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Abstract
Acne vulgaris is a common disease that carries an enormous financial and psychosocial impact. Androgens,

excessive sebum production, ductal hypercornification, changes in the microbial flora, as well as inflammation and

immunological host reactions are considered the major contributors to acne pathogenesis. Despite extensive

research on acne pathogenesis, the exact sequence of events and their possible mechanisms leading to the

development of a microcomedone and its transformation into an inflamed lesion has remained unclear.

There is a significant amount of in vitro evidence suggesting a possible pathogenetic role for Propionibacterium
acnes in comedogenesis as well as inflammation in inflammatory acne. However, the microbiological data from non-

inflamed as well as inflamed acne lesions, cultured individually, do not entirely support the hypothesis that these

micro-organisms are actually responsible for their initiation. There appears to be comedones and inflamed lesions in

which there is no clear evidence of Propionibacterium acnes involvement. Considering this microbiological data,

alongside the in vitro evidence, we have tried to delineate the possible sequence of events and their mechanisms,

leading to the development of a microcomedone and its transformation into an inflamed lesion. Based on the

available literature we have analysed the evidence of both non-inflamed as well as inflamed acne lesions occurring

in the absence of Propionibacterium acnes from the pilosebaceous follicles. We propose that the development of an

inflamed acne lesion depends on an imbalance between the pro-inflammatory and anti-inflammatory pathways

rather than the incitement of inflammation by Propionibacterium acnes.
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Introduction
Acne vulgaris is a multifactorial, pleomorphic skin disease of the

pilosebaceous follicles (PSFs) characterized by a variety of non-

inflamed (open and closed comedones) and inflamed (macules,

papules, pustules and nodules) lesions. Microcomedones (earliest

subclinical lesions) are thought to be the precursor lesions that

can then develop into non-inflamed and ⁄or inflamed lesions.

Although a common disease, the aetiology of acne is not yet fully

elucidated and is thought to be a multifactorial process. Andro-

gens, excessive sebum production, hyper-proliferation and abnor-

mal differentiation of the follicular infundibulum, changes in the

microbial flora, as well as inflammation and immunological host

reactions are considered the major contributors to acne pathogen-

esis.

The controversial role of Propionibacterium acnes in the

initiation of non-inflamed and inflamed acne lesions

The role of Propionibacterium acnes (P. acnes) in acne has long

been a very controversial topic. The microbiological data

obtained from comedones, cultured individually, suggest that

P. acnes may not be involved in the initiation of these lesions. This

data has been recently reviewed by Shaheen and Gonzalez.1 How-

ever, there is a considerable amount of in vitro data suggesting a

possible pathogenetic role for this micro-organism in comedogen-

esis. Nevertheless, none of the previous reviews on acne pathogen-

esis has tried to incorporate the existing microbiological data with

the in vitro evidence to explain the possible role of this micro-

organism in the evolution of non-inflamed acne lesions.2–4

Likewise, the involvement of P. acnes in the initiation of inflam-

mation in inflamed lesions is still a matter of debate. Two distinct

phenotypes of P. acnes (type I and II), corresponding to phyloge-

netically distinct clusters or lineages, have been identified.5 Inter-

estingly, P. acnes type I was isolated from the majority of acne

lesions in one study, favouring the hypothesis that a specific P. ac-

nes phenotype might be more common in acne patients.5 Simi-

larly, based on multilocus sequence analysis of various

housekeeping and virulence factor genes, Lomholt and Kilian6 also

identified three phylogenetically different groups of P. acnes

(I–III). They also found a subdivision of group I (I-1) to be signi-

ficantly associated with moderate to severe acne. The difference in
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the production of various virulence factors was thought to be

responsible for this association.6 This viewpoint has been recently

supported by the finding that strain specific differences in the gen-

ome of various P. acnes groups do exist.7 This along with a wealth

of other in vitro evidence (discussed later), showing various ways

in which P. acnes can be involved in inflammation, suggests a

possible role for this organism in inflammatory acne. However,

even with such compelling data, this by no means proves that

P. acnes is involved in the initiation of inflamed acne lesions. The

question regarding the involvement of P. acnes in the initiation of

inflammation cannot be answered without looking at the microbi-

ological data obtained from inflamed acne lesions, cultured

individually. This data, as reviewed by us recently, showed that

P. acnes is never isolated from 100% of inflamed lesions and that

various investigators also found a proportion of these lesions to be

sterile.1 It is important to understand that although the organism

is isolated from the skin surface, its normal habitat is the PSF.8 As

acne is a disease of the PSFs, inflammation in an inflamed acne

lesion cannot be assumed to be initiated by P. acnes particularly

when the PSF is confirmed to be sterile or not colonized by this

micro-organism.

