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Acne is the most common skin disease, causing sig-
nificant psychosocial problems for those afflicted.
Currently available agents for acne treatment, such as
oral antibiotics and isotretinoin (Accutane), have lim-
ited use. Thus, development of novel agents to treat
this disease is needed. However, the pathophysiology
of acne inflammation is poorly understood. Before
new therapeutic strategies can be devised, knowledge
regarding molecular mechanisms of acne inflamma-
tion is required. We report here that transcription
factors nuclear factor-«B and activator protein-1 are
activated in acne lesions with consequent elevated
expression of their target gene products, inflamma-
tory cytokines and matrix-degrading metalloprotein-
ases, respectively. These elevated gene products are
molecular mediators of inflammation and collagen
degradation in acne lesions in vivo. This new knowl-
edge enables a rational strategy for development of
pharmacological agents that can target the inflamma-
tion and matrix remodeling that occurs in severe
acne. (Am J Pathol 2005, 166:1691-1699)

Acne vulgaris is a disorder of sebaceous follicles." Found
primarily on the face and upper trunk (chest and back),
these specialized follicles have prominent sebaceous
glands associated with them. Acne is the most common
skin disease, estimated to affect ~80% of individuals at
some point between the ages of 11 and 30 years.? Al-
though not life-threatening, acne can adversely impact
psychosocial development, and may cause significant
emotional problems, depression, and even suicide.®

Despite its common occurrence, the pathogenesis of
acne is not fully understood. Excessive shedding of ep-
ithelial cells from the walls of follicles combined with
increased amounts of sebum produced by associated
sebaceous glands are two important factors that contrib-
ute to follicular obstruction.*® This obstruction leads to
the formation of microcomedos, which are believed to be
the precursor lesions of acne.® These microcomedos
may evolve into clinically visible comedos (blackheads
and whiteheads) or inflammatory lesions (papules, pus-
tules, or cysts). Propionibacterium acnes (P. acnes) are
gram-positive, anaerobic diphtheroids that are part of the
normal skin flora.® In the generation of inflammatory le-
sions, proliferation of P. acnes in the obstructed follicles is
believed to be critical.®” This is based on in vitro data that
P. acnes stimulate monocytes to produce proinflamma-
tory mediators and chemotactic factors,”® and time-
tested clinical observations that antibiotics that inhibit P.
acnes improve inflammatory acne.

It is a well established clinical fact that inadequate
control of acne inflammation can later lead to scarring.
Scarring is the most unfortunate and undesirable sequela
of acne, because once formed, it is not amenable to
pharmacological treatment and requires invasive proce-
dures such as chemical peels, dermabrasion, or laser
resurfacing to improve its appearance.®'° These proce-
dures are not only costly, but they themselves are asso-
ciated with further risks of scarring and pigmentary ab-
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normalities. Thus, preventing scar formation is a major
goal in the treatment of inflammatory acne.

Currently, inflammatory acne is treated with antibiotics
(both oral and topical) or oral isotretinoin (Accutane).
Although widely used and often effective, antibiotics have
a significant limitation, which is development of resistant
strains of P. acnes.""'~'® Oral isotretinoin is by far the most
effective treatment for severe inflammatory acne, rou-
tinely delivering dramatic improvements.'* ' However,
because of its established teratogenicity, isotretinoin use
has been restricted. Furthermore, the recently publicized,
controversial risk of depression/suicidal ideation has
made isotretinoin use even more problematic.'®'” There-
fore, current treatment options for inflammatory acne are
suboptimum. Rational development of new treatments for
acne necessitates a molecular description of mecha-
nisms involved in acne inflammation in vivo because no
animal model exists. Here we describe the key inflamma-
tory signaling pathways that are activated in facial acne
lesions from human patients.

