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Abstract
Background The large unmet need of hidradenitis suppurativa/acne inversa (HS) therapy requires the elucidation of
disease-driving mechanisms and tissue targeting.
Objective Robust characterization of the underlying HS mechanisms and detection of the involved skin compartments.
Methods Hidradenitis suppurativa/acne inversa molecular taxonomy and key signalling pathways were studied by
whole transcriptome proﬁling. Dysregulated genes were detected by comparing lesional and non-lesional skin obtained
from female HS patients and matched healthy controls using the Agilent array platform. The differential gene expression
was conﬁrmed by quantitative real-time PCR and targeted protein characterization via immunohistochemistry in another
set of female patients. HS-involved skin compartments were also recognized by immunohistochemistry.
Results Alterations to key regulatory pathways involving glucocorticoid receptor, atherosclerosis, HIF1a and IL17A signalling as well as inhibition of matrix metalloproteases were detected. From a functional standpoint, cellular assembly,
maintenance and movement, haematological system development and function, immune cell trafﬁcking and antimicrobial response were key processes probably being affected in HS. Sixteen genes were found to characterize HS from a
molecular standpoint (DEFB4, MMP1, GJB2, PI3, KRT16, MMP9, SERPINB4, SERPINB3, SPRR3, S100A8, S100A9,
S100A12, S100A7A (15), KRT6A, TCN1, TMPRSS11D). Among the proteins strongly expressed in HS, calgranulin-A, calgranulin-B and serpin-B4 were detected in the hair root sheath, koebnerisin and connexin-32 in stratum granulosum,
transcobalamin-1 in stratum spinosum/hair root sheath, small prolin-rich protein-3 in apocrine sweat gland ducts/sebaceous glands-ducts and matrix metallopeptidase-9 in resident monocytes.
Conclusion Our ﬁndings highlight a panel of immune-related drivers in HS, which inﬂuence innate immunity and cell
differentiation in follicular and epidermal keratinocytes as well as skin glands.
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Introduction
Hidradenitis suppurativa/acne inversa (HS) is a chronic, inflammatory, recurrent, debilitating skin disease of the hair follicle
that usually presents after puberty with painful, deep-seated,
inflamed lesions in the apocrine gland-bearing areas of the body,
most commonly at the axillae, inguinal and anogenital regions.1
HS is associated with an initial lymphohistiocytic inflammation,
granulomatous reaction, sinus tract formation and scarring. The
deep part of the follicle appears to be involved. A consistent
finding, regardless of disease duration, is follicular hyperkeratosis, leading to follicular rupture, inflammation and possible secondary infection (Fig. 1).
The prevalence of HS shows a significant variability in epidemiological studies ranging between 0.03% and 4% with female
predisposition and familial and sporadic forms.2 The disease has
an important impact on quality of life and mental health.3
Smoking and obesity are major predisposing factors.4 Common
comorbid disorders in HS are inflammatory bowel disease,
spondyloarthropathy, metabolic syndrome and cardiovascular
diseases, which increase the disease burden.5,6
Despite the beneficial effects of several compounds,2 treatment of HS is challenging and most of the patients respond
only partially with subsequent recurrences. The large unmet
need of therapy requires the elucidation of disease-driving
mechanisms and the skin compartment been initially involved.
Therefore, studies focusing on characterizing the genomic,
transcriptomic and proteomic profiles as well as the skin compartment target of HS are of tremendous value. The current
HS literature provides certain information on few targeted
genes and/or proteins in skin and blood without studying the
entire molecular taxonomy of HS.7–17 After categorizing HS as
a skin disease, investigations into transcriptomic profile
changes in the skin have a significant potential to support further mechanistic characterization of the disease,17–20 whereas
similar studies in blood19,20 might provide complementary
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information. Indeed, a strategy focusing on the transcriptome
as a relevant marker for identifying the effectiveness of studied
therapeutic compounds has been successfully employed in
other skin diseases, such as psoriasis.21–24
In order to characterize the mechanisms underlying HS, a
pilot whole transcriptome profiling study employed in lesional
(LS), non-lesional skin (NLS) obtained from female HS patients
and from matched healthy controls was performed using the
Agilent array platform. Key regulatory pathways are reported
emphasizing changes in intereleukin (IL) 17, complement,
matrix metalloproteinase, collagen degradation and epidermal
growth factor receptor (EGFR) signalling, influencing innate
immunity and epithelial cell differentiation. Our findings

Figure 1 Representative clinical manifestations and histological
ﬁndings in HS lesions. Clinical manifestations of HS in patients #1
(a; right and left groins, Hurley stage II) and #12 (b; right axilla, Hurley stage III and submammary area, Hurley stage II) (Table S1) and
corresponding histological picture (c; deep follicular occlusion and
hyperkeratosis, d; epithelialized intradermal tunnel formation) of
the specimens a and b, respectively, counterstained with haematoxylin/eosin (magniﬁcation 409).
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provide further evidence of the mechanisms involved in HS, the
development of a HS molecular taxonomy, the initially HS-targeted skin compartments and possible HS targets by proper
compounds in the future.

quantity of each RNA samples were determined by analysis on a
2100 Bioanalyzer (Agilent, Santa Clara, CA, USA) and by photometric analysis. Only samples with RIN values above 8 were considered for further processing.

Materials and methods

Microarray labelling and hybridization

Skin specimens

Human skin specimens were handled according to the BRISQ
reporting guidelines.25 Full-thickness skin specimens were
obtained from 12 European Caucasian female patients (aged
37.2  8.4 years) with HS Hurley stage II-III and 12 matched
healthy controls (aged 37.1  13.2 years) (Table S1). All participants did not present any other inflammatory or endocrinological disorders, including diabetes and thyroiditis, have not been
treated with biologics and had not systemic treatment against
HS before surgery. NLS is defined as adjacent to HS LS at a distance of ≥5 cm from visible inflammation or originating from
the identical non-involved contralateral body area. Control skin
(CS) is defined as skin from healthy donors without evidence of
relevant skin diseases. The study was approved by the Ethics
Committee of the Univesitaetsmedizin Berlin (EA4/016/07) and
was conducted according to the Helsinki declaration rules. All
participants provided written informed consent before surgery
for HS treatment under local or general anaesthesia.
Documentation of the lesions and histological examination

Clinical manifestations of HS were photographically documented26 and corresponding histological analysis of the specimens was conducted by staining with haematoxylin/eosin
(Fig. 1). One set of patient specimens (n = 8) and controls
(n = 8) was immediately preserved in RNAlater RNA Stabilization Reagent (Qiagen, Hilden, Germany) to prevent RNA degradation and was stored at 4°C for 24 h and then at 20°C until
RNA isolation and microarray analysis (whole transcriptome
expression). Another set of patient specimens (n = 4) and controls (n = 4) was fixed in 10% formalin and embedded in paraffin for immunohistological examination.