Propionibacterium acnes may be a bystander in the

development of inflamed acne lesions

Based on the observation that patients with severe acne, compared

with mild acne and normal controls, have higher levels of antibod-

ies to P. acnes, it has been proposed that hypersensitivity to P. ac-

nes may be responsible for the variation in acne severity.9,10

However, in both these studies no statistical analysis was done to

ascertain whether or not there was any significant difference in the

antibody titres between normal controls, mild ⁄moderate acne and

patients with severe acne. Provision of this data could have been

more informative in drawing conclusions regarding the role of

these antibodies in acne pathogenesis (i.e.whether pathogenic or

consequential). In contrast, Ingham et al.11 found no significant

difference in the antibody titres to P. acnes in patients with mild

or moderate acne compared with normal controls. They only

found patients with severe acne, compared with normal controls,

to have significantly higher titres of antibodies to this micro-

organism. Furthermore, patients with severe acne do not harbour

significantly larger numbers of P. acnes than those with milder

disease.12,13 Thus, it is possible that the increased antibody titres to

P. acnes in severe acne patients, is due to an increased exposure of

these individuals to the immunogen as a result of their disease

per se. Likewise, cell-mediated immunity to P. acnes cannot be

solely held responsible for the initiation of inflammation in all

acne patients as it has been shown to occur late in the chain of

events.14 Moreover, the improvement seen with the use of

antibiotics, such as tetracycline, may partly be explained by their

anti-inflammatory effects.15 Together this evidence suggests that

P. acnes may be merely a bystander and not an active participant

in the development of inflamed acne lesions.

Although a number of different reviews have been published on

acne pathogenesis, none of them gave a clear cut sequence of

events and mechanisms leading to the development of a non-

inflamed lesion followed by its progression to an inflamed one.2–4

The aim of this review is to propose a possible stepwise mecha-

nism to explain this process. We have also tried to incorporate the

in vitro evidence, regarding the pathogenic potential of P. acnes, to

explain its possible role in the evolution of non-inflamed as well

as inflamed acne lesion. Moreover, in line with the microbiological

data, we have retained the viewpoint that both comedogenesis and

inflammation may occur in the absence of P. acnes.

Comedogenesis
Comedones result from abnormal proliferation and differentiation

of ductal keratinocytes.16 Hyper-proliferation has been confirmed

by demonstration of an increase in the Ki-67 labelling of ductal

keratinocytes.17 This fact is further substantiated by the presence

of keratins 6 and 16 (keratin markers of hyper-proliferation) in

comedones.18

Androgens, PPARs and seborrhoea

The role of androgens in acne vulgaris and the beneficial effect of

anti-androgen therapy are well established. Acne development

begins at the time of adrenarche when the adrenal glands start

producing dehydroepiandrosterone sulphate (a precursor for tes-

tosterone).19,20 Androgen-insensitive subjects do not produce

sebum and do not develop acne.21 Acne patients have also been

found to have a higher density of androgen receptors22 and

increased activity of type I 5a-reductase enzyme23 which might

support the hypothesis of end-organ sensitivity in these patients.

In addition, anti-androgen therapy reduces sebum excretion rate

(SER) and improves acne.24

The risk of acne vulgaris in relatives of patients with acne, as

compared with controls, is significantly higher suggesting heredi-

tary influences.25 Interestingly, evidence of direct genetic associa-

tion of acne with androgen abnormalities has been observed.

