
Acne pathogenesis is characterized by hyperproliferation 
and abnormal differentiation of  the follicular epithelium; 
excess sebum production; inflammation; and prolifer-

ation and biofilm formation of  Propionibacterium acnes.1,2 
Inflammation is present in all acne lesions, including preclinical 
microcomedones.3,4 Immunohistochemical studies show higher 
levels of  CD4 cells, macrophages, and interleukin (IL)-1–alpha 
in uninvolved skin of  patients with acne compared with skin of 
those without acne. These findings suggest that inflammation  
precedes hyperproliferation in the development of  acne.4 
“Noninflammatory acne” is thus a misnomer; it appears that all 
primary acne lesions are inflammatory.

Although serum androgens have been viewed as the major 
hormonal trigger in acne during puberty, recent evidence suggests 
a pivotal role for insulin-like growth factor (IGF)-1. Individuals 
congenitally deficient in IGF-1 due to Laron syndrome do not 
develop acne, for example. However, high-dose IGF-1 replacement 
therapy leads to acne and hyperandrogenism.5 

Multiple mechanisms of  IGF-1 may promote the develop-
ment of  acne. IGF-1 has been shown to: (1) induce androgen 
synthesis and increase the cutaneous availability of dihydrotestos-
terone; (2) disinhibit the forkhead box O1 (FoxO1) transcription 
factor, which normally suppresses the androgen receptor; and (3)  
activate peroxisome proliferator-activated receptor–gamma, liver X 
receptor–alpha, and sterol regulatory element binding protein-1c 
(SREBP-1c). The latter actions increase sebum triglycerides and 
fatty acid desaturation, leading to a proinflammatory and come-
dogenic monosaturated fatty acid profile.6 Increased sebum 
production also leads to increased levels of  squalene. Squalene 
monohydroperoxide is comedogenic and results from ultraviolet 
A–triggered photooxidation of squalene in sebum.7 

Compelling evidence on the roles of  hyperglycemic carbohy-
drates (high glycemic index), dairy products, and saturated fats 
in promoting acne has been reported.6 Refined carbohydrates and 
dairy products lead to disinhibition of  FoxO1 and activation of 
the mechanistic target of rapamycin complex 1 (mTORC1) through 
escalation of insulin and IGF-1 levels. Saturated fats directly activate  
mTORC1. The effect of the latter is stimulation of SREBP-1c, which 
is central to sebaceous lipogenesis, sebum fatty acid production,  
and monosaturation.2,6 

Diet-mediated changes in sebum quantity and composition 
promote P acnes overgrowth and biofilm formation. P acnes 
produces triglyceride lipase, which increases levels of free palmitic 
and oleic acids. Palmitic acid, along with P acnes–derived damage- 
associated molecular patterns, stimulates toll-like receptor 2  
(TLR2), thereby triggering inflammasome activation and IL-1–
beta signaling. Oleic acid stimulates P acnes adhesion, keratinocyte 
proliferation, and IL-1–alpha release.8-10 Furthermore, oleic acid 
can induce formation of comedones (Figure).6,11,12 

P acnes acts on the innate immune system through multiple 
proinflammatory pathways.3,13 It activates TLR2 on monocytes, 
leading to the release of  proinflammatory cytokines IL-12 and 
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IL-8.14 It promotes secretion of  the proinflammatory cyto-
kines IL-1–beta and IL-18 through an inflammasome pathway 
involving caspase-1 and the nucleotide oligomerization domain-
like receptor protein (NLRP) 3.15,16 The inflammasome is a group 
of  intracellular proteins that convert procaspase-1 to caspase-1. 
Caspase-1 converts the inactive precursor of  IL-1–beta to its 
active form.17 Additionally, P acnes induces monocyte production 
of  matrix metalloproteinases. These enzymes are associated with 
numerous inflammatory conditions and may play a role in matrix 
degradation and formation of  acne scars.18,19 

P acnes also stimulates an adaptive immune response, inducing 
IL-17A and interferon (IFN)-gamma secretion from CD4+ T cells 
in vitro. Type 17 helper T cells (TH17) and type 1/type 17 helper 
T cells (TH1/TH17) that react to P acnes stimulation are found in 
the peripheral blood of  patients with and without acne, but cells 
from patients with acne displayed stronger responses to P acnes.20

P acnes influences the development of  acne in ways beyond 
promoting inflammation. P acnes biofilm formation has been 
detected in the sebaceous follicles of  patients with acne. Biofilm 
formation leads to increased P acnes virulence, manifested in part 
by the increased expression of  P acnes triglyceride lipase, which 
increases the sebum concentration of  palmitic and oleic acids. 
These changes in sebum lipid composition contribute to inducing 
inflammatory acne. As noted, oleic acid increases P acnes adher-
ence and growth. Therefore, P acnes triglyceride lipase may 
indirectly contribute to biofilm formation by promoting increased 
concentration of  oleic acid.8 