cDNA synthesis of sample input RNA and one-colour spike-in
controls were performed according to the One-colour Microarray-Based Gene Expression Analysis (Low Input Quick Amp
Labelling) protocol from Agilent including the dye cyanine 3labelled CTP (Cy3-CTP). Then cRNA was purified using the
RNA Clean & Concentrator 5 kit (Zymo, Irvine, CA, USA).
Quantification of cRNA and Cy3-CTP was conducted using
NanoDrop ND-1000. RNA fragmentation was performed by
incubation with 109 GEX blocking agent and fragmentation
buffer (Agilent) for 30 min at 60°C. Then, 29 GEX hybridization buffer (Agilent) was added and samples were loaded on
array slides. Hybridization was performed at 65°C at 10 rpm for
17 h and then washed with GEX wash buffer 2 (Agilent). The
microarray data have been uploaded into the GEO
(GSE137141).
Microarray scanning and data analysis

Arrays were scanned using the Agilent scanner and images
were processed using the Agilent Feature Extraction software
to generate text files. Raw transcriptome profile data were
preprocessed using the limma package in R. Background correction was performed using the normexp convolution
model, and corrected data were subsequently normalized
using Loess normalization. After preprocessing, the control
and low-intensity probe sets were filtered out to improve the
signal of further analyses. Low-intensity probe sets were
defined as those with an intensity <10% brighter than the
95th percentile of the negative control probe sets in at least
eight arrays. The significant genes were investigated using
Enrichr and Ingenuity Pathway Analysis (IPA2015 Summer
release; Qiagen).27,28
Quantitative real-time RT-PCR

RNA extraction and puriﬁcation

Human skin biopsies were homogenized in ~400 lL of RLT buffer (Qiagen) using the Polytron PT3000 with a PolytronAggregateâ homogenizer (Kinematika, Littau, Switzerland). The
homogenizer was sequentially pretreated with 3% H2O2 (Merck,
Darmstadt, Germany), 70% ethanol and dH2O to remove a possible RNase contamination. Each sample was homogenized for
1 min, then cooled on ice for 1 min and again homogenized for
1 min. After each sample processing, the homogenizer was
washed sequentially with dH2O, 70% ethanol and dH2O. RNA
isolation from the homogenates was performed using the
RNeasyâ Mini Kit (Qiagen) including DNase I on column treatment following the manufacturer’s protocol. Quality and
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Quantitative real-time PCR was performed as previously
described29 for the genes KRT6A, SPRR3, PI3, S100A7A (15),
S100A8, S100A9, S100A12, SERPINB3, SERPINB4, detected to
be differentially regulated in HS-involved skin. The QuantiTect Primer Assay with relevant transcript sequences (Qiagen)
was employed. Tetraplicate amplifications were carried out per
gene with three wells as negative controls without template.
18s was amplified along with the target genes as endogenous
controls for normalization. The PCR was carried out on an
Applied Biosystems 7300 Real-Time PCR System (Applied
Biosystems, Darmstadt, Germany). The output data generated
by the Sequence Detection System 2 software were transferred
to Excel (Microsoft, Redmond, WA, USA) for analysis. The
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Table 1 Dysregulated genes as a result of transcriptomic proﬁle comparison between LS and NLS skin biopsies
Probe name

Gene name

Description

Log FC
LS vs. NLS

P value

Accession
number

A_23_P1691

MMP1

ref|Homo sapiens matrix metallopeptidase 1 (interstitial
collagenase) (MMP1), transcript variant 1, mRNA [NM_002421]

3.68

0.04

NM_002421

A_23_P23048

S100A9

ref|Homo sapiens S100 calcium binding protein A9 (S100A9),
mRNA [NM_002965]

2.95

0.02

NM_002965

A_23_P38537

KRT16

ref|Homo sapiens keratin 16 (KRT16), mRNA [NM_005557]

3.19

0.03

NM_005557

A_23_P40174

MMP9

ref|Homo sapiens matrix metallopeptidase 9 (gelatinase B, 92 kDa
gelatinase, 92 kDa type IV collagenase) (MMP9), mRNA
[NM_004994]

2.23

0.01

NM_004994

A_23_P502413

SERPINB4

ref|Homo sapiens serpin peptidase inhibitor, clade B (ovalbumin),
member 4 (SERPINB4), mRNA [NM_002974]

3.78

0.02

NM_002974

A_23_P55632

SERPINB3

ref|Homo sapiens serpin peptidase inhibitor, clade B (ovalbumin),
member 3 (SERPINB3), mRNA [NM_006919]

3.98

0.01

NM_006919

A_23_P62709

SPRR3

ref|Homo sapiens small proline-rich protein 3 (SPRR3), transcript
variant 1, mRNA [NM_005416]

3.07

0.04

NM_005416

A_23_P64372

TCN1

ref|Homo sapiens transcobalamin I (vitamin B12 binding protein, R
binder family) (TCN1), mRNA [NM_001062]

2.23

0.03

NM_001062

A_23_P69497

CLEC3B

ref|Homo sapiens C-type lectin domain family 3, member B
(CLEC3B), mRNA [NM_003278]

0.03

NM_003278

A_23_P74001

S100A12

ref|Homo sapiens S100 calcium binding protein A12 (S100A12),
mRNA [NM_005621]

0.01

NM_005621

A_23_P74114

ZNF713

ref|Homo sapiens zinc ﬁnger protein 713 (ZNF713), mRNA [NM_
182633]

0.03

NM_182633

2.17
2.42
5.02

A_23_P76249

KRT6B

ref|Homo sapiens keratin 6B (KRT6B), mRNA [NM_005555]

0.04

NM_005555

A_23_P81158

ADH1C

ref|Homo sapiens alcohol dehydrogenase 1C (class I), gamma
polypeptide (ADH1C), mRNA [NM_000669]

2.34

0.04

NM_000669

A_23_P95879

RPL38

ref|Homo sapiens ribosomal protein L38 (RPL38), transcript variant
1, mRNA [NM_000999]

2.17

0.04

NM_000999

A_23_P119562

CFD

ref|Homo sapiens complement factor D (adipsin) (CFD), mRNA
[NM_001928]

2.79

0.01

NM_001928

A_23_P130642

GBP6

ref|Homo sapiens guanylate binding protein family, member 6
(GBP6), mRNA [NM_198460]

5.56

0.03

NM_198460

2.55

A_23_P157628

DEFB4

ref|Homo sapiens defensin, beta 4 (DEFB4), mRNA [NM_004942]

0.03

NM_004942

A_23_P161439

C10orf116

ref|Homo sapiens chromosome 10 open reading frame 116
(C10orf116), mRNA [NM_006829]

