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I
nflammation has long been recognized as important in the 
pathogenesis of acne; however, until recently it was con-
sidered a secondary event. Studies over the past decade 
have demonstrated a central role for inflammation in the 

development of acne lesions and have opened new oppor-
tunities for therapeutic intervention.1,2,3 Understanding the 
role of inflammation in the development of acne vulgaris is 
important for dermatologists, as it may impact our treat-
ment choices and identify additional targets for new treat-
ment modalities. This review will provide a brief overview of 
some of the scientific literature regarding inflammation in 
acne. It will also review some recent auto-inflammatory acne 
syndromes that support the role of inflammation in acne 
pathogenesis, as well as discuss treatments currently avail-
able and in development with anti-inflammatory properties.

Inflammatory medIators In acne
Acne vulgaris is associated with excess sebum produc-
tion, colonization of the follicular infundibula with 
Propionibacterium acnes (P. acnes), hyperkeratinization, and 
production of inflammatory mediators. The microcom-
edone, which arises secondary to ductal keratinocyte prolif-
eration with occlusion of the infundibulum and subsequent 
retention of sebum, has been postulated to be the primary 
lesion in acne. Some studies of normal skin in acne-prone 
patients and early acne lesions suggest that inflammation 
may precede microcomedone formation and may serve as 
a trigger for the hyperkeratinization that leads to follicular 

occlusion. Figure 1 (next page) depicts some of the known 
major proinflammatory pathways identified in acne vulgaris.

Jeremy, et al. performed immunohistochemistry on biop-
sies of clinically normal follicles from uninvolved skin in 
patients with and without acne and demonstrated cellular, 
vascular, and proliferative markers of inflammation prior to 
microcomedone formation.4 In these studies, skin biopsies 
demonstrated an increase in perifollicular and papillary der-
mal CD3+, CD4+ T cells, the proinflammatory cytokine IL-1, 
and the vascular markers VCAM and E-selectin. IL-1ß stimu-
lates keratinocyte proliferation, which may lead to plugging 
of the follicular ostia and microcomedone formation. VCAM 
and E-selectin expression are important ligands for tethering 
and migration of inflammatory cells from the circulation to 
the dermis and are important in regulating lymphocyte traf-
ficking in the skin.  

Thiboutot and colleagues analyzed skin biopsies taken 
from inflammatory papules and normal skin of patients with 
inflammatory acne and demonstrated marked up-regulation 
of genes involved in inflammation and matrix repair in the 
inflammatory papules.5 By gene array expression profil-
ing, the greatest increases were in: matrix metalloproteases 
(MMP) 1 and 3; the cytokine IL-8; and the anti-microbial 
peptides (AMP) human ß-defensin 4 (hBD) and granzyme 
B. Quantitative PCR and immunohistochemistry confirmed 
increased expression of mRNA and proteins respectively for 
the identified genes, confirming increased protein expres-
sion. While both of the AMPs hBD 4 and granzyme B dem-
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onstrate activity against P. acnes and suppress P. acnes-
stimulated cytokine release, hBD has pro-inflammatory 
properties. This up-regulated AMP has chemotactic effects, 
induces proinflammatory chemokines and cytokines, and 
stimulates keratinocyte migration and proliferation.6 Il-8 is 
a proinflammatory cytokine associated with polymorpho-
nuclear leukocyte (PMN) recruitment that also stimulates 
keratinocyte proliferation. MMPs are involved in normal 
tissue repair and are highly upregulated in many inflam-
matory states, including acne. As MMPs selectively cleave 
collagen, the increase in MMPs in acne is believed to be a 
factor in acne scarring.  

Kang, et al. identified activation of transcription fac-
tors nuclear factor -kB (NF- kB), and activator protein-1 
(AP-1)  and their down-stream target gene products,  the 
proinflammatory cytokines (TNFa, IL-1ß, IL-8, and IL-10) 
and MMPs, in skin biopsies from patients with acne 

vulgaris.7 NF- kB is upregulated after T cell activation and 
translocated to the nucleus, which leads to proinflamma-
tory cytokine transcription. The transcription factor AP1 
induces transcription of mRNA for MMPs, particularly 
MMP1, 3, and 9 which have specificity for dermal colla-
gens. These authors demonstrated collagen degradation in 
the dermis in skin biopsies from subjects with acne, consis-
tent with the increase in MMPs.8 

