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Abstract

Since first recognized in 1839, the pathogenesis of acne inversa (Al) has undergone
repeated revisions. Although there is agreement that Al involves occlusion of hair
follicles with subsequent inflammation and the formation of tracts, the histologic pro-
gression of this disease still requires refinement. The objective of this study was to
examine the histologic progression of Al based on the examination of a large cohort
of punch biopsies and excisional samples that were examined first by hematoxylin
and eosin staining. The most informative of these samples were step-sectioned and
stained by immunohistochemistry for epithelial and inflammatory markers. Based on
this examination, the following observations were made: 1) Al arises from the ep-
ithelium of the infundibulum of terminal and vellus hairs; 2) These form cysts and
epithelial tendrils that extend into soft tissue; 3) Immunohistochemical staining dem-
onstrates the epithelium of Al is disordered with infundibular and isthmic differentia-
tion and de novo expression of stem cell markers; 4) The inflammatory response in Al
is heterogeneous and largely due to cyst rupture. The conclusions of this investigation
were that Al is an epithelial-driven disease caused by infiltrative, cyst forming tendrils
and most of the inflammation is due to cyst rupture and release of cornified debris
and bacteria. Cyst rupture often occurs below the depths of punch biopsy samples
indicating their use for analysis may give an incomplete picture of the disease. Finally,
our data suggest that unless therapies inhibit tendril development, it is unlikely they

will cause prolonged treatment-induced remission in Al.
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1 | INTRODUCTION

Hidradenitis suppurativa is a painful and debilitating inflammatory
disease of the skin and subcutaneous tissues that originates from
hair follicles. First recognized in 1839, its aetiology and pathogenic
mechanisms remain a matter of debate.!> Even nomenclature is a
source of contention. Most widely used is “hidradenitis suppura-
tiva” although there is uniform agreement that this disease does
not represent a primary hidradenitis.>™> Another suggested name
is “acne inversa” (Al) so called because the disease most commonly
affects the axillae, inguinal and perianal regions, the “inverse” of
acne vulgaris, which is a true statement but does little to assist in
understanding a disease that is not only anatomically but also clin-
ically and histologically very different from acne vulgaris.®™® Still,
it is accurate in what it purports to define and for that reason, is
used herein.

The confusion about nomenclature is an indication there is still
much to learn about Al. A recent review described eight major gaps
in understanding and treatment of Al. Two of these gaps are funda-
mental: (1) a need to define the natural history of Al by determining
the sequence of disease progression and (2) improved clinical-patho-
logic correlation by defining the histologic features of specific Al
lesions across the disease spectrum.! This report represents an
attempt to fill these gaps without which any advancement in de-
veloping optimal therapies or understanding response outcomes
(currently dependent on clinical assessments by methods such as

the Hurley score) are greatly hindered.

2 | MATERIALS AND METHODS

2.1 | Case selection

This study was based on the examination of excisional and punch
biopsy samples from patients with Al. The diagnosis was established
by either clinical presentation or by confirmatory histopathology
reports. Samples included 177 formalin-fixed, paraffin-embedded
blocks representing 13 punch biopsies from eight patients and 157
blocks of excised tissue from 57 patients. Excisional tissues from
eight patients were obtained prospectively. These were submitted
intact, immediately placed in formalin and bread loafed during trim-
ming so the entire sample could be evaluated histologically (Figure
S1). In addition, diseased samples were compared with non-lesional
skin samples from six Al patients and excised normal skin samples
collected during breast reduction surgery. Although samples were
deidentified, available demographics are listed in Table S1. Clinical
Hurley scores were not available, but all samples were from patients
requiring surgical excision or in the case of the punch biopsies, pa-
tients with severe disease. Samples examined were obtained after
approval by the Human Research Ethics Committees at each respec-

tive institution.
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2.2 | Pathologic evaluation