2.09

0.03

NM_006829

A_23_P204736

GPD1

ref|Homo sapiens glycerol-3-phosphate dehydrogenase 1 (soluble)
(GPD1), mRNA [NM_005276]

2.40

0.03

NM_005276

A_23_P204947

GJB2

ref|Homo sapiens gap junction protein, beta 2, 26 kDa (GJB2),
mRNA [NM_004004]

2.88

0.01

NM_004004

A_23_P210465

PI3

ref|Homo sapiens peptidase inhibitor 3, skin-derived (PI3), mRNA
[NM_002638]

4.27

0.03

NM_002638

A_23_P215669

POLR2J2

ref|Homo sapiens polymerase (RNA) II (DNA directed) polypeptide
J2 (POLR2J2), mRNA [NM_032959]

4.05

0.05

NM_032959

A_23_P259357

SLC35E4

ref|Homo sapiens solute carrier family 35, member E4 (SLC35E4),
mRNA [NM_001001479]

4.27

0.04

NM_001001479

4.16

A_23_P366936

KRT6C

ref|Homo sapiens keratin 6C (KRT6C), mRNA [NM_173086]

2.92

0.03

NM_173086

A_23_P434809

S100A8

ref|Homo sapiens S100 calcium binding protein A8 (S100A8),
mRNA [NM_002964]

8.01

0.03

NM_002964

A_24_P280274

S100A7A

ref|Homo sapiens S100 calcium binding protein A7A (S100A7A),
mRNA [NM_176823]

3.51

0.02

NM_176823

A_33_P3210160

NAT11

ref|Homo sapiens N-acetyltransferase 11 (GCN5-related, putative)
(NAT11), mRNA [NM_024771]

6.95

0.03

NM_024771

A_33_P3210288

FUT6

ref|Homo sapiens fucosyltransferase 6 (alpha (1,3)
fucosyltransferase) (FUT6), transcript variant 1, mRNA [NM_
000150]

5.00

0.04

NM_000150
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Table 1 Continued
Probe name

Gene name

Description

Log FC
LS vs. NLS

P value

Accession
number

A_33_P3228988

ENST00000435033

ens|Zinc ﬁnger protein 799 (Zinc ﬁnger protein 842) [Source:
UniProtKB/Swiss-Prot;Acc:Q96GE5] [ENST00000435033]

4.07

0.05

A_33_P3235432

ENST00000400171

ens|Putative uncharacterized protein ENSP00000383034
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MTT0]
[ENST00000400171]

3.67

0.05

A_33_P3244165

LOC100008589

ref|Homo sapiens 28S ribosomal RNA (LOC100008589), ribosomal
RNA [NR_003287]

6.13

0.04

NR_003287

A_33_P3252612

CYP2W1

ref|Homo sapiens cytochrome P450, family 2, subfamily W,
polypeptide 1 (CYP2W1), mRNA [NM_017781]

5.31

0.04

NM_017781

A_33_P3253653

GPR155

ref|Homo sapiens G protein-coupled receptor 155 (GPR155),
transcript variant 9, mRNA [NM_001033045]

6.34

0.03

NM_001033045

A_33_P3263512

ENST00000397460

ens|Putative uncharacterized protein ENSP00000380601
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MUA7]
[ENST00000397460]

5.90

0.04

A_33_P3278159

ENST00000399539

ens|Putative uncharacterized protein ENSP00000382454
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MUB9]
[ENST00000399539]

3.53

0.05

A_33_P3287105

ENST00000400985

ens|Putative uncharacterized protein ENSP00000383769
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MUZ0]
[ENST00000400985]

4.24

0.05

A_33_P3290955

KIAA1875

ref|Homo sapiens KIAA1875 (KIAA1875), non-coding RNA [NR_
024207]

5.46

0.04

NR_024207

A_33_P3292886

KRT6A

ref|Homo sapiens keratin 6A (KRT6A), mRNA [NM_005554]

0.01

NM_005554

A_33_P3296852

LOC286434

gb|Homo sapiens cDNA FLJ20463 ﬁs, clone KAT06143
[AK000470]

6.02

0.04

AK000470

A_33_P3307886

TBXA2R

ref|Homo sapiens thromboxane A2 receptor (TBXA2R), transcript
variant a, mRNA [NM_001060]

4.37

0.04

NM_001060

A_33_P3309231

HSCB

ref|Homo sapiens HscB iron–sulphur cluster co-chaperone
homolog (E. coli) (HSCB), mRNA [NM_172002]

4.94

0.05

NM_172002

A_33_P3311646

ENST00000397923

Unknown

5.05

0.04

A_33_P3315763

ENST00000398953

ens|Putative uncharacterized protein ENSP00000381926
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MYB7]
[ENST00000398953]

4.92

0.04

A_33_P3319640

ENST00000398364

ens|Hepatoma-derived growth factor-related protein 2 (HRP-2)
(Hepatoma-derived growth factor 2) [Source:UniProtKB/SwissProt;Acc:Q7Z4V5] [ENST00000398364]

3.76

0.05

A_33_P3345936

CCDC9

ref|Homo sapiens coiled-coil domain containing 9 (CCDC9), mRNA
[NM_015603]

2.52

0.05

NM_015603

A_33_P3346552

LOC100008589

ref|Homo sapiens 28S ribosomal RNA (LOC100008589), ribosomal
RNA [NR_003287]

6.32

0.03

NR_003287

A_33_P3374678

TMPRSS11D

ref|Homo sapiens transmembrane protease, serine 11D
(TMPRSS11D), mRNA [NM_004262]

0.03

NM_004262

A_33_P3378284

COX6B2

ref|Homo sapiens cytochrome c oxidase subunit VIb polypeptide 2
(testis) (COX6B2), mRNA [NM_144613]

5.89

0.03

NM_144613

A_33_P3378531

AS3MT

ref|Homo sapiens arsenic (+3 oxidation state) methyltransferase
(AS3MT), mRNA [NM_020682]

5.77

0.04

NM_020682

A_33_P3379436

FAM74A4

ref|Homo sapiens family with sequence similarity 74, member A4
(FAM74A4), non-coding RNA [NR_026802]

5.88

0.04

NR_026802

A_33_P3388491

PQLC2

ref|Homo sapiens PQ loop repeat containing 2 (PQLC2), transcript
variant 1, mRNA [NM_001040125]

7.47

0.03

NM_001040125

A_33_P3392000

GFOD1

ens|Glucose-fructose oxidoreductase domain containing protein 1
Precursor (EC 1.-.-.-) [Source:UniProtKB/Swiss-Prot;Acc:Q9NXC2]
[ENST00000379287]