P acnes is not always pathogenic, however. The organism is 
present in both healthy and acne-affected skin, and all P acnes 
strains do not exert the same effects. Immune system responses to 
P acnes rather than microbial density may influence progression 
to disease. Some P acnes phylotypes are associated with healthy 
skin rather than with skin affected by acne; others are more 
likely found in skin affected by acne than in healthy skin.21 Acne-
associated P acnes phylotypes have been shown to induce higher 
levels of  IFN-gamma and IL-17 in peripheral blood mononuclear 
cells than those associated with healthy skin. In recent studies, 
phylotypes associated with healthy skin induced higher levels of 
IL-10, an anti-inflammatory cytokine.22,23 Future studies might 
determine whether P acnes strains associated with healthy skin 
can reduce TH1 or TH17 inflammation.23

These current pathogenic concepts suggest new targets for 
therapy, including FoxO1, mTORC1, TLR2, the NLRP3 inflam-
masome, caspase-1, and IL-1–beta.14,15 Consumption of foods that 
increase FoxO1 or inhibit mTORC1 and inflammasome activation 
should alleviate acne. A paleolithic diet—ie, eliminating hypergly-
cemic carbohydrates and dairy products—and consumption of 
vegetables, berries, sea fish, and green tea may be a nutritional 
therapy for acne.6

Treatments eradicating P acnes may leave a microbiome 
vacuum that could be repopulated by P acnes strains promoting 
anti-inflammatory profiles. Sebum production and altered proin-
flammatory lipid content represent additional targets for acne 
therapies. An analysis of  clinical trials found that sebum reduction 
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■ FIGURE Pathways to Inflammation in Acne Pathogenesis
Hormonal initiators in acne include elevated insulin, IGF-1, and androgen levels. These lead to disinhibition of FoxO1 and activation of mTORC1, resulting in 
increased local pilosebaceous androgenesis, lipogenesis, and increased squalene, fatty acid production, and desaturation. Increased sebum production 
results in proliferation of Propionibacterium acnes, and the attendant lipase catalysis of triglycerides to the free fatty acids palmitic and oleic acid, 
leading to inflammasome activation. The latter, plus IL-1–beta upregulation and subsequent adaptive immune response activation, leads to development 
of inflammatory papules, pustules, and nodules. Comedo formation results from the direct effect of squalene monohydroperoxide and oleic acid from 
lipogenesis (oleic acid) and UVA photooxidation of squalene (monohydroperoxide) or from the degradative effect of P acnes lipases on triglycerides 
(oleic acid).
FAs=fatty acids; FoxO1=forkhead box O1; IGF-1=insulin-like growth factor-1; IL=interleukin; mTORC1=mechanistic target of rapamycin complex 1; 
UVA=ultraviolet A.
Sources: Melnik BC6; Lovászi M, et al.12
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is associated with acne improvement.24 Acetyl coenzyme A carbox-
ylase (ACC) catalyzes the rate-limiting step in synthesis of  fatty 
acids that become components of  sebaceous lipids.25 IGF-1 
and androgens upregulate expression of  a transcription factor 
that promotes ACC expression.26 Investigational acne therapies 
include a topical antiandrogen medication and a topical inhibitor 
of  ACC (see Advances in Acne and Rosacea Therapy, page S63).

Another potential intervention involves nitric oxide. Nitric-
oxide–releasing nanoparticles (NO-np) have been shown to 
suppress IL-1–beta, tumor necrosis factor–alpha, and IL-8 
release from human monocytes, and IL-8 and IL-6 release from 
human keratinocytes. NO-np reduce IL-1–beta secretion in part 
by inhibition of  caspase-1. NO-np also kill P acnes in vitro.27  
A nitric-oxide–releasing macromolecule formulated in an alco-
holic gel is under study for the treatment of  acne.28 (For more 
information, see Advances in Acne and Rosacea Therapy, page 
S63.) Current therapies address some elements of  pathogenic 
pathways. Azelaic acid 15% gel; an oral contraceptive (drospire-
none 3 mg/ethinyl estradiol 20 μg); the topical retinoids adapalene, 
tazarotene, and tretinoin; and oral isotretinoin have each been 
associated with reduced expression of  TLR2.29-34 Azelaic acid has 
demonstrated anti-inflammatory action in vitro by inhibiting the 
generation of  reactive oxygen species.35 

Summary
Inflammation plays a central role in acne pathogenesis and insulin. 
IGF-1 and androgens are prime orchestrators, with initiation likely 
due to consumption of dairy foods and a high glycemic index diet. 
The hormones lead to increased sebum production and a more 
inflammatory composition of  sebaceous lipids. These changes 
promote P acnes overgrowth and inflammation through multiple 
pathways, triggering both innate and adaptive immune activation 
(Figure). TLR2, caspase-1, the inflammasome, IL-1–beta, and 
mediators of  sebum production offer possible therapeutic targets 
in acne. All P acnes phylotypes do not act in the same way; some 
have been associated with healthy skin, rather than acne, and have 
anti-inflammatory effects. Beneficial P acnes phylotypes may lend 
themselves to future therapies. 
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orchestrated by sebum lipids. Dermatoendocrinol. 2017:9:e1375636.

13. Thiboutot DM. Inflammasome activation by Propionibacterium acnes: The story of IL-1 
in acne continues to unfold. J Invest Dermatol. 2014;134:595-597.