All samples were processed routinely and sectioned at 4 pm.
Haematoxylin and eosin (H&E) staining was performed on a Leica
ST5010 autostainer. All H&E stained slides were evaluated for a
spectrum of histologic features attributed to Al.*77723 At the same
time, the lesions were examined to identify a continuum of changes
that defined the evolution of Al from histologic inception until fully
developed. This examination demonstrated excisional samples were
much more informative and their examination was emphasized.
Because all the tissue from the eight prospectively obtained sam-
ples was trimmed for histologic assessment, the 99 blocks obtained
from these patients were used to quantify the number of affected
and unaffected follicles as well as to quantify tracts that were lined
or not lined by epithelium. In addition, 20 blocks from these eight
patients were selected as being most representative and instructive
based on number of lesions at different stages of development and
sample depth. These were sectioned deeper to evaluate the extent
of the lesions and were evaluated for IHC markers on serial sections
that defined epithelial as well as inflammatory components of the
disease and for the presence of proliferation and bacteria (Gram's
stain) (Table S2). Immunohistochemistry (IHC) was performed on a
Leica Bond RX automated immunostainer. All slides were digitized
using a Pannoramic 250 scanner (3DHISTECH Ltd.).

3 | RESULTS

3.1 | Epithelial changes

The earliest histological change in Al was hyperplasia of the outer
root sheath of the follicular infundibula, associated with a dilated
lumen filled with cornified debris. Luminal hair shafts were occa-
sionally present. This alteration was common in excisional samples,
involved vellus and terminal hair follicles, and multiple early lesions
could be present in a single section. (Figure 1), From these diseased
infundibula, protuberances of the cystic infundibulum (defined as
“tendrils”) extended laterally and beneath the sebaceous duct (the
anatomic limit of the infundibulum) (Figures 2 and 3). Quantitation
of infundibular regions from large, completely excised samples iden-
tified 356 follicles; from these, 198 follicles (56%) had histologic
evidence of early Al changes (defined as hyperplasia of the infun-
dibular outer root sheath with early tendril formation and often,
keratin plugging with infundibular dilation) or more advanced fol-
licular lesions.

As lesions progressed, tendrils extended deeper into the dermis
and subcutaneous fat. In fully developed lesions, best defined on
continuous sections, there was an interconnecting labyrinth of infil-
trative keratinizing epithelium that formed cysts away from the in-
fundibula from which they arose. Tendrils developed independent of

substantive inflammation and represented a defining and distinctive



DUNSTAN ET AL.

822 :
WI LE Y-S B Y

FIGURE 1 An excisional biopsy from a patient with Al. All
infundibula in this section demonstrate early to progressive lesions
defined by hyperplasia of infundibular outer sheath epithelium
(black asterisks define terminal follicles, red asterisks define

vellus follicles). There are also small tendrils extending from the
hyperplastic epithelium (arrows). H&E stain, magnification 1.4x

feature of Al (Figure 2). In deeper regions in fully developed Al, there
were separations in soft tissues, usually associated with areas of
abscessation. These “tunnels” typically were arranged in the same
labyrinthine pattern of intact infiltrative tendrils and were consis-
tent with necrosis of the epithelial lining as the inflammation often
contained keratin shards and/or remnants of the lining epithelium
(Figure 3). Fully developed lesions generally extended deep in the
dermis below the limits of a standard biopsy punch (Figure S4).
Because the large, excisional samples included deeper soft tissues,
they were also used to define tunnels and tendrils. In these 99
blocks, deeper lesions of Al were identified in 85 (86%). Of these,
17 (20%) of the tunnels were devoid of any epithelial lining, 65 (76%)
were partially epithelial-lined and 3 (4%) were composed of tendrils
and cysts without tunnel formation.

There was no histologic evidence that apocrine glands or ducts
were associated with the development of Al at any stage of the disease.

To further define the epithelial component of Al, the expression
of a variety of epithelial proteins and the proliferation marker, Ki-67

were defined by IHC and compared with hair follicles identified in
non-diseased skin samples (Table 1). Keratin 5 (K5) expression was
used as a consistent epithelial marker throughout disease develop-
ment (Figure S5).