CYP17-34C ⁄C homozygote Chinese men have been found to be

at a significantly increased risk of developing severe acne.26 This

gene encodes cytochrome P450c17a which is one of the key

enzymes in androgen biosynthesis. Moreover, neonatal acne has

been found to be associated with familial hyperandrogenism.27 It

seems likely that acne is a polygenic disorder and that different

genes, accounting for either increased concentration and ⁄or sensi-
tivity to androgens, may be responsible for the development of

acne in an individual.

As mentioned earlier, acne patients have increased end-organ

sensitivity to circulating androgens. Although androgens have a

proliferative effect on cultured human28 and SZ95 sebocytes,29

they have only a minimal effect on SZ95 sebocyte differentiation.30

PPAR ligands, on the other hand, have been shown to be the mas-

ter regulators of lipid metabolism.30,31 In addition to the androgen

receptors, PPARs are abundantly present in human sebaceous
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glands.32 Taken together, these findings may explain the increase

in sebaceous gland size with associated seborrhoea seen in acne

patients at puberty.

Acne patients are also known to have a low sebaceous linoleic

acid (LA, C18D9,12) level,
33 which returns to normal with a con-

comitant decrease in SER, after treatment with anti-androgens.34

These results indicate that the proportion of LA in sebum is influ-

enced by SER. A low concentration of linoleate in sebum has been

proposed to cause follicular hyperkeratosis and decreased barrier

function.35 It is, therefore, understandable that an increased sensi-

tivity to androgens, in acne patients, may lead to a low sebaceous

linoleate concentration as a consequence of increased SER, result-

ing in comedogenesis. Indeed, the severity of acne has been found

to be related to the rate of sebum excretion.36 Adding more weight

to the LA theory is the fact that topical LA has been shown to

cause a significant reduction in the size of follicular casts and

microcomedones in acne patients.37

In addition, androgens have been shown to significantly stimu-

late the proliferation of keratinocytes co-cultured with beard der-

mal papilla cells via the production of insulin-like growth factor-1

(IGF-1) by the dermal papilla cells.38 Thus, it is possible that

androgens may also influence epithelial turnover in the follicular

infundibulum via the production of IGF-1, which acts as a para-

crine growth factor. Interestingly, serum IGF-1 levels have been

found to be positively correlated with the number of comedones

in females with clinical acne.39 IGF-1 has also been shown to stim-

ulate lipid production in human SEB-1 sebocytes by an increased

expression of sterol response element-binding protein-1, a tran-

scription factor that regulates numerous genes involved in lipid

biosynthesis.40 Thus androgens can cause seborrhoea in acne

patients not only by their direct proliferative action on the sebo-

cytes but also via IGF-1, which stimulates lipogenesis in the seba-

ceous glands.

Interleukin-1a
Results from essential fatty acid deficient mice have shown mRNA

levels for epidermal IL-1a to be elevated several-fold over con-

trols.41 Disruption of the skin permeability barrier and the body’s

attempt to repair it was postulated to be responsible for this

increase. Elevated IL-1a has been reported in comedones in acne

patients.42 Furthermore, IL-1a has been demonstrated to cause

hypercornification of the follicular infundibulum, which can be

blocked by IL-1 receptor antagonists.43 Therefore, we propose that

low sebaceous LA levels (an essential fatty acid), in acne patients,

may cause disruption of the cutaneous permeability barrier of the

follicular infundibulum. This may lead to increased epidermal

IL-1a production, resulting in comedogenesis.

In summary, it is highly probable that androgens may play an

important role in comedogenesis. They may not only stimulate

keratinocyte proliferation but may also lead to seborrhoea by their

direct and indirect action (via IGF-1) on the sebocytes. These two

androgenmediated effects may, therefore, explain the development

of comedones in acne patients. Our proposed mechanismmay also

explain the microbiological data which suggests that comedogene-

sis can occur in the complete absence of P. acnes from the PSFs.1

Propionibacterium acnes colonization of
comedones
Keeping in mind the above-mentioned hypothesis regarding the

role of androgens in the initiation of comedogenesis, the fact that

P. acnes has been found to colonize significantly more comedones

compared with unaffected follicles44,45 can be explained as follows:

Follicular micro-environment

The micro-environment of individual PSFs, whether normal or

acne affected, is thought to be important for colonization by

micro-organisms.46,47 Follicular pH, water availability and oxygen

as well as carbon dioxide tension are some of the possible parame-

ters that might differ from one PSF to another and may determine

microbial colonization.46

Innate immunity

More recently, innate immunity has received a lot of attention

because of its potential role in protecting surface epithelia from

microbial colonization and invasion. Apart from secreting lipid-

rich sebum onto the skin surface, sebocytes can also provide an

innate immune defensive function. This has been supported by

the observation that various antimicrobial peptides (e.g. cathelici-

din, Psoriasin, human b defensin (hBD)-1 and 2 and histone H4)

are produced by these cells.48–51 These antimicrobial peptides have

been found to have antimicrobial activity against P. acnes,

in vitro.48,51,52

It is prudent to mention herein that the actual concentration of

these antimicrobial peptides released by human sebaceous glands

remains unknown.51 It is possible that the concentration of these

antimicrobial peptides having an antimicrobial activity in vitro, is

not achievable in vivo. However, these antimicrobial peptides

demonstrate additive or synergistic functions when combined.48,53

It is therefore possible that the total antimicrobial activity in sebo-

cytes is due to all antimicrobial peptides acting together.

Although antimicrobial peptides are extensively studied, other

protection systems also exist. Free fatty acids (FFAs) are ubiqui-

tous on the human skin surface, possessing intrinsic antimicrobial

activity predominantly against gram-positive bacteria.54,55 More-

over, they can further strengthen the cutaneous innate immunity

by upregulation of hBD-2 by sebocytes.52 Lastly, synergistic anti-

microbial activity of hBD-2 and lauric acid (C12:0) has been dem-

onstrated against P. acnes, in vitro.52

When all these findings are considered together we can hypothe-

size that in addition to the follicular micro-environment the syner-

gistic antimicrobial activity of the various antimicrobial

components secreted from sebocytes, may also determine coloniza-

tion of the normal and acne affected PSFs. This innate defence

mechanism may be defective in acne patients and, along with a
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favourable follicular micro-environment, may be responsible for

the significantly greater colonization of comedones (by P. acnes)

compared with the unaffected follicles.44,45 Changes in the skin sur-

face FFAs can be postulated as one of the possible mechanisms for

such a defect. It is, therefore, possible that a lower LA level in acne

patients may be one of the factors responsible for a defective innate

immune mechanism in these patients.33 However, this matter is

still unresolved and more research is needed to test this hypothesis.

Potentiation of comedogenesis after
Propionibacterium acnes colonization
After colonization, P. acnes can potentiate comedogenesis by vari-

ous mechanisms (Fig. 1). It is known that P. acnes produces lipas-

es which hydrolyse triglycerides, thereby releasing FFAs. These

FFAs have been found to be comedogenic in the rabbit ear

model.56 Oxidized squalene is another substance that has been

found to be comedogenic in the rabbit ear model.57 P. acnes,

through its production of porphyrins, may act as a catalytic agent

in the oxidation of squalene.58 This, along with the fact that kerati-

nocytes stimulated by P. acnes have been shown to produce signif-

icantly more IL-1a compared with unstimulated keratinocytes,

might signify other potential pathways through which P. acnes

may be involved in comedogenesis.59

Compared with normal controls, aberrant a6 integrin expres-

sions have been demonstrated around clinically normal follicles

and early inflamed lesions of acne patients.60 Integrins are postu-

lated to be important in the proliferation and differentiation of

keratinocytes.61 P. acnes has been shown to induce the expression

of b1, a3, a6, aVb6 integrins and filaggrin on epidermal cells,

in vitro.62 This may be another possible mechanism by which

P. acnesmay aggravate comedogenesis.

Lastly, P. acnes has been shown to increase the production of

IGF-1 by keratinocytes.63 This can then activate IGF-1R, mostly

located in the basal layer of the epidermis and also induced by

P. acnes, leading to proliferation of the keratinocytes and an

increase in filaggrin expression through a paracrine pathway.63

This can potentially be another mechanism by which P. acnes can

potentiate comedogenesis.

