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Summary

Background Hidradenitis suppurativa/acne inversa is a chronic, inflammatory, scarring
disease in the terminal hair follicle and apocrine gland-bearing areas (skin folds).
There is considerable histological evidence that perifolliculitis and follicular hyper-
keratosis precede the rupture of the follicle. The timing of the epithelial hyperplasia
at the infundibula of inflamed terminal follicles has not yet been clarified.

Objectives To clarify the early histopathological life of lesions (‘chronology’) in
hidradenitis suppurativa/acne inversa, focusing on the terminal follicle structure
and its surrounding tissue (hyperkeratosis, hyperplasia of follicular epithelium,
perifolliculitis and rupture).

Methods In total, 485 operative specimens obtained from 128 patients with
diagnosed hidradenitis suppurativa/acne inversa (all surgically treated by wide
excision) were examined histologically. Two to five histological preparations
(total 485) per operation area (total 196) were prepared by multiple slicing.
Results Hidradenitis suppurativa/acne inversa showed a heterogeneous histological
pattern: hyperkeratosis of the terminal follicles (89%), hyperplasia of follicular
epithelium (80%), pronounced perifolliculitis (68%) and follicle rupture (24%).
Perifolliculitis, follicular hyperkeratosis and hyperplasia occurred prior to the
rupture of the follicle. Other histological criteria were: subepidermal cellular
inflammatory infiltrate (82%), epidermal psoriasiform hyperplasia (56%),
pronounced acute dermal inflammation (28%), pronounced chronic dermal
inflammation (49%), and involvement of apocrine glands (52%) and subcutis
(31%).

Conclusions Infundibular hyperkeratosis, hyperplasia of the follicular epithelium and
perifolliculitis are major histopathological characteristics of hidradenitis
suppurativa/acne inversa. These apparently precede rupture of the follicle. In par-
ticular, hyperplasia of the follicular epithelium probably marks the beginning
of sinus formation, which usually spreads horizontally. Psoriasiform hyperplasia
of the interfollicular epidermis with subepidermal inflammatory infiltrate might
be interpreted as an inflammation-driven process basically identical to that which
is evident at the terminal follicle. However, it does not lead to harmful and

progressive sequelae like those (rupture, sinus tracts) seen at the terminal follicles.

Hidradenitis suppurativa/acne inversa is a chronic, inflamma-
tory, scarring disease with topographical predilection for skin
folds (axillary, submammary, inguinal, anogenital).'™ These
different anatomical regions affected by the disease show his-
topathological homology.® In our recent examination of oper-
ative material from 60 patients we identified two primary
histotopographical foci:® (i) infundibulum of terminal hair
follicle with hyperkeratosis (‘follicular plugging’) and epithe-
lial hyperplasia; and (ii) interfollicular epidermis with psorias-
iform  hyperplasia. Both ‘regions of interest’ were
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accompanied by an inflammatory mixed infiltrate with selec-
tive CD8 cell epitheliotropism.® Our results concerning the
terminal hair follicle indicated that perifolliculitis and hyper-
keratosis precede its rupture.

The timing of epithelial hyperplasia at the infundibula of
inflamed terminal follicles has not yet been clarified. Thus, the
question arises as to whether this hyperplasia is a precursor of
follicular rupture and resultant dermal spreading of the
inflammation, which would indicate a potential therapeutic
target in the early stages of the disease. To clarify this,
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we examined a much greater number of operative samples
(from 128 patients) than in our earlier study (60 patients).

Material and methods

We examined histologically a total of 485 operative specimens
obtained from 128 patients (62 women, 66 men) with the
diagnosis of hidradenitis suppurativa/acne inversa (all surgi-
cally treated by wide excision in our clinic from January 1996
to November 2009). The mean age in both sexes at the time
of operation was 345 years (median 34). The mean duration
of illness from the first clinical signs to the surgical interven-
tion described was 74 years (median 7) in both sexes. At the
time of surgery, 91% (116/128) of the patients were smokers
[women: 84% (52/62); men: 97% (64/66)]. Eighty-four per
cent (107/128) of the patients presented with the disease at
the time of surgery on at least two typical body areas (among
them there was also bilateral axillary manifestation).

In total, 485 operative specimens from 196 different areas
(i.e. 196 different operative fields: 86 axillary, 67 inguinal, 43
anogenital) of 128 patients were examined three times (two
investigators each performed three independent examinations
at three different time points). Microscopy was performed at
6:3%, 12:5x and 25X magnification. All specimens had been
fixed in 4% formaldehyde and embedded in paraffin. Sections

were stained with haematoxylin and eosin. Two to five histo-
logical preparations (total 485) per operation area (total 196)
were prepared by multiple slicing. The focus of the study was
on the terminal follicle structure and its surrounding tissue
(hyperkeratosis, hyperplasia of follicular epithelium, perifollic-
ulitis and rupture). Other histological criteria already described

in the literature®* !