Regions of the hair follicle are defined by patterns of epithelial
marker expression including infundibulum (K10), outer root sheath
(K17, K19, nestin) and stem cells (K15, K19, nestin). Tendrils and cysts,
even those in deep soft tissues, had cornifying regions highlighted
by K10 (a marker of infundibular differentiation) alternating with
non-cornifying regions demonstrating outer root sheath differentia-
tion (K17, K19, nestin). Early lesions (i.e., those above the sebaceous
duct) also expressed K10. Hyperplastic ostial openings of draining
tracts displayed K10 expression with occasional evidence of outer
root sheath immunophenotype. Open spaces in tissues (“tunnels”)
often intermixed with suppurative inflammation generally contained
K10 positive squames, consistent with cyst/tendril necrosis. The ex-
pression of nestin, K19 and K15 were considered evidence of stem
cell differentiation. This was especially true for nestin and K19 ex-
pression which were generally in deep, non-cornifying regions struc-
tures and were co-expressed with K17. Stem cell immunopositivity,
coupled with the variability, and intermixing of the other epithelial
markers were consistent with a disordered pattern of cornification.
In none of the samples examined, there was evidence of hair matrix
differentiation.

Ki67 was diffusely expressed among basal cells and in regions,
a few cell layers suprabasally. The leading edge of the tendrils often
was positive for this proliferation marker but was not increased
when compared to lateral tendril walls, the cyst walls or the epider-
mis (Figure S6).

3.2 |
in Al

Characterization of the inflammatory reaction

The hyperplastic infundibula were associated with a variable but
generally mild, mixed mononuclear inflammatory response, and

FIGURE 2 Tendrils are a defining
feature of Al. They develop early in the
disease before rupture of the infundibular
lumen. (A) Early tendrils (arrowheads)
from a follicular infundibulum. (B) More
extensive and deeper extension of tendrils
(arrowheads) with the formation of a

new cyst (asterisk). (B). Higher power

of tendrils defining their growth does

not require substantive inflammation

to progress. H&E stain, magnification
A=3.6,B=1.6x,B1=16.5x
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FIGURE 3 Severely inflamed Hurley
stage lIl. There are many continuous and
interconnecting tendrils/cysts extending
into deeper soft tissues (asterisks), best
defined by IHC staining for K5 in (B). The
presence of tendrils extending into deep
soft tissues indicts that they can develop
in spite of intense inflammation. (A) = H&E
stain; (B) = immunostaining for K5, fast
red chromogen, haematoxylin counter
stain, magnification both images, 0.7x

(B

rupture of cysts was uncommon when cystic infundibula were above
sebaceous gland ducts (Figure 1). At a minimum, this inflammatory
response was present from early through fully developed lesions.
However, intense regions of inflammation required cyst rupture. This
was best defined in excisional samples where the lesion was limited
to isolated, clearly defined, unconnected, ruptured cysts consistent
with Hurley stage I. Here, the cyst was surrounded by a severe in-
flammatory reaction that infiltrated the cornified centre (Figure S7).
In fully developed (Hurley stage Il or Ill) lesions with more diffuse in-
flammation, a ruptured cyst or tendril may not be clearly defined but
its prior presence was confirmed by epithelial remnants of the cyst
wall and/or shards of K10+ keratin in the inflammatory milieu (Figure
S8). Presumptively, although cysts might rupture from mechani-
cal trauma, in some regions, neutrophils were identified breaching
the walls of cysts that contained luminal bacteria suggesting a role
for bacteria in the pathogenesis of Al (Figure S9). Associated with
the inflammation was active fibroplasia with neovascularization.
Peripherally, the cellularity of fibroblasts decreased with replace-
ment by abundant collagenous stroma representative of the scarring
noted as a clinical feature of Al.

Even without the benefit of IHC, the heterogeneity of the in-
flammatory reaction could be defined. Neutrophils, lymphocytes
(including plasma cells), macrophages (sometimes epithelioid or
multinucleate), eosinophils and mast cells were largely intermixed,;
however, the composition and intensity of the inflammatory mi-
lieu changed depending on proximity to ruptured cysts. The most
abundant inflammatory cells associated with cyst rupture were neu-
trophils (defined by MPO); however, after this early neutrophilic in-
filtration, there was little consistency in the types of inflammatory
cells associated with active regions of inflammation around ruptured
cysts other than foci of abscessation where again, neutrophils pre-
dominated (Figure S10).

