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= Immunologiska mekanismer— Indelning

= Inflammatoriska reaktionsmonster vid hudsjukdomar:
- Lichenoid (Typ 1)
- Eksematos (Typ 2a)
- Bull6s (Typ 2b)
- Psoriasiform (Typ 3)
- Fibrotiserande (Typ 4a)
- Granulomatoés (Typ 4b)

= Implikationer for precisionsmedicin och behandlingsval




Kunskap om underliggande immunmekanismer underlattar

forstaelse av hudsjukdomar...
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Physiological role:
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AHR, RORC2,
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Physiological role:
Cellular immunity
GATAs@

IFN-y

Klassisk deskriptiv diagnosindelning.

Granulomatous

Psoriatic

Mekanistisk indelning av inflammatoriska hudsjukdomar.

Fibrogenic

Livre - 1833 - Clinique de I'ndpital Saint-Louis, ou Traité complet des maladies de la peau... par M. le Bon J.-L. Alibert

Kilian Eyerich, Johannes Ring, Atopic Dermatitis - Eczema, 2nd Edition, Switzerlnad, Springer Cham, 29 July 2023, https://doi.org/10.1007/978-3-031-12499-0
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= Val av effektiv behandling vid kand diagnos. = Behandling utifran bakomliggande mekanism
vid osaker klinisk diagnos.

\_Patter:

e | 1 2a 2b 3 4a 4b
N\ y Atopic - o .__._ Hidradenitis Sclero- —

Targol\\_ Lupus Lichen o oo Urticaria Pemphigoid Psoriasis suppurativa derma Sarcoidosis
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IL-17 n.d. E n.d. n.d. . ] nd. n.d.
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efficacy
(>50% improve >50%) rarccrized s exst

Moderate efficacy Case sados or
(<50% improve <50%) case repors
CD20 &) d “ 4 No/ conficting evidence/
nogative efloct

Colour.

TGF-p n.d. n.d. n.d. n.d. n.d. n.d. nd. ' n.d.
blLys nd. n.d. n.d. nd. nd, n.d. nd. n.d.
IL-1 < nd. o = a nd. nd.
-6 2 n.d. ] n.d. nd. & nd. n.d.

Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018 May;32(5):692-703. doi: 10.1111/jdv.14673. Epub 2018 Jan 15. PMID: 29114938; PMCID:
PMC5947562. 4
Pathologyoutlines.com
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for precisionsmedicin inom dermatologi.

Current Medicine Future Medicine
One Treatment Fits All More Personalized Diagnostics




Immunologiska mekanismer - Indelning Karolinska
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Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018 SV januart 2025 6
Blobe GC, Schiemann WP, Lodish HF. Role of transforming growth factor beta in human disease. N Engl J Med. 2000



Diagnosklassificering — Mekanistisk indelning

1
Lichenoid - Cytotoxic

Alopecia areata

Ashy dermatosis (Erythema
dyschronicum perstans)

Benign lichenoid keratosis

Contact dermatitis2, allergic/
photo-allergic/ photo-toxic/
irritant/ systemic

Dermatomyositis
Drug eruption (lichenoid, fixed)
Erythema multiforme/TEN

Graft-vs.-host disease

Lichen nitidus

Lichen striatus

Lichen planus

Lichen planus pemphigoides2
Lupus erythematosus

Lymphocytic infiltration
(Jessner-Kanof)

PLEVA/PLC
Polymorphic light eruption2

Vitiligo
Eyerich K et al, JEADV 2018

2a
Eczematous

Atopic eczema/ dermatitis

Childhood granulomatous
periorificial dermatitis2

Chronic urticaria

Contact dermatitis2, allergic/
photo-allergic/ photo-toxic/
irritant/ systemic

DRESS syndrome

Dyshidrotic eczema

Drug eruption, spongiotic

Eosinophilic cellulitis (Wells
syndrome)