4.60

0.04

A_33_P3392405

C10orf99

ref|Homo sapiens chromosome 10 open reading frame 99
(C10orf99), mRNA [NM_207373]

JEADV 2020, 34, 846–861

3.56

2.23

3.01

0.03

NM_207373
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Table 1 Continued
Probe name

Gene name

Description

Log FC
LS vs. NLS

P value

Accession
number

A_33_P3396434

A_33_P3396434

Unknown

6.20

0.03

A_33_P3412294

ZSCAN2

ref|Homo sapiens zinc ﬁnger and SCAN domain containing 2
(ZSCAN2), transcript variant 1, mRNA [NM_181877]

3.65

0.05

A_33_P3412560

ENST00000397989

ens|Putative uncharacterized protein ENSP00000381076
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MTB2]
[ENST00000397989]

4.92

0.03

A_33_P3415617

ENST00000366303

ens|Putative uncharacterized protein ENSP00000381393
Fragment [Source:UniProtKB/TrEMBL;Acc:A8MVD8]
[ENST00000366303]

3.13

0.05

A_33_P3421984

HYAL4

ref|Homo sapiens hyaluronoglucosaminidase 4 (HYAL4), mRNA
[NM_012269]

4.62

0.04

NM_012269

A_33_P3424861

FAM118A

ref|Homo sapiens family with sequence similarity 118, member A
(FAM118A), transcript variant 1, mRNA [NM_001104595]

4.97

0.05

NM_001104595

A_33_P3471712

LOC284600

gb|Homo sapiens cDNA FLJ31924 ﬁs, clone NT2RP7005468
[AK056486]

6.35

0.03

AK056486

A_33_P3544887

TTC28

ref|Homo sapiens tetratricopeptide repeat domain 28 (TTC28),
mRNA [NM_001145418]

3.78

0.05

NM_001145418

NM_181877

2x < Log fold change (FC) > 2x; P value < 0.05; False discovery rate <0.05.

differential mRNA expression of each gene was calculated with
the comparative Ct (threshold cycle) method recommended
by the manufacturer.
Immunohistochemistry

Immunohistochemistry was performed as previously described.30
The formalin-fixed paraffin-embedded samples were incubated
with a mouse monoclonal antibody against KRT6 (KRT6/1702,
#ab218438; dilution 1 : 50, pH = 9), rabbit monoclonal antibodies against MMP1 (EP1247Y, #ab52631; 1 : 100, pH = 9), GJB2
(EPR8036 (2), #ab181374; 1 : 200, pH = 6), PI3 (EPR5515,
#ab151549, 1 : 100, pH = 9), MMP9 (EP1254, #ab76003; 1 : 800,
pH = 6), S100A8 (EPR3554, #ab92331, 1 : 4000, pH = 9),
KRT16 (EP1615Y, #ab76416; 1 : 4000, pH = 9) and rabbit polyclonal antibodies against HBD2 (HBD2, #ab63982; 1 : 200,
pH = 9), SERPINB4 (SERPINB4, #ab 197096, 1 : 4000, pH = 6),
SERPINB3 (SERPINB3, #ab154971, 1 : 2000, pH = 6), SPRR3
(SPRR3, #ab 218131; 1 : 100, pH = 9), S100A9 (S100A9,
#ab63818, 1 : 2000, pH = 6), S100A7A (15) (NICE2, #ab133877;
1 : 100, pH = 6), TCN1 (TCN1, #ab202121; 1 : 2000, pH = 6),
TMPRSS11D (TMPRSS11D, #ab127031, 1 : 20, pH = 6) (all
from Abcam, Cambridge, UK) at the individually mentioned concentration and conditions at room temperature in three steps of
30 min, 24 h and 30 min, accordingly. All antibody concentrations were titrated in preliminary experiments and were applied
in dilutions of exponential labelling density, enabling comparisons
of the labelling density among specimens labelled with the same
antibody. The antibodies were diluted with a background reducing antibody diluent (Agilent). The secondary antibodies antimouse/anti-rabbit immunoglobulins (Agilent) were used depending on the origin of the primary antibody. A diaminobenzidine
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visualization kit was used (REAL EnVision Detection System; Agilent). A semiquantitative method of immunohistochemical evaluation was used. Membrane or cytoplasmic staining of single cells
was evaluated as positive. The intensity of the reaction was objectively evaluated according to a 4-level scale for each single antibody: 0; not stained, 1; weak staining, 2; moderate staining, 3;
intense staining. In addition, each of the skin structures was individually evaluated: epidermis, dermis, hair follicles, sebaceous
ducts, sebaceous glands, eccrine sweat glands and apocrine sweat
glands. All slides were examined randomly and evaluated using
the same scale. The procedure of staining was repeated twice for
each case, each time individually evaluated.
Statistical analysis

Differential expression analysis was conducted using the limma
package in R, and significantly dysregulated genes were identified where there was at least a 4-fold change in intensity values
and a Benjamini-Hochberg false discovery rate correction
(FDR < 0.05). In addition, key upstream regulators of differentially expressed genes were assessed by Fisher’s exact test using a
reduced significance level of P < 0.02. The immunohistochemical results were considered as clinically relevant, if the skin samples of at least 3 of the 4 patients studied exhibited a different
level of expression strength in the comparisons of LS vs. NLS
and LS vs. CS.

Results
Clinical diagnosis and histological conﬁrmation

Hidradenitis suppurativa/acne inversa diagnosis was conducted
according to the clinical diagnostic criteria of the disease.31 The
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Table 2 Dysregulated genes as a result of transcriptomic proﬁle comparison between LS and CS biopsies
Probe name

Gene name

Description

Log FC
LS vs. CS

P value

Accession
number

A_23_P1691

MMP1

ref|Homo sapiens matrix metallopeptidase 1 (interstitial collagenase)
(MMP1), transcript variant 1, mRNA [NM_002421]

6.17

0.04

NM_002421

A_23_P23048

S100A9

ref|Homo sapiens S100 calcium binding protein A9 (S100A9), mRNA
[NM_002965]

3.23

0.03

NM_002965

A_23_P24384

CCDC88B

ref|Homo sapiens coiled-coil domain containing 88B (CCDC88B),
mRNA [NM_032251]

2.86

0.04

NM_032251

A_23_P38537

KRT16

ref|Homo sapiens keratin 16 (KRT16), mRNA [NM_005557]

4.60

0.03

NM_005557

A_23_P40174

MMP9

ref|Homo sapiens matrix metallopeptidase 9 (gelatinase B, 92 kDa
gelatinase, 92 kDa type IV collagenase) (MMP9), mRNA [NM_
004994]

3.50

0.01

NM_004994

A_23_P55632

SERPINB3

ref|Homo sapiens serpin peptidase inhibitor, clade B (ovalbumin),
member 3 (SERPINB3), mRNA [NM_006919]