The most abundant cells were IBA-1+ (generally considered
a marker for monocyte/ macrophages). These cells were diffusely
and densely scattered in soft tissues around regions of cyst rupture.

Dendritic cells, defined by CD11c expression, were much less abun-
dant and were only identified where IBA-1 immunopositivity was
present suggesting proximity was mandatory or that the CD11c-
positive cells represented a subpopulation of IBA-1+ cells. CD4+
cells were also diffusely scattered in highly inflamed areas. CD8+
cells were a minor component of the infiltrate. Both CD4+ and CD8+
cells demonstrated infiltration into epithelial structures.

B cells as defined by CD20 immunopositivity were diffusely scat-
tered but were also present as lymphoid nodules whereas CD138
expressing plasma cells were more diffusely intermixed with other
inflammatory cells and were more abundant. Although there was
variability, in most samples examined, B cells (CD20+ plus CD138+
cells) at least as common as T cells (small CD4+ plus CD8+ cells)
(Figure S10).

Examination of peripheral regions, above or lateral to highly in-
flamed areas of tissue, revealed not only less inflammation, but also a
different composition of immune cells (Figure S11). Here, CD4+ and
IBA1+ cells comprised the most abundant cell population and CD8+
T cells, B cells and CD11c+ cells and neutrophils were relatively rare
with plasma cells being more abundant in the superficial dermis than
CD20 cells+. Mast cells (defined by c-kit immunopositivity) and eo-
sinophils (defined morphologically) displayed variable distribution,
from moderately abundant to uncommon.

4 | DISCUSSION

Based on our analysis, Al originates from the infundibulum of hair
follicles with extension by cyst-forming tendrils into deeper soft
tissues. The inflammatory response is largely secondary to recur-
rent rupture of continuously forming keratin-filled tendrils and
cysts that contain bacteria (Figure 4). The defining histologic fea-
ture of Al is the presence of tendrils—extensions of squamous epi-
thelium that infiltrate into surrounding tissues. These have been
mentioned and depicted in previous reports but not particularly
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FIGURE 4 Proposed histologic progression of Al (not to scale). (A) Lesions start with hyperplasia of the infundibular outer root sheath.
(B) From the infundibulum, branching tendrils extend in adjacent soft tissues. (C) As lesions evolve, cornified cysts form and from these
cysts, new tendrils form that can have cornified lumens. (D) Although mild inflammation can occur at all stages of development, substantive
inflammation is associated with a breach in the cyst or lumen wall and extrusion of luminal cornified debris and bacteria. (E) As inflammation
intensifies cysts can be destroyed and necrotic tendrils result in the formation of non/minimally epithelial-lined tunnels

emphasized.#7?71316.1719.21.24-29 A hrevailing view describes tendrils
(often called sinus tracts or tunnels) as a late feature of the disease
(i.e., developing after a cyst has ruptured) and that they form from
epithelial remnants of ruptured cysts.”??4-28 |n contrast, our obser-
vations concur with those of Kurokawa et al,?* 2008, that the ten-
drils developed early in the disease. In addition, inflammatory lesions
seldom developed in the acroinfundibulum (the region of the infun-
dibulum closest to the to the external opening of the follicle).?19%3
Finally, there was no histologic evidence that tendril development
was inhibited or stimulated by inflammation.

The transition of normal infundibula to those with histologic fea-
tures of Al is extensive in patients requiring surgical excision. Fifty-
six per cent of follicles examined from eight, large excisional samples
in which all tissue was processed had evidence of this transition, and
this was an underestimate as not all follicles counted had infundib-
ula. These data indicate that chronic Al is a diffuse and active, albeit
generally regional disease consisting of tunnels that originated from
these early infundibular changes. Why some of these follicles form
infiltrative, cyst-forming tendrils whereas most do not, remains to
be determined. On examination of deeper, soft tissue lesions in the
same blocks used to define early follicular changes, evidence of ten-
drils and tunnels were present in 86% of the blocks, an indication of

extensive and destructive features of longstanding Al. In addition,
76% of tunnels had regions of epithelial lining demonstrating an as-
sociated pathogenesis. This observation coupled with the evolution
of tendrils that formed cysts with subsequent rupture defined the
progressive nature of Al.

