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The commensal organism Propionibacterium acnes (P. acnes) is a major etiological

factor for inflammatory acne. The interaction of P. acnes with follicular keratinocytes

initially leads to an innate immune response resulting in the production and secretion

of pro-inflammatory mediators and subsequent recruitment and infiltration of

neutrophils. The resulting erythematous inflammation is amplified after follicular

rupture by allowing bacterial access and interaction with migratory inflammatory cells.

In both early and late phase of this mechanism, P. acnes appear to interact with and

activate toll-like receptors (e.g. TLR2, TLR4; Jugeau et al., 2005, Br J Derm 153:1105;

Kim J, 2005, Dermatology 211: 193). Consequently, an improved anti-acne therapeutic

would have both antimicrobial and anti-inflammatory activity.

Isoprenylcysteine (IPC) analogs are structural mimics of the lipidated C-termini of the

Gɔsubunit of all heterotrimeric G proteins and small G proteins, which participate in

eliciting inflammatory responses such as the release of pro-inflammatory mediators

and the migration and activation of inflammatory cells. We previously demonstrated

N-acetyl-S-farnesyl-L-cysteine (AFC) possesses potent anti-inflammatory efficacy that

is restricted to the site of application in an in vivo TPA-induced acute contact irritation

mouse model (Gordon et al., 2008, JID, 128:643). More recently, AFC has been shown

to inhibit the accumulation of cytokines after TPA-induced inflammation (Fernandez et
al., Poster # 118) and ATP Sɹ-induced chemokine secretion by microvascular

endothelial cells (Adhami et al., Poster # 724).

In this study, we investigated whether IPC analogs possess a combination of

antimicrobial and anti-inflammatory activity through inhibition of P. acnes-induced

cytokine production in vivo and in vitro. Results demonstrate IPC analogs inhibit P.

acnes growth with differing potencies and are comparable to standard antibiotics. In

addition, using an in vivo inflammatory acne mouse model, we show IPC analogs have

strong anti-inflammatory activity inhibiting neutrophil infiltration and edema. Moreover,

IPC analogs significantly reduced the induction of several pro-inflammatory cytokines

(e.g. IL-6, KC (C-X-C motif chemokine 1, similar to human IL-8), TNF-Ŭ)in mouse skin.

Human epidermal keratinocytes (NHEKs) exposed in culture to P. acnes upregulate

the production of the pro-inflammatory chemokine Interleukin-8 (IL-8), this was

reduced in the presence of IPC analogs. Interestingly, IPC analogs inhibit the IL-8

secretion induced by a TLR2 ligand in cultured human keratinocytes. Thus, IPC

analogs represent a novel class of topical anti-acne therapeutics, with specific dual

acting anti-inflammatory and antimicrobial properties.

IPC

Chemotype

(e.g. Ras, Rac, Rho, Rab, 

G-protein g-subunits)

G-Protein

G-proteins participate in eliciting inflammatory responses such as the release of pro-

inflammatory mediators, and the migration and activation of inflammatory cells.

Located near the end of each G-protein is a conserved cysteine residue modified with

a prenyl tail (either 15 or 20 carbon side-chain). IPC analogs are structural mimics of

the lipidated C-termini of the Ggsubunit of all heterotrimeric G-proteins, as well as that

of small molecular weight GTPases such as Ras, Rho and Rac.

a P. acnes (1x106 CFU/ml) were incubated with IPC

analogs in 5% DMSO under anaerobic conditions at

37 C for 72 hours. After incubation, OD600 of each

sample was measured to determine bacterial growth.

MIC and IC50 values were determined from inhibitory

growth curves of P. acnes.b MBC range is defined as

the minimal concentration of compound that causes

>99.9% decrease of clone forming units (CFUs) of P.

acnes as compared to the control after 5 hrs

incubation with the corresponding compounds.

Undetectable: no P. acnes colonies were observed.