There is a complex interrelationship between P. acnes, 
sebaceous lipogenesis, and inflammation.9 P. acnes, a Gram 
positive anaerobe that resides in the follicular infundibu-
lum, enhances sebaceous lipogenesis, ensuring a lipid rich 
environment in which the bacteria can flourish. Squalene, 
a major component of sebum, can be oxidized in the pres-
ence of UV light or the oxidative environment associated 
with inflammation. Peroxidated squalene has been demon-
strated to induce production of inflammatory mediators 
in cultured keratinocytes.10 These inflammatory mediators 
induce keratinocyte proliferation, which may contribute 
to follicular occlusion and enhanced sebum retention. 
Other proinflammatory lipid by-products (ararchidonic 
acid [AA], prostaglandin E2 [PGE2]), and enzymes that 
produce inflammatory mediators (lipase, 5-lipoxygenase 
[5-LOX], cyclo-oxygenase-2 [COX-2]) are also increased in 
sebum and the sebaceous gland in patients with acne vul-
garis. These lipid by-products and inflammatory mediators 
metabolized from AA help to perpetuate the inflamma-
tory cascade in acne. 

In addition to influencing sebum production, P. acnes 
has a direct role in inflammation, inducing production of 
several proinflammatory signals, via a Toll-like receptor 
(TLR2) regulated pathway. Toll-like receptors are a class 
of surface markers that selectively bind microbial patho-
gens and activate the transcription factor NF- kB. In acne, 
TLR-2 is expressed on keratinocytes and monocytes in 
the perifollicular macrophages of inflammatory acne.11 P. 
acnes binding of TLR-2 leads to increased production of 
IL-12 and IL-8. In summary, the tightly regulated cascade of 
inflammation, hyperkeratinization, P. acnes proliferation, 
and sebum production appear to be closely intertwined.

clInIcal syndromes wIth acne
Several rare auto-inflammatory diseases include acne as 
a clinical manifestation and serve as a model for the role 
of inflammation in the pathogenesis of this disease. PAPA 
syndrome, a rare autosomal dominant disease, includes the 
triad of pyogenic sterile arthritis, pyoderma gangrenosum 
(PG), and acne and shares features with the aseptic abscess-
es syndrome. PAPA syndrome is due to a defect in PSTPIP1, 
which encodes proline-serine- threonine- phosphatase 
interactive protein 1 gene.  PSTPIP1 binds to pyrin, the pro-

Figure 1. Inflammatory Mediators in Acne Vulgaris

In acne, pro-inflammatory transcription factors (NK-KB, AP-1), 

cytokines (IL-1ß, IL-8, IL-12), antimicrobial peptides (granzyme 

B, human beta-defensin 4), and MMPs are upregulated. Enzymes 

(5-LOX, COX-2, and lipase) and lipid breakdown products (squa-

lene, arachidonic acid, prostaglandin E-2) are increased in sebum 

and the sebaceous gland. There is an increase in TLR-2, CD-3, 

CD-4 + T cells and expression of VCAM and E-selectin on endo-

thelial cells.  
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tein linked to familial Mediterranean fever. PSTPIP and pyrin 
regulate the NLRP3 inflammasome and caspase-1 mediated 
signaling pathway inflammation. Braun-Falco, et al. have 
identified a related syndrome with PG, acne, and suppurative 
hidradenitis (PASH) that shares some components of the fol-
licular occlusion triad.12 A similar aseptic abscess condition, 
SAPHO Syndrome,  has predominately bone manifestations 
with Synovitis, Acne, Pustulosis, Hyperostosis, and Osteitis 
as key clinical features.13 While the treatment of these asep-
tic abscess syndromes remains challenging, some patients 
with PAPA, PASH, and SAPHO have demonstrated a clinical 
response to anti-inflammatory agents, such as methotrexate, 
leflunomide, or drugs that target TNF or IL-1ß (anakinra), 
underscoring the critical role of inflammation in these con-
ditions. Further characterization of the aberrant proteins, 
receptors, and signaling molecules involved in the pathogen-
esis of these inflammatory syndromes is likely to further our 
understanding of the role of inflammation in acne vulgaris.14 

antI-Inflammatory approaches to acne 
Several agents commonly prescribed to treat acne vulgaris 
have known effects on one or more components of the 
inflammatory pathways reviewed above. While the exact 
mechanism of action for some of our therapeutic arma-
mentaria remains unknown, studies in vitro and in vivo have 
identified anti-inflammatory activity of retinoids, dapsone, 
antibiotics and other treatments prescribed by dermatolo-
gists to control the signs and symptoms of acne vulgaris. 
Several drugs in development have demonstrated anti-
inflammatory activity in vitro, and novel anti-inflammatory 
mechanisms are being explored for additional development 
opportunities.