Lichen simplex chronicus
Nummular eczema/ dermatitis

Perioral dermatitis

Polymorphic eruption of
pregnancy

Polymorphic light eruption2

Prurigo nodularis

Prurigo pigmentosa?
Seborrhoeic dermatitis

2b
Bullous

Adult linear IgA bullous
dermatosis

Brunsting-Perry cicatricial
pemphigoid

Bullous pemphigoid

Chronic bullous dermatosis of
childhood

Cicatricial pemphigoid

Dermatitis herpetiformis
(Duhring)

Epidermolysis bullosa acquisita Dissecting cellulitis of the scalp

Lichen planus pemphigoides2
Pemphigoid gestationis
(Herpes gestationis)
Pemphigus foliaceus

Pemphigus erythematosus
(Senear-Usher)
Pemphigus herpetiformis

Pemphigus, IgA type
Pemphigoid vegetans

Pemphigus vulgaris

3
Psoriatic

Acne vulgaris

Acne keloidalis (Folliculitis
keloidalis nuchae)

Hidradenitis suppurativa

Acrodermatitis continua
suppurativa (Hallopeau)

Acute febrile neutrophilic
dermatosis (Sweet)

Acute generalized
exanthematous pustulosis

Drug eruption, psoriasiform

Folliculitis decalvans

Impetigo herpetiformis
Palmoplantar pustulosis

Pityriasis rubra pilaris
Prurigo pigmentosa?

Psoriasis

Rosacea?
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Fibrogenic Granulomatous

Amyloidosis (Ear amyloid,;
nodular)

Atrophoderma (Pierini-Pasini)
Eosinophilic fasciitis (Shulman)

Graft-vs.-host disease,
sclerodermatous?

Lichen amyloidosis
Keloid

Lichen myxedematosus

Lichen sclerosus et atrophicus

Morphea/ scleroderma (linear/
profunda)

Pretibial myxedema

Reticular erythematous
mucinosis (REM)
Scleromyxedema

Systemic sclerosis

aMore than one pattern, dominant pattern unresolved.

Actinic granuloma

Annular elastolytic giant cell
granuloma

Cheilitis granulomatosis
Childhood granulomatous
periorificial dermatitis2

Drug reaction, interstitial
granulomatous

Facial aseptic granuloma
Foreign body granuloma

Granuloma annulare
Interstitial granulomatous
dermatitis

Necrobiosis lipoidica

Palisaded neutrophilic
granulomatous dermatitis
Rosacea?

Sarcoidosis


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5947562/table/jdv14673-tbl-0002/?report=objectonly#jdv14673-note-0002
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Vakuolisering
= Syftar till att avlagsna celler med intracellular ‘
infektion eller DNA-skada.

= Kannetecknas av en cytotoxisk (celldriven)
immunreaktion mot keratinocyter basalt i
epidermis = interfasdermatit.

P Lupus erythematosus
= Immunologisk profil med T-mérdarceller ————

(CD8+), T-hjalparceller av Thl-typ (CD4+), NK-
celler och makrofagaktivering

= Huvudcytokiner: Interferoner (IFN-o/3, IFN-y)

Lichenoitt infiltrat =
tatt T-cellsinfiltrat

1. Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018. 2.Joshi R. Interface dermatitis. Indian J Dermatol Venereol Leprol. 2013;79(3):349-359. doi:10.4103/0378-6323.110780 3. g
https://dermnetnz.org/topics/lichen-planus-pathology. 4. Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015 Mar. 4. Hile GA, Gudjonsson JE, Kahlenberg JM. The influence of
interferon on healthv and diceaced ckin Cvtokine 2020 Aua 122154605 doi- 10 10167i cvio 2018 11 022 Enubh 2018 Dec 6 PMID: 20527621 PMCID: PMCA5512237
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Typ 1 inflammation i huden - Mekanismer ATEES institutet.