From a disease progression perspective, it is helpful to consider
“tendrils” as intact, dissecting epithelial cords, often with lumi-
nal cornification. When a tendril dilates, being filled with corneo-
cytes, the term “cyst” is appropriate. The term “tunnel” represents
a late feature of fully developed and highly inflamed regions where
there is extensive necrosis of tendril epithelium and the path of the
tendril is lined by none or occasional areas of intact epithelium.%°
Histologically, tunnels appear as a separation of soft tissues. The vi-
sualized separation is because tunnels contain fluid, largely suppu-
rative inflammation and often cornified debris that could be defined
by K10+ immunostaining.

As lesions resolve, these areas close and are replaced by con-
nective tissue. The extensive inflammation of soft tissues in Hurley
stage Il or Il is a reason why scarring is extensive as Al resolves.
Although it is possible that new tendrils can develop from remnants
of cyst wall epithelium that focally line tunnels after cyst rupture,
this does not represent a major mechanism of tendril formation.
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Kurokawa also believed that an “invagination of the epidermis
may result in the formation of infundibulum-like epithelium that pro-
trudes into the deep dermis as an epidermal cyst."24 Foci suggesting
this phenomenon were noted; however, when examined by deeper
sections in our cohort, these epidermal invaginations never evolved
into fully developed lesions of Al and all fully developed lesions of Al
could be traced back to a hair follicle.

Al has also been described as a disease exclusively of terminal
hair follicles’; however, we regularly observed cyst-forming tendrils
arising from vellus hairs. This is in concurrence with Kurokawa's
statement “It is very dubious that Al predominately affects termi-
nal hair follicles”.>* Whether or not vellus hairs have apocrine glands
or whether all terminal follicles in apocrine-gland bearing skin have
apocrine glands remains undefined.33% In this study, deeper sec-
tions of affected vellus hairs appeared to lack duct insertions in the
infundibulum suggesting Al is not only not a hidradenitis, it may not
even exclusively be a disease of apocrine follicles. This could explain
why Al can occur in sites devoid of apocrine glands.34 As has been
reported previously, even on serial sections, there was no evidence
that apocrine glands or ducts were associated with the development
of Al at any stage of the disease.*

The expression of intermediate filament proteins by IHC fur-
ther demonstrated the progression of Al. Early lesions with features
of comedoes were K10+ and K5+, consistent with the expression
pattern in the infundibulum.®>38 As lesions evolved with the for-
mation of tendrils and cysts, the expression pattern was more ran-
dom with the infundibular pattern described above intermixed with
non-cornifying regions defined by the expression of K17, K19 and
nestin—proteins whose expression is normally restricted to the
outer root sheath.??-*3 The expression of K15, K19 and nestin also
suggested pluripotentiality as they have been described as stem cell
markers.**=44 Finally, this intermixing of infundibular and isthmic in-
termediate filament expression in deep, fully developed lesions and,
occasionally, the presence of K17 and nestin in superficial draining
tracts in Al indicated non-neoplastic but disordered maturation.

In the first detailed assessment, IHC assessment of the sinus
tracts in Al, Kurzen et al, 1999, defined three phenotypes of strat-
ified squamous epithelium.” Type | was cornifying and K10+. Type
Il was non-cornifying and negative for K10 but positive for K13
consistent with the pattern we observed with K17 staining. Type
11l was non-cornifying, marked by the presence of K7 and K19, and
was thought to be a response to highly inflamed regions..” In this
investigation, we were unable to confirm the association of K19 with
inflammation. K19 immunopositivity was always present in deeper
sub-sebaceous duct regions which were typically more severely in-
flamed; however, there were regions with intense inflammation that
were K19- and regions with minimal inflammation that were K19+.
These results also differ from those of Kurokowa et al,*® where K19
staining was not identified.