5.51

0.02

NM_006919

A_23_P59877

FABP5

ref|Homo sapiens fatty acid binding protein 5 (psoriasis-associated)
(FABP5), mRNA [NM_001444]

2.36

0.03

NM_001444

A_23_P62709

SPRR3

ref|Homo sapiens small proline-rich protein 3 (SPRR3), transcript
variant 1, mRNA [NM_005416]

4.98

0.04

NM_005416

A_23_P64372

TCN1

ref|Homo sapiens transcobalamin I (vitamin B12 binding protein, R
binder family) (TCN1), mRNA [NM_001062]

4.30

0.02

NM_001062

A_23_P74001

S100A12

ref|Homo sapiens S100 calcium binding protein A12 (S100A12),
mRNA [NM_005621]

3.57

0.01

NM_005621

A_23_P79069

RASAL3

ref|Homo sapiens RAS protein activator like 3 (RASAL3), mRNA [NM_
022904]

2.90

0.04

NM_022904

A_23_P102000

CXCR4

ref|Homo sapiens chemokine (C-X-C motif) receptor 4 (CXCR4),
transcript variant 1, mRNA [NM_001008540]

2.42

0.04

NM_001008540

A_23_P103310

S100A7

ref|Homo sapiens S100 calcium binding protein A7 (S100A7), mRNA
[NM_002963]

8.23

0.04

NM_002963

A_23_P157628

DEFB4

ref|Homo sapiens defensin, beta 4 (DEFB4), mRNA [NM_004942]

6.97

0.02

NM_004942

A_23_P158725

SLC16A3

ref|Homo sapiens solute carrier family 16, member 3 (monocarboxylic
acid transporter 4) (SLC16A3), transcript variant 1, mRNA [NM_
001042422]

2.98

0.01

NM_001042422

A_23_P204947

GJB2

ref|Homo sapiens gap junction protein, beta 2, 26 kDa (GJB2), mRNA
[NM_004004]

3.75

0.01

NM_004004

A_23_P210465

PI3

ref|Homo sapiens peptidase inhibitor 3, skin-derived (PI3), mRNA
[NM_002638]

6.63

0.03

NM_002638

A_23_P312920

POU2AF1

ref|Homo sapiens POU class 2 associating factor 1 (POU2AF1),
mRNA [NM_006235]

3.23

0.04

NM_006235

A_23_P360804

CPNE5

ref|Homo sapiens copine V (CPNE5), mRNA [NM_020939]

2.36

0.04

NM_020939

A_23_P434809

S100A8

ref|Homo sapiens S100 calcium binding protein A8 (S100A8), mRNA
[NM_002964]

9.93

0.03

NM_002964

A_23_P502413

SERPINB4

ref|Homo sapiens serpin peptidase inhibitor, clade B (ovalbumin),
member 4 (SERPINB4), mRNA [NM_002974]

5.13

0.03

NM_002974

A_24_P59667

JAK3

ref|Homo sapiens Janus kinase 3 (JAK3), mRNA [NM_000215]

3.28

0.02

NM_000215

A_24_P211565

C1QTNF6

ref|Homo sapiens C1q and tumour necrosis factor-related protein 6
(C1QTNF6), transcript variant 1, mRNA [NM_031910]

2.27

0.04

NM_031910

A_24_P280274

S100A7A

ref|Homo sapiens S100 calcium binding protein A7A (S100A7A),
mRNA [NM_176823]

5.13

0.02

NM_176823

A_24_P353638

SLAMF7

ref|Homo sapiens SLAM family member 7 (SLAMF7), mRNA [NM_
021181]

3.12

0.02

NM_021181

A_24_P673063

FABP5

ref|Homo sapiens fatty acid binding protein 5 (psoriasis-associated)
(FABP5), mRNA [NM_001444]

2.16

0.04

NM_001444

A_24_P931443

GPR68

ref|Homo sapiens G protein-coupled receptor 68 (GPR68), mRNA
[NM_003485]

2.02

0.02

NM_003485

A_33_P3237927

ARHGAP4

ref|Homo sapiens Rho GTPase activating protein 4 (ARHGAP4),
transcript variant 1, mRNA [NM_001164741]

2.45

0.02

NM_001164741
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Table 2 Continued
Probe name

Gene name

Description

Log FC
LS vs. CS

P value

Accession
number

A_33_P3280845

THY1

ref|Homo sapiens Thy-1 cell surface antigen (THY1), mRNA [NM_
006288]

2.18

0.01

NM_006288

A_33_P3292886

KRT6A

ref|Homo sapiens keratin 6A (KRT6A), mRNA [NM_005554]

4.73

0.02

NM_005554

A_33_P3310929

ADAM12

ref|Homo sapiens ADAM metallopeptidase domain 12 (ADAM12),
transcript variant 1, mRNA [NM_003474]

2.65

0.04

NM_003474

A_33_P3374678

TMPRSS11D

ref|Homo sapiens transmembrane protease, serine 11D
(TMPRSS11D), mRNA [NM_004262]

3.33

0.02

NM_004262

A_33_P3385785

S100A12

ref|Homo sapiens S100 calcium binding protein A12 (S100A12),
mRNA [NM_005621]

2.48

0.04

NM_005621

A_33_P3423365

GSN

ref|Homo sapiens gelsolin (amyloidosis, Finnish type) (GSN), transcript
variant 4, mRNA [NM_001127663]

0.03

NM_001127663

2.34

2x < Log fold change (FC) > 2x; P value < 0.05; False discovery rate <0.05.

corresponding histological evaluation of HS lesions was performed
through staining with haematoxylin and eosin stain (Fig. 1).
Whole transcriptome proﬁling

Whole genome profiling was conducted to identify dysregulated
genes associated with HS pathology through the comparison of
LS, NLS and CS. The molecular profiles of LS, NLS and matching CS were analysed and compared (Fig. 1). A principal component analysis showed a different profile for LS compared to
that of NLS and CS (Fig. S1). Subsequently, the analysis of the
molecular profiles of LS vs. NLS skin after rigid assessment
reported a total of 61 dysregulated genes, while the analysis of LS
vs. CS reported 34 dysregulated genes (Tables 1 and 2). The
analysis of the molecular profiles of NLS vs. CS biopsies showed
no statistically significant differences. When comparing LS vs.
NLS as well as LS vs. CS, a total of 16 common genes were identified, which further characterize HS from a molecular standpoint and, therefore, provide evidence of potential key
regulators of the pathology (DEFB4, MMP1, GJB2, PI3, KRT16,
MMP9, SERPINB4, SERPINB3, SPRR3, S100A8, S100A9,
S100A12, S100A7A, KRT6A, TCN1, TMPRSS11D) (Table S2).
Molecular mechanisms associated with dysregulated
genes