Inflammation

Sub-clinical inflammation

The next question which needs to be answered is exactly what ini-

tiates inflammation, if not P. acnes? Compared with the control

follicles obtained from non-acne patients, clinically normal skin of

acne patients has been shown to have increased numbers of T cells

and macrophages in the perifollicular and papillary dermis.60 Fur-

thermore, expression of E-selectin and vascular adhesion mole-

cule-1 was also found to be upregulated, with the dermal

concentration of IL-1a reported to be three times higher in this

clinically normal skin.60 All these data suggest that sub-clinical

inflammation exists in acne prone areas, even if it appears clini-

cally normal, in people suffering with acne.

Many cells, including keratinocytes and fibroblasts, function as

sources of IL-1.64 In Ser252Trp-FGFR2 mutated osteoblasts (mes-

enchymally derived cells) in patients with Apert syndrome, an

Propionibacterium 
acnes

P. acnes porphyrins 
catalysing squalene 

oxidation

P. acnes lipase 
mediated 

triglyceride 
hydrolysis leading 
to free fatty acid 

production

Increased 
Interleukin-1!

production by the 
keratinocytes

Abnormal 
proliferation and 
differentiation of 

keratinocytes

Increased IGF-1 
and IGF-1R 
expression in 

epidermal 
keratinocytes  

Comedones
Figure 1 Possible mechanisms for the involvement of Propionibacterium acnes (P. acnes) in comedogenesis. IGF-1, Insulin-like
growth factor-1; IGF-1R, Insulin-like growth factor-1 receptor.
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increase in the expression of IL-1a has been reported.65 Andro-

gens are thought to be involved in FGF2 production (by dermal

fibroblasts) which then binds mesenchymal isoform FGFR2c

receptors.66 It is possible that increased androgen sensitivity in

acne patients may lead to increased FGF2 production by dermal

fibroblasts. FGF2 produced as a result of this stimulation may

lead to increased IL-1a production by these fibroblasts via an

autocrine effect. This may explain the higher dermal concentra-

tion of IL-1a, noted in the clinically normal skin of acne

patients.60

The IL-1a is a pro-inflammatory cytokine which can upregulate

the expression of intercellular adhesion molecule-1 and vascular

cell adhesion molecule-1.67 Therefore, it is possible that the

increased expression of IL-1a, both in the dermis as well as epider-

mis (mechanism explained under comedogenesis), will not only

contribute to comedogenesis but may also result in the initiation

of non-specific sub-clinical inflammation, demonstrated in the

clinically normal skin of acne patients.60 More recently, upregula-

tion of IL-6 and TNF-a in cultured human sebocytes after addi-

tion of Dihydrotestosterone has also been demonstrated.68 These

pro-inflammatory cytokines may also play a role in the sub-clini-

cal inflammation mentioned above.

Clinical inflammation

The transition from sub-clinical to clinical inflammation might

depend on an imbalance between pro-inflammatory and anti-

inflammatory pathways that are activated as a result of this local

stress.

Activation of the cutaneous equivalent of the central
hypothalamic-pituitary-adrenal axis The hypothalamic-pitui-