The inflammatory response associated with Al is extremely
heterogeneous and composed of neutrophils, numerous CD4+ and
CD8+ T cells, abundant CD20+ B cells, plasma cells, monocytes/
macrophages, dendritic cells, eosinophils and mast cells and is most

intense around ruptured cysts. The initial alteration in cyst rupture
was defined by an infiltration of neutrophils extending into a corni-
fied cyst lumen that occasionally contained Gram+bacteria. The
concept of follicular wall fragility as an initiator of inflammation in Al
was not confirmed.”** Also, the thinning of the basement membrane
in this region is not strong evidence of defective follicular support.t!
Dissolution of the basement membrane is a characteristic feature
of cancer invasion and, although not analysed in this study, is more
likely a feature of tendrils as they extend into deeper soft tissues.*®

Using an Occam's razor approach suggests that the inflamma-
tory response in chronic Al represents largely a recurrent foreign
body inflammatory response. This hypothesis does not dispute the
immune-mediated basis of this disease. That a large portion of the
inflammatory response is directed against extruded, antigenic ker-
atin, also agrees with the concept that Al is “autoimmune/autoin-
flammatory”, but these characterizations do little to explain the
pathogenesis of Al.

From a histologic perspective, the inflammatory response in Al
represents an activation of the entire panoply of the immune re-
sponse: innate, adaptive, T cell, B cell, myeloid and dendritic cells
in reaction to cyst-forming, infiltrative tendrils that rupture, con-
tinuously releasing immunogenic keratin shards and commensal
bacteria. 22527

That a mild inflammatory reaction is present around early lesions
has been used as evidence that inflammation is a primary driver for
AL#2125 However, by the time a sample is obtained for histologic
evaluation, the disease is already “chronic” meaning that the diverse
immunologic reactions that are associated with Al are in play. Thus,
a, residual superficial perivascular response would be expected.
This would be especially true for samples that require surgical exci-
sion.??25 Second, any abnormal epithelial extension into the dermis
whether of epidermal or follicular origin (i.e., tendrils) will incite in-
flammatory response. The inflammation associated with cutaneous
neoplasms both malignant (squamous cell carcinomas) or benign
(keratoacanthomas) has long been recognized.*”4®

Perhaps the main reason why the aetiology of Al remains unde-
fined is because it has such unique clinical and histologic features.
Described as an “infiltrative growth of proliferating non-malig-
nant keratinocytes,” Al has some overlapping features with a car-
cinoma.*? Clinically, it does not respond well to anti-inflammatory
therapies and surgical excision may be curative.’°-? Histologically,
lesions are large, poorly circumscribed and asymmetric with tendril
extension deep into soft tissues. Immunohistochemistry defines a
disordered distribution of intermediate filaments and de novo ex-
pression of stem cells. Against Al being a malignancy is the absence
of atypia, lack of vascular invasion or metastasis, the potential for
spontaneous remission and evidence that it arises multifocally (i.e.
not from a single clone). Most importantly, true malignancies have
developed from patients with long standing Al.>®

Except for dissecting cellulitis of the scalp, we are unaware of
any other inflammatory disease that can induce a response in epi-
thelium that mimics the tendrils in AL.>#7>® Most analogous to Al are

perianal fistulas associated with Crohn's disease (a disease that has
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been associated with Al).>”>® However, the pathogenesis of perianal
fistulas is different in that they are thought to arise from a deep ulcer
and then re-epithelialize, just the opposite of Al tendrils that extend
into tissues and then undergo necrosis.>*¢°

The tendril hypothesis also characterizes Al primarily as a dis-
ease where the most informative changes are generally beneath the
depth of a standard biopsy punch. In this study, punch biopsies did
not capture the tendrils and the labyrinth-like interconnectivity or
the heterogeneous inflammatory response (i.e., B cells, CD8+ cells,
etc.) that characterize deeper, active disease.?* Thisis why we limited
detailed analysis to excisional samples. Relying on punch biopsies
for molecular analyses may therefore lead to incomplete sampling
of this process. A recent meta-analysis of inflammatory cytokine
associations with Al identified 19 references that included 564 in-
dividual Al patients and 198 controls.®! Of these, only two studies
(a total of 51 patients) based their examinations on excisional sam-
ples rather than biopsies. Both primarily relied on IHC, the first used
quantitative PCR for molecular analysis and the second Western
blot.®?3 This may be a reason for the variance between measured
levels of cytokines across the reported studies (only 21.8% of the
23 cytokines reported by more than one laboratory resulted in con-
firmatory conclusions).®! These results indicate that the molecular
biology of tendrils and active deep lesions have not been adequately
examined. Because of the depth, random infiltration of tendrils and
heterogeneity of the inflammatory response, future analyses of Al
should take advantage of emerging spatial transcriptomic methods
for gene expression and small sample proteomics to evaluate ade-
quately sampled deep lesions.®*%°