Materials and Methods

Tissue Samples

We studied skin samples from 16 patients (4 men and 12
women; mean age, 25 years; range, 13 to 39 years) with
inflammatory acne. Before skin biopsy, patients must not
have used any systemic (4 weeks) or topical (2 weeks)
acne medications. Skin of one to two inflammatory lesions
(red raised papules, n = 16, or pustules, n = 2, with aring
of erythema) and an adjacent, uninvolved normal area
was obtained from the face of each patient using a 3-mm
punch biopsy instrument. Routinely used in dermatology,
3-mm punch cleanly cuts a cylindrical core of epidermis,
dermis, and subcutis (fat). After the plug of tissue is
removed, 5-0 prolene suture is placed to close the circu-
lar opening. Seven days after the procedure, the suture is
removed. A 3-mm linear scar is formed, but it blends well
with the surrounding skin and becomes difficult to appre-
ciate, especially on the face. The skin specimens were
OCT-embedded for immunohistological analysis and in
situ zymography, and snap-frozen for all other assays.
The study was approved by the institutional review board
at the University of Michigan, and all patients provided
written informed consent before entering the study.

Measurement of Matrix Metalloproteinase
(MMP) and Procollagen mRNA Levels

Total RNA was extracted using a commercial kit (RNeasy
Mini kit; Qiagen, Chatsworth, CA). One 3-mm punch biopsy
of acne lesion or normal face typically yielded ~1 ug of total
RNA. cDNA synthesis was performed with 0.1 pg of total
RNA, in a volume of 50 ul. Reverse transcription was per-
formed using a TagMan reverse transcription kit (Applied
Biosystems, Foster City, CA). Real-time polymerase chain
reaction (PCR) was performed in duplicate with 2 ul of
cDNA for all genes of interest and an internal control gene
(36B4) using TagMan Universal PCR Master Mix kit (Ap-

plied Biosystems) and a 7700 sequence detector system
(Applied Biosystems). Thus, one 3-mm punch biopsy was
sufficient to quantify expression of at least 100 genes. All
liquid handling procedures were performed with a cali-
brated robotic workstation (Biomek 2000; Beckman Coulter,
Inc., Hialeah, FL) to ensure accuracy and reproducibility.
Target gene mRNA levels (number of molecules/10 ng total
RNA) were quantified based on a standard curve and nor-
malized to 36B4 mRNA levels. PCR primers and probes for
MMP-1, MMP-3, MMP-9, procollagen |, procollagen IIl, and
36B4 (control gene) were produced by a custom oligonu-
cleotide synthesis service (Applied Biosystems). Cycle
threshold (C+) values for genes of interest ranged from ~22
to 28. C value for 36B4 was ~20. Duplicate C; values did
not vary by more than 3%, and were well within the linear
range of quantitation, based on standard curves.

Measurement of Cytokine mRNA Levels

mRNA levels of 12 different cytokines [interleukin (IL)-1«,
IL-18, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12 p35, IL12 p40, IL-15,
interferon (IFN)-y, and tumor necrosis factor (TNF)-a] were
measured using the TagMan Cytokine Gene Expression
Plate | kit (Applied Biosystems). Reverse transcriptase (RT)-
PCR was performed with 18s-rRNA as endogenous control,
and the data were analyzed using a 7700 sequence detec-
tor system (Applied Biosystems).

Western Analysis of MMP-8 Protein

In three patients, MMP-8 protein levels in supernatants from
skin homogenates were determined by Western blot anal-
ysis, as previously described.'® Rabbit polyclonal MMP-8
antibody (Chemicon, Temecula, CA) was used. Equal
amounts of protein (100 pg/lane) were analyzed for each
sample from an acne lesion and uninvolved adjacent skin.

Immunohistology

For immunohistological analysis, 6-um skin cryosections
were air-dried and fixed in paraformaldehyde and pro-
cessed as previously described."® Slides were incubated
(1 hour) with mouse monoclonal antibodies for c-Jun (1:200;
Transduction Laboratories, Lexington, KY), MMP-1 (1:250,
Chemicon), MMP-3 (1:50, Chemicon), MMP-9 (1:50, Chemi-
con), or procollagen | [SP1.D8 developed by Dr. Heniz
Furthmayer and obtained from the Developmental Studies
Hybridoma Bank developed under the auspices of the Na-
tional Institute of Child Health and Human Development and
maintained by the University of lowa, Department of Biolog-
ical Sciences, lowa City, IA; and PIC, a mouse monoclonal
antibody (clone PC8-7, IgG1) obtained from PanVera Corp.
(Madison, WI), which detects procollagen type | C-terminal
peptide antibodies]. Sections were then incubated with a
biotinylated horse anti-mouse antibody (30 minutes) fol-
lowed by avidin biotin peroxidase complex (1/500 for 30
minutes). 3-Amino-9-ethyl carbazole (Sigma Chemical Co.,
St. Louis, MO) was used as chromogen. All sections were
counterstained with hematoxylin. Substitutes of isotype con-



trol immunoglobulin for each primary antibody yielded no
detectable staining.