were also investigated (Table 1). Results
concerning hyperkeratosis, hyperplasia, perifolliculitis, epider-
mal hyperplasia and subepidermal inflammation have been

partially described previously in 60 of the 128 patients.®

Results

The main qualitative and quantitative data are depicted in
Tables 1-3 and in Figures 1-3. Hyperkeratosis of the terminal
follicles in lesser or greater intensity was found in 89%
(175/196) of the specimens. Hyperplasia of follicular epithe-
lium of various degrees (mild/pronounced) was evident in

80% (157/196). Pronounced perifolliculitis [accumulation of

inflammatory cells (> 150) in the perifollicular region] was
observed in 68% (133/196) of the specimens. Follicle rup-
tures were found in 24% (47/196) of the tissue samples. Sev-
enty-three per cent (128/175) of the specimens with
follicular hyperkeratosis (mild and pronounced) showed pro-
nounced perifolliculitis, and no signs of follicular rupture

Table 1 Hidradenitis suppurativa/acne

1 (%) inversa: histological findings in operative

specimens (n = 196)

Histological criteria Severity

Follicular hyperkeratosis None 21/196 (11)
Mild 77/196 (39)
Pronounced 98/196 (50)

Hyperplasia of follicular epithelium None 39/196 (20)
Mild/pronounced 157/196 (80)

Perifolliculitis None/mild 63/196 (32)

(< 150 inflammatory cells)
Pronounced
(> 150 inflammatory cells)

Rupture No
Yes

Subepidermal cellular No
inflammatory infiltrate Yes
Psoriasiform epidermal hyperplasia No
Yes

Subepidermal cellular inflammatory No
infiltrate plus epidermal Yes

psoriasiform hyperplasia

Acute inflammation of the dermis None or only focal

< 50% of the dermis involved
> 50% of the dermis involved

Chronic inflammation of the dermis None

< 50% of the dermis involved
> 50% of the dermis involved

Involvement of the apocrine glands No
(surrounding inflammation, stasis, Yes
hyperplasia, dilatation)

Inflammation of the subcutis No

Yes

133/196 (68)

149/196 (76)
47/196 (24)
36/196 (18)
160/196 (82)
87/196 (44)
109/196 (56)
93/196 (47)
103/196 (53)

46/196 (24)
95/196 (48)
55/196 (28)
25/196 (13)
74/196 (38)
97/196 (49)
94/196 (48)
102/196 (52)

135/196 (69)
61/196 (31)
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Table 2 Hidradenitis suppurativa/acne inversa: histopathological
criteria at the terminal hair follicle structure

Criteria n (%)

Infundibular hyperkeratosis

Yes 1757196 (89)

No 21/196 (11)
Infundibular hyperkeratosis + perifolliculitis

Yes 128/175 (73)

No 47/175 (27)

Infundibular hyperkeratosis + perifolliculitis + no signs of
follicular rupture
Yes 88/128 (69)
No 40/128 (31)
Infundibular hyperkeratosis + perifolliculitis + no signs of
follicular rupture + follicular hyperplasia
Yes 62/88 (71)
No 26/88 (29)

Table 3 Hidradenitis suppurativa/acne inversa: histopathological
criteria and their relationship to the duration of illness

Duration of
illness (years)

Histological criteria Severity Mean  Median
Follicular hyperkeratosis None 36 2:5
Mild 62 4
Pronounced 126 8
Inflammation of the subcutis ~ No 7-8 375
Yes 89 55
Involvement of the apocrine No 10-4 5
glands Yes 79 45

Fig 1. Bilocated hyperplasia (epidermis and follicle) and perifolliculitis

at the infundibulum of the terminal follicle (haematoxylin and eosin;
original magnification X 6.3; case number 2001/3384a).

were evident in 69% (88/128) of these. However, follicular
hyperplasia was striking in 71% (62/88) of this subgroup
(Table 2).

© 2010 The Authors
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Fig 2. ‘Psoriasiform’ (equally long rete ridges) epidermal hyperplasia
(haematoxylin and eosin; original magnification X 6.3; case number
2009/805a).

Fig 3. Hyperplasia and hyperkeratosis of a terminal hair follicle
(draining to the surface) and the start of sinus formation
(haematoxylin and eosin; original magnification X 6.3; case number
2009/2273a).

A subepidermal cellular inflammatory infiltrate in the area
of the interfollicular epidermis was observed in 82%
(160/196) of the tissue samples, and a psoriasiform epidermal
hyperplasia with equally extended rete ridges in 56%
(109/196) of the preparations (parahyperkeratosis was lacking
and the stratum granulosum was intact). A combination of
these two conditions was found in 53% (103/196) of the
entire operative material. An acute inflammation of the der-
mis, covering more than 50% of the total dermal area, was
seen in 28% (55/196), and a chronic fibrosing inflammation
affecting more than 50% of the dermal area was visible in
49% (97/196) of the specimens. Apocrine glands were
involved (surrounding inflammation, stasis, hyperplasia) in
52% (102/196) and the subcutis (inflammation) in 31%
(61/196) of the specimens.