14. Kim J, Ochoa MT, Krutzik SR, et al. Activation of toll-like receptor 2 in acne triggers 
inflammatory cytokine responses. J Immunol. 2002;169:1535-1541.

15. Qin M, Pirouz A, Kim MH, Krutzik SR, Garban HJ, Kim J. Propionibacterium acnes 
induces IL-1ß secretion via the NLRP3 inflammasome in human monocytes. J Invest 
Dermatol. 2014;134:381-388.

16. Kistowska M, Gehrke S, Jankovic D, et al. IL-1ß drives inflammatory responses to 
Propionibacterium acnes in vitro and in vivo. J Invest Dermatol. 2014;134:677-685.

17. Dinarello CA. Interleukin-1 in the pathogenesis and treatment of inflammatory diseases. 
Blood. 2011;117:3720-3732.

18. Jalian HR, Liu PT, Kanchanapoomi M, Phan JN, Legaspi AJ, Kim J. All-trans retinoic 
acid shifts Propionibacterium acnes-induced matrix degradation expression profile toward 
matrix preservation in human monocytes. J Invest Dermatol. 2008;128:2777-2782.

19. Sato T, Kurihara H, Akimoto N, Noguchi N, Sasatsu M, Ito A. Augmentation of gene 
expression and production of promatrix metalloproteinase 2 by Propionibacterium acnes-
derived factors in hamster sebocytes and dermal fibroblasts: A possible mechanism for 
acne scarring. Biol Pharm Bull. 2011;34:295-299.

20. Kistowska M, Meier B, Proust T, et al. Propionibacterium acnes promotes TH17 and TH17/
TH1 responses in acne patients. J Invest Dermatol. 2015;135:110-118.

21. Fitz-Gibbon S, Tomida S, Chiu BH, et al. Propionibacterium acnes strain populations in 
the human skin microbiome associated with acne. J Invest Dermatol. 2013;133:2152-2160.

22. Iyer SS, Cheng G. Role of interleukin 10 transcriptional regulation in inflammation and 
autoimmune disease. Crit Rev Immunol. 2012;32:23-63.

23. Yu Y, Champer J, Agak GW, Kao S, Modlin RL, Kim J. Different Propionibacterium 
acnes phylotypes induce distinct immune responses and express unique surface 
and secreted proteomes. J Invest Dermatol. 2016;136:2221-2228.

24. Janiczek-Dolphin N, Cook J, Thiboutot D, Harness J, Clucas A. Can sebum reduction 
predict acne outcome? Br J Dermatol. 2010;163:683-688.

25. Munday MR. Regulation of mammalian acetyl-CoA carboxylase. Biochem Soc Trans. 
2002;30:1059-1064.

26. Melnik BC. Olumacostat glasaretil, a promising topical sebum-suppressing agent 
that affects all major pathogenic factors of  acne vulgaris. J Invest Dermatol. 
2017;137:1405-1408.

27. Qin M, Landriscina A, Rosen JM, et al. Nitric oxide-releasing nanoparticles prevent 
Propionibacterium acnes-induced inflammation by both clearing the organism and 
inhibiting microbial stimulation of  the innate immune response. J Invest Dermatol. 
2015;135:2723-2731.

28. Baldwin H, Blanco D, McKeever C, et al. Results of a phase 2 efficacy and safety study 
with SB204, an investigational topical nitric oxide-releasing drug for the treatment of 
acne vulgaris. J Clin Aesthet Dermatol. 2016;9:12-18.

29. Rocha MAD, Guadanhim LRS, Sanudo A, Bagatin E. Modulation of  toll like 
receptor-2 on sebaceous gland by the treatment of adult female acne. Dermatoendocrinol. 
2017;9:e1361570.

30. Jones DA. The potential immunomodulatory effects of topical retinoids. Dermatol Online J.  
2005;11:3.

31. Dispenza MC, Wolpert EB, Gilliland KL, et al. Systemic isotretinoin therapy normalizes 
exaggerated TLR-2-mediated innate immune responses in acne patients. J Invest 
Dermatol. 2012;132:2198-2205.

32. Gregoriou S, Kritsotaki E, Katoulis A, Rigopoulos D. Use of tazarotene foam for the 
treatment of acne vulgaris. Clin Cosmet Investig Dermatol. 2014;7:165-170.

33. Tenaud I, Khammari A, Dreno B. In vitro modulation of  TLR-2, CD1d and IL-10 
by adapalene on normal human skin and acne inflammatory lesions. Exp Dermatol. 
2007;16:500-506.

34. Zuliani T, Khammari A, Chaussy H, Knol AC, Dréno B. Ex vivo demonstration of  a 
synergistic effect of adapalene and benzoyl peroxide on inflammatory acne lesions. Exp 
Dermatol. 2011;20:850-853.

35. Jones DA. Rosacea, reactive oxygen species, and azelaic acid. J Clin Aesthet Dermatol. 
2009;2:26-30.

■ ■ ■ Current Concepts in Acne Pathogenesis: Pathways to Inflammation

S62 Seminars in Cutaneous Medicine and Surgery, Vol. 37, No. 3S, June 2018