Primary Human Epidermal Keratinocytes (NHEKs) were pre-treated with IPC analogs for 30 min, then

applied with live P. acnes (1x107 CFU/ml) for 24 hours. IL-8 production was measured by ELISA. IL-8

is C-X-C motif chemokine 8, similar to mouse KC. No cell cytotoxicity of NHEKs was observed at

concentrations shown.

3 x 106 CFU P. acnes in 20 ɛlPBS was intradermally injected into ears of Swiss-Webster

mice following published protocols (Nakatsuji et al., 2008; 2009). Compounds were

dissolved in DMSO and applied subsequent to P. acnes (10 µL to both dorsal and ventral

ear surfaces using a solvent pipette). 24 hours after infection mice were sacrificed and ear

thickness measured using a micro caliper (edema). Using 6-mm punch biopsies for each

ear, MPO activity (a marker for neutrophil infiltration) was measured and sandwich cytokine

ELISAs were performed. Percentage inhibition was determined as the difference between

drug and vehicle treated ears (P. acnes-injected) divided by the difference between P.

acnes and PBS injected ears treated with DMSO. Inhibition % are calculated from means of

at least two experiments.

Primary Human Epidermal Keratinocytes (NHEKs) were pre-treated with IPC analogs for 30 min, then

co-treated with peptidoglycan (PGN, 10 µg/ml) for 72 hours. Subsequently, IL-8 production was

measured by ELISA. All compounds were tested at the concentrations shown. NHEKs were also

treated with LPS, a TLR4 ligand, but no IL-8 induction was observed. No cell cytotoxicity of NHEKs

was observed at concentrations shown.

ÁIPCs possess antimicrobial activity against P. acnes

ÁIPCs inhibit inflammation induced by P. acnes injected

into the mouse ear

ÁIPCs inhibit cytokine accumulation induced by P. acnes

injected into mouse skin

ÁIPCs inhibit IL-8 secretion by human keratinocytes

exposed to P. acnes

ÁIPCs inhibit keratinocyte IL-8 secretion in response to a

bacterial surface TLR2 ligand, suggesting they inhibit the

initial neutrophil infiltration of acne by modulating

keratinocyte TLR2 signaling

ÁIPCs represent a novel class of topical anti-acne

therapeutics, with dual acting anti-inflammatory and

antimicrobial properties

Introduction

1. IPC Analogs: Structural Mimics of G-

Protein C-Terminus

2. IPC Analogs possess antimicrobial 

activity against P. acnes

3. IPC Analogs inhibit  P. acnes induced 

inflammatory responses in skin

4. IPC Analogs inhibit P. acnes induced 

IL-8 secretion in human keratinocytes

in vitro

5. IPCs inhibit IL-8 secretion induced by  

the TLR2 ligand peptidoglycan (PGN) in 

human keratinocytes in vitro

Summary/Conclusions

Compound MICa

(µg/mL)

IC50
a

(µg/mL)

MBCb

(µg/mL)

Doxycycline 2 2 25-50

SIG1244 16 16 10-25

SIG1248 2 1 1-5

SIG1273 2 2 1-5

Compound

(µg/ear)

Edema

Max inhibition (%)

MPO Activity

Max inhibition (%)

Benzoyl Peroxide (500) 0 0

Clobetasol (10) 33 32

Salicylic Acid (400) 0 34

SIG990 (400) 42 36

SIG1244 (400) 50 32

SIG1248 (400) 49 41

SIG1273 (400) 22 35

Compound

(µg/ear)

IL-6

Max inhib (%)

TNF-alpha

Max inhib (%)

KC/IL-8

Max inhib (%)

Benzoyl Peroxide (500) 0 0 0

Clobetasol (10) 59 93 47

Salicylic Acid (400) 1 19 0

SIG990 (400) 30 58 10

SIG1244 (400) 53 100 59

SIG1248 (400) 63 100 63

SIG1273 (400) 41 69 38

Edema and Neutrophil Infiltration (MPO)

Cytokine Accumulation

Isoprenylcysteine