Immunofluorescence

Seven-um frozen sections were fixed in 2% paraformalde-
hyde and endogenous peroxidase activity quenched with
0.3% H,0,. For nuclear factor (NF)-«B p50, sections were
preincubated with normal horse serum then stained with a
rabbit polyclonal p50 antibody (H-119, 1:100; Santa Cruz
Biotechnology, Santa Cruz, CA). For NF-«B p65, sections
were preincubated with normal goat serum then stained
with a mouse monoclonal p65 antibody (F-6, 1:200; Santa
Cruz Biotechnology). Binding of the antibodies was visual-
ized by biotinylated goat anti-rabbit (Vector Laboratories,
Burlingame, CA) for p50, and by biotinylated horse anti-
mouse (Vector Laboratories) in combination with Texas Red
(Calbiochem, San Diego, CA) for p65. Isotype control im-
munoglobulin that was substituted for each primary anti-
body yielded no detectable staining.

In Situ Zymography

In situ zymography using fluorescein isothiocyanate gel-
atin and resorufin-casein substrates has been described
previously.' Similar procedures were followed with the
use of fluorescein-labeled collagen (Elastin Products,
Owensville, MO) that was coated (4 mg/ml) directly onto
slides without the addition of agarose.

Degraded/Fragmented Collagen

Quantitative assay for collagen fragmentation in skin was
performed as previously described.?®?" Briefly, skin bi-
opsies were homogenized in Tris buffer (20 mm, pH 7.3)
and centrifuged. The pellet, containing the collagenous
extracellular matrix, was resuspended in either Tris buffer
alone or Tris buffer with a-chymotrypsin (75 wg/150 wl)
and incubated for 8 hours at 37°C. At the end of the
incubation period, the reaction tubes were centrifuged at
10,000 X g for 10 minutes. Supernatants were collected
and assayed for hydroxyproline using automated amino
acid analysis. The pellet containing nonfragmented col-
lagen was resuspended in Tris buffer, subjected to acid
hydrolysis (6 N HCI), and then assayed for hydroxypro-
line. The amount of hydroxyproline in the supernatant
(from fragmented collagen) was expressed as a percent-
age of the total (supernatant plus pellet).

Statistical Analysis

Paired comparison of involved acne lesions and unin-
volved skin was the basic structural design of these
studies. Comparisons were analyzed with the paired t-
test for normally distributed data, or the Wilcoxon signed-
rank test for nonnormal data. Summary statistics are pre-
sented as means = 1 SE. All P values are two-tailed. The
data were analyzed with SAS statistical software (SAS
Institute, Inc., Cary, NC).
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Results

NF-kB Is Activated in Inflammatory Acne
Lesions in Vivo

NF-«B is a transcription factor critical for up-regulation of
many proinflammatory cytokine genes.?>2® Human skin ex-
presses p65 (rel-A) and p50 (NF-kB1) that form a functional
NF-kB complex.' In the nonactivated state, p65 and p50
are tethered to the inhibitor IkBa in the cytoplasm, which
primarily prevents the NF-«B complex from entering the
nucleus. However, in response to extracellular proinflamma-
tory signals, IkBa is degraded, thus allowing the NF-«B
complex to translocate to the nucleus where it activates
target gene transcription. Therefore, immunohistology with
antibodies that recognize p50 or p65 show predominantly
cytoplasmic staining (exclusion from nucleus) in the nonac-
tivated state, whereas in the activated state p65 and p50
are mostly localized in the nucleus (solid dot pattern). In
clinically normal uninvolved skin of acne patients, p65 stain-
ing is limited to the cytoplasm, in follicular and perifollicular
epidermis, displaying a chicken wire-type of staining pat-
tern, due to exclusion from the nucleus (Figure 1A). In the
skin of inflammatory acne lesions however, p65 is localized
in nuclei, with a solid dot-staining pattern (Figure 1B). Sim-
ilar staining patterns were seen with anti-p50 antibody (data
not shown). These data clearly indicate that NF-«B is acti-
vated in inflammatory acne lesions in vivo.