Skada/infekti

Aktiverade keratinocyter

Cytokiner *  Apoptos - kolloidkroppar

" Celldelar (-1 e  Rekrytering avimmunceller
et T -

Lo
Yo~ o IFN-y

Dendritisk cell NK-cell Makrofag
IL-12 . Fas/FasL
m — (| Granulos
Y . Granzym

Naiva T-celler
@ — @ & "
Thi-  jc1 Tcl-

T-hjalpar cell, Thi-cell cell cell
CD4+  STAT1/4

© — @

T-mordarcell, Tcl-cell
CD8+

Cytotoxisk paverkan

*  Keratinocytapoptos
¢ Hypergranulos

() perforin

®
®
C

Lymfkortel

IL, interleukin; ILC, innate lymphoid cell; Th, T-helper; Tc1, type 1 T-cell (CD8+)

Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015.

Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018 9
Zhou X, Yan J, Lu Q, Zhou H, Fan L. The pathogenesis of cutaneous lupus erythematosus: The aberrant distribution and function of different cell types in skin lesions. Scand J Immunol. 2021;93(1):e12933. doi:10.1111/sji.12933Bhat P, Leggatt G, Waterhouse N,

Frazer IH. Interferon-v derived from cvtotoxic lvmphocvtes directly enhances their motility and cvtotoxicity. Cell Death Dis. 2017 Jun 1:8(6):e2836. doi: 10.1038/cddis.2017.67. PMID: 28569770: PMCID: PMC5520949.
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= Cytotoxiskt immunrespons
mot keratinocyter efter initial

trigger sasom UV-skada. ﬂﬂﬂ ﬂﬂﬂ ﬂﬂﬂ " ' f.;

B Cell Autoantibodies

@ zsm

\\eulmphll \hcrophage ml)(‘

L3
\

= Kannetecknas av typ |
interferonsignalering (IFN-a)

Adhesion
Molecules

= |Leder till CD8+ T- ceIIsmedlerad
apoptos av keratinocyter ’

{(=T=
™~ - Endothelial Cells

I\I\T Thl7
A A \
IFN-y IL-17
Achtman JC, Werth VP. Pathophysiology of cutaneous lupus erythematosus. Arthritis Res Ther. 2015;17(1):182. Published 2015 Aug 10. doi:10.1186/s13075-015-0706-2 10

Zhou X, Yan J, Lu Q, Zhou H, Fan L. The pathogenesis of cutaneous lupus erythematosus: The aberrant distribution and function of different cell types in skin lesions. Scand J Immunol. 2021;93(1):e12933. doi:10.1111/sji.12933
. Hile GA, Gudjonsson JE, Kahlenberg JM. The influence of interferon on healthy and diseased skin. Cytokine. 2020 Aug;132:154605. doi: 10.1016/j.cyt0.2018.11.022. Epub 2018 Dec 6. PMID: 30527631; PMCID: PMC6551332.
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Afferent Phase > Efferent Phase >
= Yttre faktorer bidrar till forlust av g eocen o inan (g s )
sjalvtolerans hos keratinocyter — \ ¢ pr

autoreaktiv T-cellsklon uppstar.

Autoantigen ej identifierat.
®

, ‘ @ &P
= |FN-y central cytokin. ;fg—; .o

Tcell : @ Perforin
' IL-21
1123 Granzyme B
RN JAKISTAT Dermis
y '~
| A \
\

PDE4

= Aven inslag av flera andra cytokiner sdsom
II-6, TNF-a, IL-17, IL-23.

Subcutis

- H @ CD4 T cell (Th1/Th17/Tc17)
. . High | Low
= Leder till CD8+ T-cellsmedierad apoptos av @ «oorcn
keratinocyter. = & 1
@ Macrophage
M Autoantigen (Dsg3)

ﬁlf TCR/MHCII interaction

2 2% TCRMHCI interaction

Boch K, Langan EA, Kridin K, Zillikens D, Ludwig RJ, Bieber K. Lichen Planus. Front Med (Lausanne). 2021;8:737813. Published 2021 Nov 1. doi:10.3389/fmed.2021.737813 11
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Alopecia Areata - Immunmekanismer 5 Institutet

Harfollikelceller vid AA tappar sin
immunpriviligerade status —
presenterar autoantigen via MHC I/Il.