Retinoids are traditionally viewed as keratolytics, promot-
ing keratinocyte differentiation and turn-over to prevent 
follicular occlusion. Modlin and co-workers demonstrated 
that all-trans retinoic acid down-regulates TLR2 expression 
and function as well as the TLR2 co-receptor CD14.15 In vitro 
studies have also demonstrated retinoid inhibition of ara-
chidonic acid induced ear swelling in mice and inhibition of 
peritoneal macrophage lipoxygenase activity.2     

Antibiotics, used both topically and systemically in the 
treatment of acne, have both anti-microbial and anti-inflam-
matory properties. In addition to direct anti-microbial activ-
ity targeting P. acnes, clindamycin has multiple activities on 
macrophages and leukocytes including: inhibiting cytokine 
release from bacterially stimulated macrophages, modulat-
ing the stimulated production of reactive oxygen species by 
macrophages, and potentiating the activity of phagocytic 
leukocytes.16,17 Clindamycin has also been shown to decrease 
lipase production, thereby decreasing proinflammatory 
free fatty acids in the sebum.  Clindamycin and tetracy-

clines inhibit the release of neutrophil chemotactic factor 
from neutrophils exposed to P. acnes and production of 
IL-1ß. Inhibition of neutrophil chemotactic factor decreases 
inflammatory cell migration into early acne lesions, while a 
decrease in IL-1 ß would decrease keratinocyte proliferation 
and hyperkeratinization.  

Dapsone is administered systemically to treat a wide range 
of inflammatory dermatologic diseases and is particularly 
prescribed in conditions characterized by a PMN predomi-
nant infiltrate such dermatitis herpetiformis, bullous sys-
temic lupus erythematosus, and Sweet’s syndrome. Sweet’s 
syndrome, which is also known as acute febrile neutrophilic 
dermatosis, shares some features with the auto-inflamma-
tory family of disorders described above. Topical dapsone 
gel has been approved for the treatment of acne vulgaris. 
In vitro, a wide range of anti-inflammatory affects have 
been associated with dapsone including inhibition of: IL-8 
release from cultured keratinocytes; leukocyte migration via 
inhibition of integrins; signal transduction after G-protein 
activation; calcium-dependent neutrophil function; release 
of prostaglandins, leukotrienes, and lysosomal acid hyrolases; 
and formation of 5 lipoxygenase metabolites.18 In a random-
ized study of tazarotene cream alone or in combination 
with dapsone gel, the addition of topical dapsone resulted 
in greater efficacy than monotherapy, suggesting that the 
addition of an anti-inflammatory agent to a retinoid-based 
regimen provided clinical benefit to patients with acne.19 

Dermatologists have also used anti-inflammatory agents 
not approved for the treatment of acne vulgaris in select cir-
cumstances to help control acne when our usual treatment 
options have been unsuccessful. Examples of such treat-
ments include the addition of dapsone, methylprednisolone, 
and non-steroidal anti-inflammatory agents (NSAIDs) to 
treatment regimens.20 In a four-arm, randomized study in 
60 subjects with acne vulgaris, concomitant administration 
of oral ibuprofen and tetracycline was more effective than 
either agent alone.21

Another agent with reported anti-inflammatory activ-
ity is zinc, which has been used both topically and orally 
to treat acne vulgaris.22 A combination erythromycin-zinc 
topical solution is approved for treatment of acne vulgaris in 
Europe and other ex-US countries.   

drugs In development
There are several novel agents in development for acne 
vulgaris that target inflammation as a major component 
of their mechanism of action. Agents in early development 
with a mechanism of action that targets the inflammatory 
pathway include: Topical epigallocatechin-3-gallate (EGCG), 
a major polyphenol in green tea; NVN1000, a nitric oxide-

(Continued on page 33)
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releasing compound; and gevokizumab, a systemically 
administered monoclonal antibody that targets IL-1ß.  

summary
Multiple lines of evidence support a pivotal role for 
inflammation in the pathogenesis of acne vulgaris. Many 
currently available acne treatments have demonstrated 
anti-inflammatory activity, although it is difficult to sepa-
rate the anti-inflammatory effects from other actions of 
these agents. A greater understanding of the inflammatory 
pathways relevant in acne may identify targets for addi-
tional treatment options. n

Dr. Rico is a dermatologist and Chief Medical 
Officer at Novan Therapeutics.
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