After the identification of molecular signatures for LS, NLS and
CS, signalling pathway analysis was conducted to contextualize
the changes to gene expression with potential mechanistic pathways. The molecular signature characterizing LS vs. NLS skin
proposed alterations to key regulatory pathways involving glucocorticoid receptor signalling, atherosclerosis signalling, inhibition of matrix metalloproteases, hypoxia-induced factor 1a
(HIF1a) signalling and IL17A signalling (Fig. 2a). Cytokines
such as IL1a, IL13, IL19, IL22, IL17A, IL17C, OSM; transcription factors such as tumour necrosis factor-a receptor (TNFaR),
IL17R, Toll-like receptor (TLR) 2, TLR5, complement 5a receptor 1 (C5aR1), MAZ, ACTN4, STAT1, CEBPB, EHF and
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molecules such as KRT14 and KRT16 were identified as key
upstream regulators (Table S3). From a disease pathway perspective, this molecular signature is associated with skin diseases
such as psoriasis, genodermatoses and hyperkeratoses and
immunological processes such as delayed hypersensitive reaction
and immediate hypersensitivity (Table S3). From a functional
standpoint, cellular assembly, maintenance and movement,
haematological system development and function, immune cell
trafficking as well as antimicrobial response were key processes
proposed to be affected in HS (Table S3). The molecular signature, which characterizes LS vs. CS, illustrated alterations to regulatory, functional and disease-associated pathways, very similar
to those identified when comparing LS vs. NLS skin (Fig. 2b).
The signature comprising the 16 common genes characterizing
HS was also analysed for pathway association and overlapped
with the other signatures described above (Fig. 3). Utilizing
Enrichr, we performed an enrichment of the differentially
expressed genes for different skin cell types and found significant
enrichment of genes associated with keratinocyte-specific
expression. Loosening of the filtering criteria for differential gene
expression (higher expression cut-offs), allowed an additional
identification of altered atherosclerosis signalling.27,28
Conﬁrmation of differentially regulated genes by
quantitative real-time PCR

The differential expression of the 16 genes detected by the whole
transcriptome profiling was confirmed by quantitative PCR
(data not shown).
Targeted protein analysis of HS molecular signatures

In order to further characterize the findings at the mRNA level,
the protein expression of 15 differentially regulated genes, namely
b-defensin-2 (HBD2), matrix metallopeptidase-1 (MMP1), connexin-32 (GJB2), PI3 kinase (PI3), cytokeratin-16 (KRT16),
matrix metallopeptidase-9 (MMP9), serpin-B4 (SERPINB4), serpin-B3 (SERPINB3), small proline-rich protein-3 (SPRR3),
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Figure 2 Signalling pathway analysis of (a) LS vs. NLS and (b) LS vs. CS. Signalling pathway analysis was conducted to contextualize
the changes to gene expression with potential mechanistic pathways. The molecular signature characterizing (a) LS vs. NLS skin and (b)
LS vs. CS proposed alterations to key regulatory pathways involving glucocorticoid receptor signalling, atherosclerosis signalling, inhibition of matrix metalloproteases, HIF1a signalling and IL17A signalling.
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Figure 3 Signalling pathway analysis of the 16 detected genes. The signature comprising the 16 detected genes characterizing HS was
also analysed for pathway association and, as expected, overlapped with the other signatures described.

calgranulin-A (S100A8), calgranulin-B (S100A9), koebnerisin
[S100A7A (15)], cytokeratin-6 (KRT6A), transcobalamin
(TCN1) and transmembrane serine protease-11D (TMPRSS11D)
was evaluated by immunohistochemistry (Fig. 4). The initial
analysis focused on identifying the presence of these selected proteins in LS, NLS and CS. Subsequently, the presence of these proteins in different skin compartments and especially in follicular
and epidermal keratinocytes was assessed. Lastly, the density of
presence in the different skin compartments was analysed semiquantitatively and a respective percentage of density was calculated for each labelled protein (Tables S4 and S5). When taking
into account the overall protein expression profiles, S100A8 and
S1009 were present in follicular keratinocytes (epithelial root
sheath) and epidermal keratinocytes of the stratum spinosum
(S100A8) and stratum granulosum (S100A9), SERPINB3 and
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SERPINB4 in follicular keratinocytes (SERPINB3: internal root
sheath, SERPINB4: epithelial root sheath) and epidermal keratinocytes of the stratum granulosum (SERPINB4: minor expression). KRT16 expression was detected in follicular keratinocytes
(external root sheath) and epidermal keratinocytes of the stratum
basale/spinosum and KRT6A in follicular keratinocytes (epithelial root sheath) and epidermal keratinocytes of the stratum spinosum. PI3, HBD2 and TCN1 were expressed in both follicular
keratinocytes (epidermal root sheath) and epidermal keratinocytes (TCN1: stratum spinosum). GJB2 and S100A7A (15)
were expressed in epidermal keratinocytes of the stratum granulosum, whereas S100A7A (15) also in follicular keratinocytes (internal root sheath). SPRR3 was expressed in apocrine sweat gland
ducts and sebaceous glands (and ducts). MMP1 and
TMPRSS11D were expressed in (and reported to be secreted by)
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Figure 4 Expression of b-defensin-2 (HBD2), matrix metallopeptidase-1 (MMP1), connexin-32 (GJB2), PI3 kinase (PI3), cytokeratin-16
(KRT16), matrix metallopeptidase-9 (MMP9), serpin-B4 (SERPINB4), serpin-B3 (SERPINB3), small proline-rich protein-3 (SPRR3), calgranulin-A (S100A8), calgranulin-B (S100A9), koebnerisin (S100A7A), cytokeratin-6 (KRT6A), transcobalamin (TCN1) and transmembrane
serine protease-11D (TMPRSS11D) evaluated in LS, NLS and CS by immunohistochemistry. Since antibody concentrations were titrated
in preliminary experiments and were applied in dilutions of exponential labelling density to allow comparisons of the labelling density
among specimens labelled with the same antibody, no labelling only means no labelling at the antibody concentration applied. A representative set of pictures in presented (original magniﬁcation 9100).

epidermal keratinocytes of the stratum granulosum and/or follicular keratinocytes (internal root sheath) and MMP9 was
expressed in (and secreted by) monocytes. Among these proteins
S100A8, S100A9, SERPINB4, S100A7, GBJ2, TCN1, SPRR3 and
MMP9 were strongly expressed in LS (Fig. 5).
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Discussion
Inflammation plays an important role in the pathogenesis of HS.
In LS, cytokines and chemokines, such as TNFa, IL1, IL6, IL10,
IL12, IL17, IL23, interferon (IFN)c, phosphodiesterase-4, complement 5a, uteroglobulin, chemokine (C-X-C motif) ligand
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Figure 5 Visualization of the skin compartment expression of the proteins differentially expressed at a higher level in LS. Calgranulin-A
(S100A8), calgranulin-B (S100A9), and serpin-B4 (SERPINB4) were detected in the epidermal root sheath of hair follicles, koebnerisin
[S100A7A(15)] and connexin-32 (GBJ2) in epidermal keratinocytes of the stratum granulosum, transcobalamin-1 (TCN1) in epidermal keratinocytes of the stratum spinosum and the epidermal root sheath, small prolin-rich protein-3 (SPRR3) in apocrine sweat ducts and sebaceous glands (and ducts), and matrix metallopepridase-9 (MMP9) in resident monocytes.

