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Abstract
Background: The pathophysiological picture underlying hi-
dradenitis suppurativa (HS) and its syndromic forms is still
patchy, thus presenting a great challenge for dermatologists
and researchers since just by better understanding the patho-
genesis of diseasewe could identify novel therapeutic targets.
Methods: We propose a practical framework to improve
subcategorization of HS patients and support the
genotype-phenotype correlation, useful for endotype-
directed therapies development. Results: This framework
includes (i) clinical work-up that involves the collection of
demographic, lifestyle, and clinical data as well as the collec-
tion of different biological samples; (ii) genetic-molecular
work-up, based on multi-omics analysis in combination
with bioinformatics pipelines to unravel the complex etiology
of HS and its syndromic forms; (iii) functional studies, –
represented by skin fibroblast cell cultures, reconstructed

epidermal models (both 2D and 3D) and organoids –, of
candidate biomarkers and genetic findings necessary to val-
idate novel potential molecular mechanisms possibly involved
and druggable in HS; (iv) genotype-phenotype correlation and
clinical translation in tailored targeted therapies. Conclusion:
Omic findings should be merged and integrated with clinical
data; moreover, the skin-omic profiles from each HS patient
should be matched and integrated with the ones already
reported in public repositories, supporting the efforts of the
researchers and clinicians to discover novel biomarkers and
molecular pathways with the ultimate goal of providing faster
development of novel patient-tailored therapeutic approaches.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hidradenitis suppurativa (HS) is a chronic autoinflam-
matory skin disease of the pilosebaceous unit presenting
pseudocystic and inflammatory nodules, abscesses, fistulas,
and/or fibrotic scars on apocrine sweat gland-bearing skin
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[1], which may occur as single disorder or with associated
diseases [2]. Syndrome-like presentation of HS consisting of
several immune-mediated inflammatory disorders or in-
herited conditions has been also reported in few patients, a
setting termed “syndromic” HS [3].

A prospective multinational survey of HS patients iden-
tified several critical unmet needs that will require multi-
disciplinary collaboration: (i) disease awareness, (ii) delay in
diagnosis, (iii) quality and cost of care, (iv) control of
symptoms, (v) assessment of life impact, (vi) mental well-
ness, (vii) associated diseases, and (viii) safe and effective
treatments [4]. Treatment of HS patients is challenging as
each patient has a particular phenotype and response to
available treatments [3]. This could be also due to the genetic
and immunological background of each patient; a range of
genetic variants shared among other autoinflammatory
diseases have been reported in these patients that point
to HS as an inborn error of the immune response charac-
terized by an increased secretion of pro-inflammatory
molecules in both lesional skin and serum [5]. Despite
this, the pathophysiological picture underlying HS and its
syndromic forms is still jagged; this represents an important
challenge since just by unravelling the disease’s pathogenesis
we will be able to recognize novel therapeutic targets.

Materials and Methods

Based on our expertise, we propose a practical framework to
improve the management of HS patients, with an integrated
clinical and molecular pipeline to expand subcategorization of
HS patients and to support the genotype-phenotype correlation,
useful for endotype-directed therapies development.

Results

An optimized framework for HS patients as well as for
patients with related complex phenotypes includes the
following steps: (1) deep clinical investigation; (2)
genetic-molecular work-up; (3) functional studies; (4)
genotype-phenotype correlation and clinical translation
in tailored targeted therapies (shown in Fig. 1).
1. Clinical work-up of HS and its complex syndromic

forms involves the collection of demographic, lifestyle,
and clinical data as well as the collection of different
biological samples. An accurate clinical phenotyping
requires full-skin examination through objective assess-
ment and in-vivo noninvasive skin imaging such as
high-frequency ultrasound, thermography, and three-
dimensional (3D) skin topography. The production of