Proinflammatory Cytokine Genes Are Activated
in Inflammatory Acne Lesions in Vivo

The finding that NF-«B is activated in inflammatory acne
lesions suggests that transcripts for NF-«kB-regulated cy-
tokine genes may be elevated in lesions. Using real-time
RT-PCR technology, we quantified mRNA levels of sev-
eral cytokine genes in inflammatory acne lesions. Acne
facial lesions had significantly greater mRNA levels of
TNF-a (2.6-fold, P < 0.04), IL-18 (16-fold, P < 0.007),
IL-8 (3015-fold, P < 0.001), and IL-10 (46-fold, P <
0.001) compared to uninvolved normal adjacent skin
(Figure 2). Other cytokine gene transcript levels were not
elevated in acne lesions. mMRNA levels of IFN-vy, IL-1a,
IL-2, IL-4, IL-5, IL-12 (p35 and p40), and IL-15 were
similar in lesional and nonlesional skin. Elevated expres-
sion of IL-8, a well-known chemokine, can serve to attract
circulating cells, into the tissue. Indeed, in lesional skin of
acne, there is a marked increase in the presence of
polymorphonuclear leukocytes (PMNs) (as revealed by
neutrophil elastase staining), as compared to the unin-
volved skin (data not shown). Similarly lymphocytes were
prominently visible in inflammatory acne lesions as com-
pared to normal controls (fourfold increase, P < 0.02;
n = 10).

Activator Protein (AP)-1 Is Activated in
Inflammatory Acne Lesions in Vivo

AP-1 is another important transcription factor involved in
inflammation. Proinflammatory stimuli induce AP-1 gene
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Figure 1. Activation of NF-kB in skin specimens from inflammatory acne lesions. An inflammatory papule (B) and adjacent clinically normal skin (A) were
obtained from acne patients. A component of NF-«B, p65 protein, was detected with biotinylated antibody in combination with Texas Red. p65 protein is stained
red by this technique. A, inset, reveals cytoplasmic staining in a chicken-wire pattern in the epidermis, whereas B, inset, demonstrates a nuclear solid dot pattern.
The specimens are from one subject and are representative of the findings in involved and uninvolved tissue from four patients.

and protein expression. AP-1 is composed of jun and fos
family members. Unlike NF-kB, whose component levels
are relatively constant, AP-1 components may be rapidly
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Figure 2. Enhanced expression of inflammatory cytokines in inflammatory
acne lesions. Skin was obtained from inflammatory papules and uninvolved
areas of facial acne. Tissue specimens were assayed for cytokine mRNA
levels using real-time quantitative RT-PCR. The values shown are means,
with standard errors indicated by the bars. For each cytokine, mRNA levels
were significantly higher in inflammatory acne than in uninvolved control
skin (TNF-a, P < 0.05; IL-1B, P< 0.007; IL-8, < 0.001; IL-10, P < 0.001; 1 =
8). B, uninvolved skin; [, acne lesion.

induced in response to proinflammatory stimuli. In normal
human skin, cJun is limiting, while cFos is continually
expressed at relatively high levels.®* In uninvolved nor-
mal skin, cJun expression is minimal and limited to nuclei
of basal keratinocytes (Figure 3A). In inflammatory acne
lesions, cdun expression is markedly elevated in the nu-
cleus both in follicular and perifollicular epidermis, as well
as in dermal cells, indicating that AP-1 activation has
occurred in these regions (Figure 3, B and C).