(CXCL)6, CXCL9, CXCL11, CX3CL1, CC-chemokine ligand
(CCL)2, CCL18, TLR2, soluble IL2 receptor are upregulated, as
described in proteome studies.17,20,32,33 Especially IL23 has been
shown to induce IL17-producing T helper cells (Th17), which
infiltrate the dermis in HS lesions.13 Therapy with the antiTNFa agent adalimumab and other biologics suppresses the
expression of most of these cytokines in vitro34 and ex vivo.35
Kelly et al.14 proposed a primary role for the immune system as
a driver of HS pathogenesis and provided evidence that
CD45+CD4+ T cells are responsible for IL17 production and
CD11c+CD1a-CD14+ dendritic cells (DC) are the main producers of IL1b in LS. The latter finding correlated with activation of
caspase-1 and expression of the NALP3 inflammasome. Jenei
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et al.16 detected that apocrine gland-rich skin has a non-inflammatory IL17-related immune milieu, which turns to inflammatory IL17-mediated disease in HS. At the gene and protein level,
we report changes to TNFaR, IL17A, IL-17C and IL-17R signalling-related genes, such as MMP1, MMP9 and DEFB4. Our
molecular signatures also propose further upstream regulators,
which are highlighted as involved with immune function, such
as IL1a, IL13, IL19, IL22 and OSM. The IL17 family of cytokines
has been linked to the pathogenesis of diverse autoimmune and
inflammatory diseases and also plays an essential role in host
defence against extracellular bacteria and fungi.36 IL17A has also
been shown to increase the expression of skin antimicrobial peptides including HBD2, psoriasin (S100A7) and calprotectin

© 2019 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology.

Zouboulis et al.