holistic health records through a smartphone applica-
tion, already available for patients on Android platform
[6], represents an innovative way to complement med-
ical observations and remotely monitor the patient’s
psychophysical condition, thus enhancing integration
of clinical and lifestyle data [7]. Histology of HS lesional
skin, while not recommended by current HS guidelines,
is important for the differential diagnosis of complex
phenotypes and formarking the disease development. In
addition, biobanking is a critical step involving an
accurate sampling strategy of lesional, perilesional,
and healthy control skin – from cutaneous biopsies
and/or resected tissues specimens – and other biological
samples such as saliva, plasma, serum, and peripheral
blood mononuclear cells [7]. These samples could reveal
biomarkers useful for stratifying HS patients into ther-
apeutic subcategories related to clinical response, thus
reserving great potential for advancing knowledge of HS
pathophysiology and improving clinical management of
HS patients through the identification of novel thera-
peutic targets.

2. Genetic-molecular work-up is principally based on ge-
netic counseling. Next-generation sequencing analyses
(e.g., genomics and transcriptomic profiling of skin biop-
sies and/or peripheral blood mononuclear cells) in com-
bination with bioinformatics pipelines are enabling re-
searchers to employ a more comprehensive approach to
unravelling the complex etiology of HS and its syndromic
forms, thus translating the omic findings into functional
models to validate/identify novel potential therapeutic
targets. In our current experience, these approaches
allowed us to describe common biological pathways
shared by syndromic HS patients [8] as well as to draft
a preliminary genotype/phenotype correlation [9].

3. Functional studies of candidate molecular biomarkers
and genetic findings are necessary to validate novel
potential molecular mechanisms underlying the complex
HS phenotypes. These studies involve immunostaining
techniques on patients’ skin biopsies as well as on ex vivo
models represented by skin fibroblast cell cultures, re-
constructed epidermal models (both 2D and 3D), and
organoids – tissue-engineered cell-based in vitro models
that sum up different aspects of both the structure and
function of the corresponding in vivo tissue – able to
recapitulate the complex pathogenetic scenario ofHS and
its syndromic forms. Cultivation of outer root sheath-
derived keratinocytes from HS patients, carrying genetic
variations associated with the disease, represents a useful
strategy for in vitro studies on molecular markers,
candidate genes, and biological signaling pathways pos-
sibly involved and druggable in HS [7].
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4. Genotype-phenotype correlation represents the cru-
cial step aimed at integrating clinical, genetic, and
molecular data in a cohesive model based on each
individual patient, carrying the hope and the po-
tential to develop personalized therapy for each
patient.

Conclusion

In our proposed pipeline, genomics and transcrip-
tomics data are merged and integrated with clini-
cal and histopathological findings; furthermore, the

skin-omic profiles from each HS patient are matched
and integrated with the ones already reported in public
repositories, supporting the efforts of the researchers
and clinicians to discover novel biomarkers and mo-
lecular pathways with the ultimate goal of providing
faster development of novel patient-tailored therapeu-
tic approaches.

Key Message

Discovery of biomarkers will provide a faster development
of novel patient-tailored therapeutic approaches.

Fig. 1. Schematic representation of the proposed framework for HS patients, including a thorough clinical and
genetic-molecular work-up, functional studies, genotype-phenotype correlation, and clinical translation into
tailored targeted therapies (created with BioRender.com).

APractical Framework forHSManagement Dermatology
DOI: 10.1159/000531496

3

D
ow

nloaded from
 http://karger.com

/drm
/article-pdf/doi/10.1159/000531496/3985851/000531496.pdf by guest on 16 August 2023

http://BioRender.com
https://doi.org/10.1159/000531496


Statement of Ethics

This study was reviewed and approved by the Area B Milan
Ethics Committee, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan (protocol No. 487_2020).

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This work was supported by a Biomolecular Analyses for Tailored
Medicine in AcneiNversa (BATMAN) project, funded by ERA-
PerMed, by Starting Grant (SG-2019-12369421) funded by the Italian
Ministry of Health, by Grant (RC16/2018) from the Institute for
Maternal and Child Health IRCCS “Burlo Garofolo” funded by the

ItalianMinistry ofHealth, and by a grant fromFondazione IRCCSCa’
Granda Ospedale Maggiore Policlinico of Milan (protocol No.
487_2020). This work was also partially supported by ItalianMinistry
of Health (Ricerca Corrente 2023)/Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico of Milan, Italy.