AP-1-Regulated Matrix-Degrading
Metalloproteinases Are Elevated in Ache
Lesions in Vivo

A consequence of AP-1 activation is enhanced transcrip-
tion of AP-1-regulated genes. Among the many genes
that AP-1 regulates are several MMPs. Of the many
MMPs identified, MMP-1 (collagenase-1), MMP-3
(stromelysin 1), MMP-8 (collagenase 2), MMP-9 (92-kd
gelatinase or collagenase-4), and MMP-13 (collagenase
3) possess AP-1 response elements in their gene pro-
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Figure 3. cJun, a component of AP-1 transcription factor, is induced in inflammatory acne lesions. An inflammatory papule (B) and adjacent uninvolved skin (A)
were obtained from acne patients. A component of AP-1, cJun protein, was detected by peroxidase immunohistology. A: In uninvolved skin ¢Jun expression is
minimal. In inflammatory acne lesions, however, cJun staining is markedly intranuclear and prominent in follicular and perifollicular epidermis and in dermis (C
is inset of B). The specimens are from one subject and are representative of the findings in involved and uninvolved tissue from eight patients.

moters.?>2” MMP-1 is critical in the degradation of ma-
ture collagen because it initiates site-specific cleavage
within the triple-helical domain of type | and other fibrillar
collagens.?” MMP-8 and MMP-13 are also collagenases
that can initiate collagen degradation. After initial cleav-
age by collagenase, other MMPs, such as gelatinase and
stromelysin, can further degrade collagen fragments.?’
In inflammatory acne lesions, MMP-1 (506-fold), MMP-3
(829-fold), and MMP-9 (12-fold) mRNA levels were sig-
nificantly elevated (P < 0.05, n = 8) compared to unin-
volved facial controls (Figure 4A). Consistent with the
mRNA data, MMP protein expression, revealed through
immunohistology, was markedly increased in the perifol-
licular dermis of acne lesions as compared to the unin-
volved skin (Figure 4B). Neutrophil collagenase, or
MMP-8, as implied in its name, is produced by PMNs,
and is stored within the cell. A consequence of PMN
infiltration into tissue is delivery of MMP-8 to the site,
where on secretion and activation, it can contribute to
matrix degradation. MMP-8 is highly active against type |
collagen.?® Consistent with our findings mentioned above
that numerous PMNs are found in inflammatory lesions of
acne, MMP-8 protein levels, as measured by Western
blot, were markedly elevated (dark thick bands) in le-
sional skin compared to nonlesional skin (Figure 4C).

Collagen-Degrading Enzyme Activities Are
Present, and Degraded/Fragmented Collagen Is
Increased in Skin from Inflammatory Acne, but
Not from Uninvolved Normal Skin

In inflammatory acne, there was a marked loss of fluores-

cence due to collagen-degrading activities around and
within the follicle (Figure 5B). An increase in MMP activity

in human skin in vivo, is expected to produce greater
amounts of degraded/fragmented collagen in the tissue.
A quantitative method of detecting fragmented collagen
was used as a second and independent approach to
address matrix destruction in acne. In the lesional skin of
inflammatory acne, there was a significant 2.6-fold in-
crease (P < 0.04, n = 5) in degraded/fragmented colla-
gen greater than the level present in nonlesional facial
skin (Figure 5C).

Procollagen I and Il mRNA Levels Are Increased
and Procollagen | Protein Levels Are Increased
within Dermal Fibroblasts in Lesional Skin of
Acne

Coincident with increased matrix degradation mediated
by MMPs, derived from resident skin cells as well as
brought into skin via PMNs, we found an increase in
procollagen | and Il mRNA levels in the lesional skin of
inflammatory acne (Figure 6A). Immunohistological stud-
ies with two different procollagen | antibodies (SP1.D8
and PIC) reveal that dermal fibroblasts show greater
intracellular immunostaining, indicative of stimulated pro-
tein synthesis (Figure 6, B and C).

Discussion

The molecular description of inflammatory acne in hu-
man skin in vivo has not been previously made. We
have obtained directly from human facial skin, evi-
dence for activation of intracellular signaling cascades
associated with two important transcription factors in-
volved in inflammation and matrix destruction, NF-«B
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Figure 4. Enhanced expression of AP-1 regulated MMPs in inflammatory acne lesions. Skin was obtained from inflammatory papules and uninvolved areas of
facial acne. For MMP mRNA levels, real-time RT-PCR was used. The values shown are means, with standard errors indicated by the bars. A: For each MMP, mRNA
levels were significantly higher in inflammatory acne than in uninvolved skin (MMP-1, P < 0.008; MMP-3, P < 0.006; MMP-9, P < 0.003; n = 6; B, uninvolved
skin; [, acne lesion). MMP-1, -3, and -9 protein expression levels were assessed by immunohistology. B: Consistent with their mRNA data, the expression of three
MMP proteins (revealed as brown staining) was increased in acne lesions as compared to uninvolved skin. Neutrophil collagenase (MMP-8) expression in
inflammatory acne lesions was assessed with Western blot analyses. An inflammatory papule and adjacent uninvolved skin were obtained from three acne

patients. C: Bands from the Western blot analyses are shown.