The severity of the follicular hyperkeratosis increased
with the duration of the disease, whereas inflammation of the
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subcutis or involvement of the apocrine glands showed only
marginally longer or no longer duration of the disease
(Table 3).

Discussion

The examination of the operative material from more than
double the previous number of cases® confirmed the high
prevalence of the following histopathological details: infundi-
bular hyperkeratosis (89%), hyperplasia of the follicular epi-
thelium (80%), perifolliculitis (68%), and interfollicular
psoriasiform epidermal hyperplasia with subepidermal inflam-
matory infiltrate (53%). As a comparison, Jemec and Hansen’
described infundibular hyperkeratosis (“poral occlusion’,
17/60) and folliculitis (without poral occlusion, 17/60) as
the most frequently occurring features in hidradenitis suppura-
tiva/acne inversa in their study of 60 biopsies. Boer and
Weltevreden'® showed a correlation between perifolliculitis,
spongiform infundibulofolliculitis and hyperkeratosis (occlu-
sion) in 95% of the 39 biopsies in their study. The most
frequent phenomenon, follicular hyperkeratosis, which we
also confirmed and which seems to become more severe the
longer patients have the disease, could be the result of in-
creased endogenous acetylcholine production due to exo-
genous nicotine mediated by the local influence of

12,13
Staphylococcus  aureus.

Our study also confirmed the early
perifollicular inflammation with a lymphocytic character
which had already been recognized, as well as the involve-
ment of the subcutis and the apocrine glands (both seem to

3,6,9,10,14,15
In our

be independent of the duration of illness).
observation, 52% of the apocrine glands were morphologically
involved in the disease. The thesis that apocrine glands are the
focus of the pathogenetic process resulted in the term hidrade-
nitis suppurativa. The name acne inversa was coined when Yu
and Cook” described the terminal follicle as the main histo-
pathological target.® In any case, both terms are found in the
literature and there is still discussion about the correct nomen-
clature.*'® As to that, our results might confirm the term acne
inversa (and underline the secondary involvement of the apo-
crine glands), but it is still unclear why disease takes place in
areas rich in apocrine glands where they form an anatomical
unit with the terminal follicles. The potential role of the
glands in connection with nicotine secretion has been dis-
cussed previously.®'>"* Future investigations should deal with
the composition of the secretion of the apocrine glands as
well as their ultrastructure in unaffected skin areas in patients
with hidradenitis suppurativa/acne inversa.

The follicular epithelial hyperplasia, which was secondarily
documented in figures in earlier articles,®'® was found with
high prevalence in the more extensive material in this study
and was found to be an essential structural element at the fol-
licular target. In the time sequence, it apparently precedes rup-
ture of the follicle and probably represents the start of the
sinus formations (sinus tracts), which usually spread horizon-
tally. Thus, rupture indicates a secondary development (a
‘point of no return’) of suppurative and ultimately scarring in-

flammation with prolonged confinement to the dermis (long-
term abscessing disease spreading horizontally within the der-
mis). Psoriasiform hyperplasia of the interfollicular epidermis
with subepidermal inflammatory infiltrate is also confirmed.®
This might be interpreted as an inflammation-driven process
basically identical to that which is evident at the terminal folli-
cle. It is, however, merely psoriasis-like and not real psoriasis
vulgaris. Clinically, the prevalence of manifest psoriasis vulga-
ris was 3:9% (5/128) in these patients. The disease was

expressed in typical locations, but the affected flexural areas of

hidradenitis suppurativa/acne inversa did not show a typical
erythematosquamous psoriatic appearance. Additionally, in
histology the stratum granulosum is still present and there is
no hyperkeratosis and no parakeratosis.

However, epidermal hyperplasia does not lead to harmful
and progressive sequelae, such as those (rupture, sinus tracts)
seen at the infundibular terminal follicles with resulting sinus
tracts and ultimate perforation. Interestingly, both regions
(follicle and interfollicular epidermis) have niches of stem
cells'” which might enable an inflammation-induced hyperpla-
sia of keratinocytes. Gniadecki and Jemec'® reported a possible
involvement of ‘stem cell-like keratinocytes’ in the overall his-
topathological process with the development of sinus tract for-
mations. If this theory is correct, the early bilocated identical
lymphocytic inflammation® with a supposed specific cytokine
milieu should be a therapeutic target for disease intervention,
well in advance of the wide surgical excision of late stages.

What’s already known about this topic?

e Hidradenitis suppurativa is a chronic, inflammatory
disease in the terminal hair follicle-bearing areas.

e The timing of the epithelial hyperplasia at the infundib-
ula of inflamed follicles has not been clarified.

What does this study add?

e Epithelial hyperplasia apparently precedes rupture of the
follicle and probably represents the start of the sinus for-
mation.

e Interestingly, this region has niches of stem cells which
might enable an inflammation-induced hyperplasia of
keratinocytes. This could be a therapeutic target.
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