The current development of medical therapies for Al is based
largely on inhibiting the inflammatory component of the disease.®® The
evidence presented here suggests that if infiltrative tendrils are the
driving force for Al and if tendrils develop independently of the inten-
sity of the inflammatory reaction, then anti-inflammatory therapies will
be ameliorative but not curative. This is demonstrated in a double-blind
placebo-controlled investigation in the use of adalimumab to treat Al
where there was no clinical improvement compared with the placebo
group after week 2 of a 12-week study and when disease progres-
sion was followed for an additional 24 weeks there was no difference
between the two groups.67 From the tendril hypothesis perspective,
we propose that the effects of anti-transforming growth factor alpha
treatments work primarily by diminishing the inflammatory component
of the disease and may not adequately control the tendril infiltration.
We contend that anti-inflammatory treatments are useful, but more
effective therapies need to control tendril infiltration and achieve more
effective, long-term therapeutic response. Until then, surgical excision
will remain the treatment of choice for Hurley stage Il or Il disease.”® 2

In conclusion, the data presented here provide evidence that Al
is a unique, epithelial driven disease due to infiltrative, cyst-form-
ing tendrils and most of the inflammation can be explained by con-
tinuous cyst rupture and release of immunogenic cornified debris
(Figure 4). The resultant inflammatory response is extremely hetero-
geneous with evidence of abundant T cell, B cell and myeloid (includ-
ing mast cell) populations. That cyst rupture often occurs below the
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depths of samples obtained by punch biopsies indicates the analysis
of punch biopsies may not be representative of the disease. Finally,
although anti-inflammatory treatments may help ameliorate Al, un-
less they impact on tendril infiltration, it is unlikely they will result in
prolonged treatment-induced remission.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

Appendix S1. Table S1. Demographics and clinical data (where avail-
able) from the 58 subjects used in this study.

Table S2. Summary of the histochemical stains used in this study.
Figure S1. Gross photograph demonstrating the trimming technique
used to examine all regions from a formalin-fixed excisional sample
of Al

Figure S2. Early Al lesions. A. Al arises from the infundibula of the
outer sheath as comedones surrounded by a hyperplastic epithe-
lium. Inflammation is minimal (inset). B. As lesions evolve, cyst ex-

pands beyond infundibular boundaries (i.e., below the sebaceous
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gland duct). H&E stain, magnification: A = 5.1x (inset, 19.1x); B =
1.9x.

Figure S3. One hundred consecutive 5 pm sections were made from
the lesion in Fig. 2B. A= Section 1, B= Section 37, C= Section 54, D
= Section 90. What initially appears as a single cyst forms smaller,
interconnected, smaller, cystic structures. There is a small, focally
intense region of inflammation suggesting a future breach in the cyst
wall (arrows). H&E stain, magnification, 1.4x.

Figure S4. Sections from several examples of Al demonstrating the
depth to which lesions can extend. A. Infundibulum is the same de-
picted in Fig. 2B and C represent Hurley stage Il disease. Asterisks
represent the lumens of “tunnels” that are minimally lined by epi-
thelium. The dotted line across figures measures 7 mm, the depth
of a standard biopsy punch. In both C and D, the dermal lesions are
lateral to their epidermal openings demonstrating the difficulty in
defining dermal lesions by clinical examination of the skin surface.
D1 represents a vellus hair from which the lesion arose. All figures
(except D1) taken at the same magnification. H&E stain, Figures A-D,
magnification 0.5x, Figure D1, magnification 8x.