and AP-1. The NF-«B pathway was activated as evi-
denced by nuclear localization of p50 and p65 in fol-
licular and perifollicular epidermis in inflammatory
acne. Consistent with NF-kB activation, we found a
marked increase in inflammatory cytokine gene tran-
scripts in active acne lesions. Among those that were
increased were TNF-a and IL-18 (primary cytokines),
which are critically important in inflammation. These
proinflammatory cytokines will not only amplify the
NF-kB signaling pathways that originally led to their
production through cell surface receptor activation (an
autocrine loop), but will also stimulate nearby cells in a
paracrine manner. For example, TNF-a and IL-1B are
known to up-regulate adhesion molecules, such as

ICAM-1 and VCAM-1 on endothelial cells.?®3° Thus,
the recent observation that ICAM-1, E-selectin, and
VCAM-1 expression levels on the luminal surface of
endothelial cells are increased in inflammatory acne
papules may be a consequence of TNF-a and IL-18
induction in the milieu.®" The elaboration of adhesion
molecules is necessary to slow the flow of circulating
inflammatory cells for their eventual diapedsis into the
inflamed tissue.?®°° Elevated levels of IL-8, a well-
known chemokine, found in inflammatory acne lesions
would aid in the recruitment of these inflammatory
cells. Because the IL-8 gene is regulated by NF-«B
elevated IL-8 expression in acne likely arises by NF-kB
activation.®? In addition, as a secondary cytokine, IL-8
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Figure 5. Induction of collagenolytic activity and increased degraded colla-
gen levels in skin specimens from acne patients. Collagenase activity in
inflammatory acne (B) and uninvolved skin (A) was measured with the use
of fluorescein-labeled collagen as substrate. The specimens are from one
subject and are representative of the findings in tissue from three patients.
The green color is fluorescein-labeled collagen that was coated onto a glass
slide. The skin section was laid on top of the slide and incubated for 24 hours
to allow collagenase in the tissue to degrade the fluorescein-labeled collagen
on the slide. Darkened areas, especially noticeable in B (asterisks) are due
to the degradation of colored substrate by collagenase. For C skin was
obtained from inflammatory papules and uninvolved areas of facial acne.
a-Chymotrypsin-sensitive degraded/fragmented collagen was expressed as a
percentage of total skin collagen (ratio of hydroxyproline levels). *P < 0.04;
n = 5; B uninvolved skin; [, acne lesion.

is induced by the primary cytokines TNF-a and IL-1p.
Besides TNF-a, IL-1B, and IL-8, we found significant
elevation of IL-10 in acne lesions. As a well known
anti-inflammatory/immunosuppressive cytokine pro-
duced by lymphocytes, macrophages, and keratino-
cytes,®3735 |L-10 induction may serve as a dampening
mechanism for acne inflammation.

TNF-a and IL-1B acting through their specific cell sur-
face receptors stimulate mitogen-activated protein (MAP)
kinases, which results in induction and activation of AP-
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Figure 6. Type I and type 1II procollagen synthesis is induced in inflamma-
tory acne lesions. An inflammatory papule and adjacent uninvolved skin
were obtained from an acne patient. A: Tissue specimens were assayed for
type I and type III procollagen mRNA levels using real-time quantitative
RT-PCR. Data are expressed as fold greater than the values of uninvolved
skin. 30B4 mRNA was used to normalize the expression level of other genes.
Immunostaining of procollagen I in uninvolved and involved skin was
performed with SP.1D (B) and PIC antibodies (C). Positively stained dermal
fibroblasts are much more numerous in the inflammatory acne lesion, as
compared to the uninvolved skin.