858

(S100A8/9) in keratinocytes and also a number of CXC
chemokines, which are neutrophil attractants such as CXCL1,
CXCL3, CXCL5 and IL8.37,38 Thus, IL17A may contribute to
inflammation by increasing the influx of neutrophils, dendritic
cells and memory T cells into the lesion. These results correspond to several observations demonstrating that HS patients
have a higher inflammatory load compared to other dermatological patients as reflected by increased levels of lymphocytes, neutrophils and C-reactive protein.39
Further pathways affected in LS focus on the crosstalk
between DC and natural killer (NK) cells, DC maturation and
communication between innate and adaptive immune cells. DC
are considered to be the link between the innate and adaptive
immune responses.40 In their immature state, DC are good
detectors of antigens, but poor presenters of antigens to T and B
cells. However, after detection of antigens via TLR, DC mature
into efficient antigen presenting cells secreting several cytokines
such as type-I IFN, IL12, IL15 and chemokines, such as IL8 and
CCL2.40 These soluble mediators as well as cell–cell interactions
result in the activation of T and B lymphocytes and thus the
development of cellular and humoral adaptive immune
responses. Our data highlight the important role of DC in the
pathogenesis of HS and suggest that there is an interaction
between NK cells and DC at sites of inflammation in HS skin.
Indeed, Giamarellos-Bourboulis et al.41 found an increase in NK
lymphocytes in HS patients with axillary involvement. However,
a negative correlation was found between years lapsing since initial presentation of lesions and the percentage of NK cells, indicating that after the initiation of the disease further mechanisms
are involved in its chronification. NK cells can activate DC to
produce cytokines, such as TNFa, IL6, IL12 and type-I IFN.
Reciprocal activation of the two cell types also occurs via the
TNF family of proteins, resulting in the production of IFNc
from NK cells and IL12 from DC.41 In our data, interferon and
IL12 signalling are found dysregulated in LS. Increased IFNc, in
turn, may induce the secretion of MMP from DC and macrophages and immmunohistochemical studies have indicated the
expression of MMP2 in HS.42 Our findings at both the gene and
protein levels point in the direction of impairment of MMP
family members, such as MMP1 and MMP9 in LS.
Besides cytokines, certain antimicrobial peptides, such as
HBD2, psoriasin and cathelicidin, are also highly expressed in
persistent HS lesions.8,10 In our data, PI3 showed to be significantly dysregulated at the gene and protein levels. PI3 is an elastase-specific inhibitor, which is locally expressed by epithelial
cells and immune cells, such as macrophages and cd T cells. PI3
functions as an antimicrobial peptide against Gram-positive and
Gram-negative bacteria and fungal pathogens. It modulates a
wide range of parameters that are critical for the inflammation
process, such as NFjB pathway modulation, cytokine secretion
and cell recruitment.43 Additionally, in our study, S100A7A (15),
S100A8, S100A9 and S100A12 were dysregulated in LS. These
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peptides are localized in the cytoplasm and/or nucleus of a wide
range of cells being involved in the regulation of cellular processes, such as cellular migration and invasion, cell cycle progression and differentiation. Furthermore, they exhibit antifungal
and antibacterial activity.44 HBD2, an antibiotic peptide, which is
locally regulated by inflammation, was also dysregulated in our
study at the gene and protein levels.45 In a study of skin biopsy
specimens and sweat collected from 36 HS patients and 57
healthy control subjects, deficient constitutive production of
ribonuclease 7 and, in severe HS, reduced HBD3 induction was
suggested to contribute to impaired immunity within the hair
follicle and thereby boost HS inflammation and severity.11 Interestingly, a robust genetic trait for HBD susceptibility to HS has
been confirmed in two independent cohorts, namely in German
and Greek HS patients.46 Susceptibility was shown to arise from
carriage of more than six HBD copies, which interferes directly
with the HS phenotype. Whereas the role of bacteria in HS seems
to be important, HS is not considered to be primarily an infectious disease.8,47 Indeed, defensins exhibit chemotactic and proinflammatory activities and on the other side no unique bacterial
agent but rather a polymorphic flora seems to contribute to the
severity of the disease. In moderate-to-severe HS, bacterial sampling reveals a mixture of aerobes and anaerobes.48,49 The presence of aerobes lowers the availability of oxygen and thus
promotes the growth of anaerobes. Coagulase-negative Staphylococci (CnS) are usually isolated from the lesions. CnS can form
biofilm and escape an immune reaction. As a result, CnS infections have a slow, subacute progression.50,51
Other molecular endpoints reported in this study may also
be associated with HS through an inflammatory process and
impairment of barrier function. We documented altered
expression patterns of SERPINB3 and SERPINB4. SERPINB3/
SERPINB4 expression has been shown to be increased in the
skin and serum of individuals with psoriasis and atopic dermatitis (AD).52,53 In AD, their expression is detected in the
stratum corneum of skin lesions and the level of expression
correlates with serum total IgE levels as well as with disease
severity and return to baseline after successful treatment.54,55
Keratinocyte studies in vitro revealed that overexpression of
SERPINB3/SERPINB4 protects against ultraviolet and gamma
radiation as well as TNFa-induced cell death.56,57 These findings provide evidence of the involvement of SERPINB3/SERPINB4 in skin inflammation. SPRR3 is a cornified envelope
(CE) precursor protein that is virtually undetectable in normal
skin.57 During the late stages of epidermal differentiation, the
formation of the CE is essential for epidermal barrier function
and involves the replacement of the plasma membrane by
cross-linkage of precursor proteins such as involucrin, SPRRs
and loricrin. In normal epidermis, SPRR1 is restricted to
appendages, SPRR2 is also expressed in interfollicular areas,
while SPRR3 is completely absent.58,59 Alterations of SPRR3
expression, as documented in AD, likely impact barrier
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function through production of a CE scaffold that impairs the
supramolecular organisation of lamellar body-derived lipids
into normal bilayer structures.60,61 Our study also revealed
changes in type I and II cytokeratins. KRT16 is a type I cytokeratin and is paired with KRT6A, a type II cytokeratin, in a number of epithelial tissues, including hair follicles.62 Stressed
keratinocytes rapidly induce de novo transcription of KRT6, 16,
and 17, whose expression pattern in normal stratified epithelia
is restricted to the epidermis of glabrous skin, the oral mucosa
and skin appendages.63,64 These keratins have specialized functions in the progression of inflammation and wound healing.
KRT6 impacts cell migration by interacting with Src kinase,
whereas KRT17 promotes keratinocyte survival, growth, and a
Th1/Th17-dominated immune environment contributing to the
development of basaloid skin tumours.65,66 The significance of
KRT16 induction in response to environmental stressors in
epithelial cancers and in chronic inflammatory disorders is largely unknown.65 When considering the altered expression of
SPRR3, KRT16 and KRT6A in our study, a potential impairment of barrier function in HS can be hypothesized. When
contextualizing with our findings, we reinforce the proposal of
an HS inflammatory process while simultaneously providing
evidence of impairment in barrier function potentially being a
characteristic of HS at a molecular level.
GJB2 is a specialized structure on plasma membranes of contacting adherent cells and consists of cell-to-cell channels that
facilitate the transfer of ions and small molecules between cells.67
TMPRSS11D is released from the submucosal serous glands
onto mucous membrane and may play a biological role in the
host defence system on the mucous membrane.68 TCN1 is a
unique glycoprotein produced by the salivary glands of the oral
cavity, in response to ingestion of food and protects the acidsensitive vitamin B12.69 The altered expression levels of GJB2,
TMPRSS11D and TCN1 in HS lesional skin together with the
abnormal SPRR3 expression in apocrine sweat gland ducts and
sebaceous glands (and ducts) only, detected in our study, indicates the kind of gland involvement in HS. At a cellular level,
our protein expression data by immunohistochemistry indicates
that molecular regulators of HS have a critical expression and/or
secretion function in follicular and epidermal keratinocytes and
to a lesser extent in the secretory function of gland cells and
monocytes.1,10
A limited number of studies has focused on the analysis of
molecular profile changes at the gene and/or protein levels. Blok
et al.18 performed mRNA profiling of LS vs. NLS and further
investigated these changes in whole blood of HS patients and
control subjects. Although no significant differences were identified in the whole blood, multiple signalling pathways were
affected at the skin level. Similar to our findings, the pathways
affected were mostly related to inflammation, including cell
adhesion, diapedesis and extravasation, as well as immune cell
signalling and communication pathways. After relaxing the
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stringent filtering criteria used in our study we could also identify a dysregulation of atherosclerosis signalling as reported by
Blok et al.,18 indicating an association between HS inflammation
and metabolic syndrome.6,70,71 Hotz et al.19 have applied cellular
and gene expression analyses to detect an increased number of
infiltrating CD4+ T cells secreting IL17 and IFNc in perilesional
skin and LS. Keratinocytes isolated from hair follicles of HS
patients secreted significantly more IL1b, IL10 and CCL5 either
constitutively or on pattern recognition receptor stimulations.
In addition, upregulation of S100A7 and reduction of HBD1
were detected, indicating a functional defect of keratinocytes in
HS leading to a balance prone to inflammatory responses. Hoffman et al.20 investigated the HS skin and blood transcriptomes
as well as the blood proteome. At the skin level, they reported an
abundance of immunoglobulins, antimicrobial peptides, an
interferon signature and complement system dysregulation with
involvement of S100A7, S100A8, S100A9, DEFB4 and SERPINB3.
Coates et al.72 have compared the HS microarray data set of
Block et al.,18 with a transcriptional signature of biopsy-induced
wounds of the human skin and the oral mucosa published by
Iglesias-Bartolome et al.73 and suggested that the pathogenesis
of HS may be driven by changes in antimicrobial peptide expression and altered sweat gland function and may share a similar
pathology with chronic wounds. In our study, in addition to
studying the molecular taxonomy, we confirmed this dysregulation and further characterized it systematically at the protein
and cellular level via immunohistochemistry. An increase in
inflammation and immune response in lesional skin could,
therefore, be associated to bacterial presence and dysregualtion
of keratinocyte immune response as well as a link between both
processes being potentially key drivers of HS.
In summary, our study focused on characterizing the HS
lesional skin transcriptome and subsequently the proteome in a
targeted manner. The findings indicate an inflammatory process
coupled to impaired barrier function, altered epidermal cell differentiation and, possibly, a microbiome activity, which can be
seen at the follicular and epidermal keratinocytes and at a minor
grade at the skin gland level. Although the sample size of the
study is small, and requires larger scale validation, a correlation
between a set of dysregulated genes and proteins in the skin is
shown that can be considered as hallmarks of HS pathology. Further studies focusing on a wider and more thorough analysis of
the skin transcriptome and proteome are expected to corroborate
the pathophysiological understanding of HS while simultaneously building a molecular taxonomy of HS. The latter will support significantly the efforts into improving molecular diagnosis
of the disease and the development of novel therapies for HS.
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