Figure S5. Demonstration of differential staining of intermediate
filaments in Al. Row 1 defines changes in an early Al as defined by
staining above the sebaceous gland duct. Row 2 is a low power view
of intermediate filament expression across a fully developed (Hurley
stage Ill) lesion. Row 3 defines expression of deep Al epithelium. K5
serves as a marker for epithelium throughout. K10 defines cornifying
epithelium (normally there is no K10 expression below infundibulum),
Staining for K15 is variable and may be expressed above and below the
sebaceous duct. K17 is a proliferation marker and defines the prolifer-
ative features of Al. K19 and nestin can be considered stem cell mark-
ers that normally are expressed in the outer sheath epithelium below
the infundibulum. H&E and IHC with fast red chromogen, hematoxylin
counterstain, magnification Row 1=5x, Row 2=0.5x, Row 3=3.2x.
Figure Sé6. Ki67 immunohistochemistry of an infiltrating region of
Al. There is diffuse expression primarily along the basal cell layer;
however, the leading edge of a tendril (arrowhead) does not express
greater proliferative activity than the lateral boundaries. IHC with
fast red chromogen, hematoxylin counterstain, magnification 7.3x.
Figure S7. Two examples of changes consistent with Hurley stage |
lesions. The inflammation is in the mid dermis and centered around
a ruptured cyst with a cyst wall that is only partially intact (insets).
The arrows in both figures are pointing to the remnants of the cyst
wall. H&E stain, magnification A and B = 0.5x, Insets A1 = 3.3x, B1
=2.9x.

Figure S8. Example of a deep region of Hurley stage Ill disease.
There are numerous intersecting tunnels (asterisks). A. K5 staining
demonstrates that there is a loss of epithelium lining these tracts. B
and C. K10 staining demonstrate shards of keratin associated with
these tunnels consistent with a ruptured cyst or necrosis of a corni-
fying tendril. A = H&E stain; B = immunostaining for K5, C and D,
immunostaining for K10, all using fast red chromogen, hematoxylin
counter stain, magnification A, B, C = 1.6x, D = 2.4x.

Figure S9. Early breach of cyst wall in the deep dermis of Hurley
stage Ill disease. A and B. There is a migration of neutrophils
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through the cyst wall into the lumen containing cornified debris.
Associated with the cornified debris are Gram + coccoid and coc-
cobacillary bacteria (short arrows) that may be recognized by com-
munication of keratinocytes/epidermal antigen processing cells. A
and B, H&E stain; C, Grams stain, magnification A = 3.4x, B =15.2x,
C =40x.

Figure S10. Heterogeneous infiltration of inflammatory cells in an
area of active inflammation in Al. The reaction contains abundant
macrophages, dendritic cells, T-cells, Bcells (including plasma cell)
components. Neutrophils are not wellrepresented in this region al-
though other areas contain abscesses composed primarily of MPO+
cell. The distribution of mast cells (c-Kit) is representative where their
numbers appear relative to inflammatory intensity and they are not
present as a predominant inflammatory cell population. Eosinophils
(asterisks) vary from sample to sample and in most samples were
much less common than mast cells. H&E and expression defined by
IHC identified by labels. IHC images: fast red chromogen and hema-
toxylin, magnification, H&E stain upper left, 0.9x, H&E stain lower
right, 82.3x, all other figures, 10X.

Figure S11. Difference in inflammatory intensity and composition in a
region of the superficial dermis over an active Al lesion compared to a
deeper, more active inflamed area adjacent to an inflamed cyst (com-
pare with Sup Fig 10). Monocytes/macrophages and CD4+ T-cells are
abundant but in comparison, CD8 cells, B-cells (including plasma cells),
CD11c+ dendritic cells, and neutrophils are underrepresented. Mast
cells correspond with inflammatory intensity. Note that CD138 is ex-
pressed in basal/suprabasal keratinocytes and c-Kit is expressed in
melanocytes. Histochemical and IHC immunopositivity identified by
labels. IHC images: fast red chromogen and hematoxylin, magnifica-
tion, H&E stain upper left, 0.9x, all other figures, 10x.
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