tary-adrenal (HPA) axis plays a crucial role in terminating the

stress response and buffering tissue damage, in response to any

systemic stress.69 This process involves production and release of

corticotropin–releasing hormone (CRH) followed by production

and secretion of proopiomelanocortin (POMC) derived peptides

(adrenocorticotropic hormone, ACTH and a-melanocyte stimu-

lating hormone, a-MSH). ACTH induces production and secre-

tion of the powerful anti-inflammatory protein cortisol, which

terminates the stress response and buffers tissue damage. The pres-

ence of corticotropin–releasing hormone (CRH), its binding pro-

tein (CRHBP) and corticotropin-releasing hormone receptor type

1 (CRHR-1) and 2 (CRHR-2) has been confirmed in human seba-

ceous glands, in vivo, suggesting that a complete CRH system

exists in sebocytes.70 Moreover, a functional CRH- proopiomela-

nocortin (POMC)-corticosteroid axis organized similarly to the

HPA axis has been demonstrated in epidermal melanocytes,71 der-

mal fibroblasts72 and human hair follicles.73

The CRH expression in the hypothalamic cells can be modu-

lated by various pro-inflammatory cytokines (Tumour necrosis

factor-a (TNF-a), IL-1b and IL-6).74 These cytokines may also

modulate its expression in the skin. Thus, the sub-clinical inflam-

mation evident in the clinically normal skin of acne patients may

lead to increased cutaneous production of CRH. Indeed, CRH

expression has been found to be greatly increased in acne involved

skin compared with non-involved and normal skin.70 As a–MSH

peptides, produced locally, as a result of this CRH stimulation of

the cutaneous CRH-POMC-corticosteroid axis also modulate the

expression of its receptor (MC-1R),73 this may explain the

increased expression of MC-1R in the sebaceous glands of lesional

skin of patients with acne vulgaris.75

Although CRH can induce cutaneous inflammation by causing

mast cell degranulation,76 it might also act as an anti-inflammatory

agent by increasing the local production of steroids. Likewise,

a-MSH has also been shown to exert anti-inflammatory actions by

inhibition of IL-1 mediated IL-8 secretion from SZ95 sebocytes77

and by suppressing TNF-a and IL-1b gene expression following an

ischaemic cerebral event in mice.78 Furthermore, it has also been

demonstrated to induce the production of IL-10 by human periph-

eral blood monocytes in vitro.79 IL-10 is a regulatory cytokine that

acts to harness the release of several pro-inflammatory cytokines.80

In brief, activation of the cutaneous CRH-POMC-corticosteroid

axis may activate both pro-inflammatory and anti-inflammatory

pathways that when working in conjunction with other pro-

inflammatory pathways (discussed below) may determine the

development of a clinically inflamed lesion.

Substance P and human b-defensins Substance P (SP),

another important pro-inflammatory neuropeptide,81 has also

been found to be over expressed in dermal nerves around the

sebaceous glands of acne patients.82 Recently, IL-1a was found to

upregulate SP expression in the dorsal root neurons from mature

rats.83 This may be another pro-inflammatory pathway that is acti-

vated as a result of sub-clinical inflammation seen in the clinically

normal skin of acne patients.

Further, antimicrobial peptides hBD-1 and hBD-2 have been

found to be upregulated in lesional skin from acne patients.50

hBD-2 does not only possess antimicrobial activities but also acts

as a chemoattractant for mast cells84 and induces histamine release

and prostaglandin D2 production from these cells as well.85 More-

over, human b-defensins are also chemotactic for immature

dendritic cells and memory T cells.86 Pro-inflammatory cytokines

e.g. TNF-a can modulate hBD-2 expression and, therefore, may

explain its upregulation in acne lesions.87

It is evident that various pro-inflammatory and anti-inflamma-

tory pathways are activated as a result of sub-clinical inflamma-

tion, seen in the clinically normal skin of acne patients. We

hypothesize that an imbalance between these pathways may lead

to the development of clinical inflammation in inflammatory acne

(Fig. 2). Interestingly, an in vitro study has shown that acne

patients produce significantly less IL-10 from monocytes, in

response to P. acnes stimulation, as compared with healthy con-

trols.88 It is possible that the production of IL-10 by monocytes, in

response to a-MSH, in acne patients may also be impaired: this
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may be one of the anti-inflammatory pathways that can be defec-

tive in these patients.

Our proposed mechanism signifies that the presence of P. acnes

in PSFs is not necessary for the development of clinical inflamma-

tion in acne patients. This may therefore explain the sterility or

absence of P. acnes from a significant proportion of inflamed acne

lesions as reported by various investigators.1

Potentiation of inflammation by Propionibacter-
ium acnes and other intrafollicular contents
As explained above, clinical inflammation in an acne lesion may

develop in the complete absence of P. acnes from the PSFs. How-

ever, micro-organisms (from colonized follicles) and other intra-

follicular contents may further intensify this inflammation.