1.36:37 We have previously demonstrated that cJun ex-
pression is limiting for AP-1 activation in human skin in
vivo.?* Therefore, increased levels of TNF-a and IL-18
observed in inflammatory acne would be expected to
induce cJun and AP-1 activity. Indeed, we saw a clear
induction of cJun in follicular and perifollicular epidermis,
as well as in dermal cells of acne lesions. AP-1 is a critical
regulator of induced expression of MMP-1, -3, and -9.
These three AP-1-regulated MMPs were markedly ele-
vated in inflammatory acne lesions. Immunolocalization
of MMP-1, -3, and -9 was predominantly in the dermis,
indicating that the MMPs synthesized in the epidermis
were transported to the dermis. This was not an unex-
pected finding because the MMPs are secreted proteins,
and the basement-membrane zone, which separates the
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Figure 7. Hypothetical model of the pathophysiology of inflammatory acne
and dermal damage. In inflammatory acne lesions, NF-«kB signaling is acti-
vated. As a consequence, NF-kB-driven inflammatory cytokine genes (eg,
TNF-a and IL-1B) are induced. These primary cytokines will propagate the
inflammatory response by acting on endothelial cells to elaborate adhesion
molecules (eg, ICAM-1) to facilitate recruitment of inflammatory cells into the
skin. TNF-a and IL-1B will also stimulate the production of secondary
cytokines, such as IL-8, which can aid in chemotaxis of inflammatory cells. By
working through their cell surface receptors, TNF-a and IL-18 not only
amplify the NF-«B signaling cascade, but also activate MAP kinases to
stimulate AP-1-mediated gene transcription. As a consequence of AP-1 acti-
vation (cJun induction), AP-1-driven MMPs are elaborated by resident skin
cells. Along with MMP-8 and neutrophil elastase brought in by PMNs, they
degrade the matrix. This is followed by matrix synthesis and repair, which is
imperfect. Most of the imperfections would leave clinically undetectable
deficits in the organization or composition, or both, of the extracellular
matrix. However, when they occur to a significant extent throughout time,
accompanied by sustained procollagen synthesis, acne scarring becomes
clinically visible.

epidermis from the dermis, readily allows the passage of
proteins between the two compartments.®®3° Together,
these MMPs were very efficient in degrading collagen
matrix as evidenced by in situ zymography. More than a
2.5-fold increase in degraded (fragmented) collagen in
the lesional skin of acne provided an independent, quan-
titative confirmation of matrix breakdown in inflammatory
acne. The degradation of dermal matrix will be followed
by its synthesis and repair, which cannot be perfect.
Indeed, we found that expression levels of procollagens
| and Il are elevated in inflammatory acne lesions, and
this was accompanied with an increase in transforming
growth factor-B1 (data not shown). Most of the imperfect
wound healing response would leave clinically undetect-
able deficits in the organization or composition, or both,
of the extracellular matrix. However, if such imperfections
occur to a significant extent throughout time, along with
sustained and marked increase in procollagen synthesis,
acne scarring may become clinically noticeable.
Although clinical manifestation of inflammatory acne is
unique, our findings indicate that molecular pathways
that drive the inflammatory state are not. Thus, the

unigueness of acne inflammation is not in the nature of
the signaling cascade but in the localization of the pro-
cess (ie, specialized sebaceous follicles). Future studies
are needed to determine the importance of local milieu in
initiating the inflammatory cascade in acne. Studies such
as ours with tissue directly acquired from human patients
cannot typically achieve the same level of mechanistic
depth and/or proof of causality, relative to those using
more tractable animal and in vitro systems. Nonetheless
our work on human acne is the first of its kind as de novo
research, and provides valuable information on the dis-
ease processes in man. An acne model derived from our
study identifies several novel pharmacological targets to
interrupt the inflammatory acne process (Figure 7). In-
deed, some anti-inflammatory activity observed with the
use of oral antibiotics may relate to their action in the
inflammatory cascade. With growing difficulty in using
oral antibiotics and isotretinoin, understanding molecular
mechanisms of acne inflammation and scarring will en-
able newer approaches to combat this common and
often disfiguring skin disease.
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