Author Contributions

Chiara Moltrasio: conceptualization. Chiara Moltrasio and
Sergio Crovella: writing – original draft preparation. Paola Maura
Tricarico, Ronald Rodrigues Moura, Lucas Brandao, and Angelo
Valerio Marzano: writing – reviewing and editing.

Data Availability Statement

All data presented in this study are included in this article.
Further inquiries can be directed to the corresponding author.

References

1 Sabat R, Jemec GBE, Matusiak Ł, Kimball AB,
Prens E, Wolk K. Hidradenitis suppurativa.
Nat Rev Dis Primers. 2020 Mar;6(1):18.

2 Tzellos T, Zouboulis CC. Which hidradenitis
suppurativa comorbidities should I take into
account? Exp Dermatol. 2022 Sep;31(Suppl 1):
29–32.

3 Gasparic J, Theut Riis P, Jemec GB. Recogniz-
ing syndromic hidradenitis suppurativa: a re-
view of the literature. J Eur Acad Dermatol
Venereol. 2017 Nov;31(11):1809–16.

4 Garg A, Neuren E, Cha D, Kirby JS, Ingram JR,
Jemec GBE, et al. Evaluating patients’ unmet
needs in hidradenitis suppurativa: results from

the global survey of impact and healthcare
needs (VOICE) project. J Am Acad Dermatol.
2020 Feb;82(2):366–76.

5 Colvin A, Petukhova L. Inborn errors of im-
munity in hidradenitis suppurativa pathogen-
esis and disease burden. J Clin Immunol. 2023
May. Epub ahead of print.

6 BATMAN biomolecular analyses for tailored
medicine in acne iNversa. Available from:
https://batman-project.eu/en.

7 Tricarico PM, Moltrasio C, Gradišek A, Mar-
zano AV, Flacher V, Boufenghour W, et al.
Holistic health record for Hidradenitis suppu-
rativa patients. Sci Rep. 2022 May;12(1):8415.

8 Brandão LAC, Moura RR, Marzano AV,
Moltrasio C, Tricarico PM, Crovella S. Var-
iant enrichment analysis to explore path-
ways functionality in complex autoinflam-
matory skin disorders through whole exome
sequencing analysis. Int J Mol Sci. 2022 Feb;
23(4):2278.

9 Marzano AV, Genovese G, Moltrasio C, Tri-
carico PM, Gratton R, Piaserico S, et al.
Whole-exome sequencing in 10 unrelated pa-
tients with syndromic hidradenitis suppurati-
va: a preliminary step for a genotype-
phenotype correlation. Dermatology. 2022;
238(5):860–9.

4 Dermatology
DOI: 10.1159/000531496

Moltrasio/Tricarico/Rodrigues Moura/
Brandão/Crovella/Marzano

D
ow

nloaded from
 http://karger.com

/drm
/article-pdf/doi/10.1159/000531496/3985851/000531496.pdf by guest on 16 August 2023

https://www.karger.com/Article/FullText/531496?ref=1#ref1
https://www.karger.com/Article/FullText/531496?ref=2#ref2
https://www.karger.com/Article/FullText/531496?ref=3#ref3
https://www.karger.com/Article/FullText/531496?ref=3#ref3
https://www.karger.com/Article/FullText/531496?ref=4#ref4
https://www.karger.com/Article/FullText/531496?ref=5#ref5
https://batman-project.eu/en
https://www.karger.com/Article/FullText/531496?ref=7#ref7
https://www.karger.com/Article/FullText/531496?ref=8#ref8
https://www.karger.com/Article/FullText/531496?ref=9#ref9
https://doi.org/10.1159/000531496

	Clinical and Molecular Characterization of Hidradenitis Suppurativa: A Practical Framework for Novel Therapeutic Targets
	Introduction
	Materials and Methods
	Results
	Conclusion
	Key Message
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