Propionibacterium acnes and ⁄or its products, after being released
into the dermis, may intensify the inflammatory process by its

antigenic,9,11,89 enzymatic,90–92 complement activation93,94 and

chemoattractant activities95,96 (Fig. 3). Moreover, P. acnes can also

lead to the production of pro-inflammatory cytokines ⁄ chemokines

by keratinocytes59,97 (IL-1a, TNF-a, granulocyte ⁄macrophage col-

ony-stimulating factor and IL-8), sebocytes98 (CXCL8, synony-

mous with IL-8) and peripheral blood mononuclear cells99 (IL-1b,
TNF-a, and IL-8). Lastly, P. acnes can also enhance expression of

antimicrobial peptide hBD-2 in sebocytes and keratinocytes.97,98 It

Increased androgen sensitivity
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Figure 2 Proposed mechanism for the aetiopathogenesis of acne vulgaris and its association with Propionibacterium acnes
(P. acnes). DHT, Dihydrotestosterone; IL, Interleukin; CRH, Corticotropin-releasing hormone; MSH, Melanocyte stimulating hormone;
ACTH, Adrenocorticotropic hormone; hBD-2, Human beta defensin-2; SP, Substance P; TNF, Tumour necrosis factor; IGF-1, Insulin-
like growth factor-1.
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is obvious that hBD-2 (an antimicrobial peptide containing pro-

inflammatory properties) and all the other pro-inflammatory

cytokines ⁄ chemokines mentioned above, may also intensify

inflammation in acne patients.

Propionibacterium acnes secretory protein called Christie-Atkins-

Munch-Peterson factor and acid sphingomyelinase, which is

released from the host cells in the presence of P. acnes, are cyto-

toxic to keratinocytes and macrophages, in vitro.100 Furthermore,

P. acnes can lead to the formation of reactive oxygen species, espe-

cially superoxide anions, by keratinocytes.101 These may be other

potential mechanisms explaining the involvement of P. acnes in

inflammatory acne. Last but not least, P. acnes can also exaggerate

inflammation in acne by the induction102 and activation97 of toll-

like receptors 2 and 4. After rupture of the duct it is likely that

other intrafollicular contents like FFAs, keratin and hairs may also

contribute to the inflammation.

Conclusion
We conclude that androgens, sebaceous lipid abnormalities and

key cytokines such as IL-1a may play an important role in the

initiation of comedogenesis. Although acknowledging the signifi-

cant supportive evidence on the role of P. acnes in acne pathogen-

esis, we propose that P. acnes may not be central to the initiation

of inflammation in inflamed acne lesions. Rather, an imbalance

between the pro-inflammatory (CRH by causing mast cell degran-

ulation, SP and hBD-2) and anti-inflammatory pathways (steriod-

ogenesis and a–MSH production as a result of cutaneous

CRH-POMC-corticosteroid axis activation) may be more impor-

tant in this context. This hypothesis may be tested by comparing

the pro-inflammatory and anti-inflammatory effects of these dif-

ferent pathways in patients with either predominantly comedonal

or inflammatory acne.

There is no doubt that the in vitro evidence for the role of

P. acnes in acne pathogenesis is compelling. However, it cannot be

taken as a proof of its involvement in the initiation of non-

inflamed and inflamed acne lesions. We have attempted to take a

balanced view of most of the available evidence, including the

microbiological data, and shown that the central role of P. acnes in

the initiation of acne lesions is not yet irrefutable. If P. acnes is not

isolated from a significant number of acne-affected PSFs (whether

inflamed or non-inflamed) the organism cannot be held responsi-

ble for the initiation of pathological changes in these lesions. The

story on the role of P. acnes in acne pathogenesis must therefore

be viewed as still evolving.
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strains of Propionibacterium acnes induce selective human beta-defen-
sin-2 and interleukin-8 expression in human keratinocytes through
toll-like receptors. J Invest Dermatol 2005; 124: 931–938.

98 Nagy I, Pivarcsi A, Kis K et al. Propionibacterium acnes and
lipopolysaccharide induce the expression of antimicrobial peptides and
proinflammatory cytokines ⁄ chemokines in human sebocytes. Microbes
Infect 2006; 8: 2195–2205.

99 Vowels B, Yang S, Leyden J. Induction of proinflammatory cytokines
by a soluble factor of Propionibacterium acnes: implications for chronic
inflammatory acne. Infect Immun 1995; 63: 3158–3165.

100 Nakatsuji T, Tang DC, Zhang L, Gallo RL, Huang CM. Propionibacteri-
um acnes CAMP factor and host acid sphingomyelinase contribute to
bacterial virulence: potential targets for inflammatory acne treatment.
PLoS ONE 2011; 6: e14797.
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