IFN-y och IL-15 nyckelcytokiner.

IFN-y fran NK- och T-celler attraherar
ytterligare leukocyter och driver
inflammation.

Apoptos av celler i harfollikeln och
overgang till vilofas med haravfall som
foljd.

AA, alopecia areata. MHC, major histocompatibility complex

o &

MHC Il with
autoantigen (?)

—— NK2GD-blocking

tinpastc ) CD4+, NKG2D+ T-cell

MHC |

Autoantigen
]

Chemokines ®

Possible
iL-15-blocking

°
)
7 L4 e e
_—» ® Perforin and i AL ®
Cytotoxic 24 P
granzymes _ @ 9 o
L
® L -
1’y Chemokines

Olayinka JIT, Richmond JM. Immunopathogenesis of alopecia areata. Curr Res Immunol. 2021;2:7-11. Published 2021 Feb 6. doi:10.1016/j.crimmu.2021.02.001

12



JAK/STAT-signalering vid hudsjukdomar

= JAK-STAT for vidare signaler fran
transmembrana receptorer till
cellkarnan dar gener uttrycks.

= Qlika receptorer anvander olika
uppsattningar av JAK-enzymer.

= Interferonsignalering sker via
JAK/STAT.
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AA Vitiligo | AD
Psoriasis . Psoriasis Psoriasis
AD
e IL-3, IL-5, GM-CSF,
-2, 14, L7, I-13 16, 1L-41, :tiz 'lLL?z(; 112,123 gpo, TPO, G-CSF,
IL-9, IL-15, IL-21 HE 'OSM 3 GH, leptina
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Nonselective JAK inhibitors W
Tofacitinib, baricitinib, ruxolitinib, pefitinib, delgocitinib )

C. Garcia-Melendo, X. Cubird, L. Puig, Janus Kinase Inhibitors in Dermatology: Part 1 — General Considerations and Applications in Vitiligo and Alopecia Areata, Actas Dermo-Sifiliogréaficas (English Edition), Volume 112, Issue 6,

2021,

13
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JAK 1/3 blockad vid kutan typ 1-inflammation ¥ Q” mtutey

Patient 1

Patient #1 Patient #3

Baseline 4 months

Before tofacitinib

Patient 3

During tofacitinib

Baseline 1month

Oral lichen planus Kutan lupus erythematosus Alopecia areata

Damsky W, Wang A, Olamiju B, Peterson D, Galan A, King B. Treatment of severe lichen planus with the JAK inhibitor tofacitinib. J Allergy Clin Immunol. 2020;145(6):1708-1710.€2. doi:10.1016/j.jaci.2020.01.031
Bonnardeaux E, Dutz JP. Oral tofacitinib citrate for recalcitrant cutaneous lupus. JAAD Case Rep. 2021;20:61-64. Published 2021 Oct 2. doi:10.1016/j.jdcr.2021.09.030 14
Craiglow BG, Liu LY, King BA. Tofacitinib for the treatment of alopecia areata and variants in adolescents. J Am Acad Dermatol. 2017;76(1):29-32. doi:10.1016/j.jaad.2016.09.006
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Typ 2 inflammation — Eksematoid

Forsvar mot extracellulara parasiter och

toxiner.
=  Fenotyp med hudbarriardysfunktion,
mikrobiell dysbios och klada.

Infiltration av lymfocyter och
eosinofila granulocyter

S

AN

7

Histologiskt ses spongios, eosinofiltillblandat
lymfocytinfiltrat och vid kroniskt eksem

fortjockning av epidermis.

Spenb 3
fed Akut eksem
15

Kannetecknas av T-hjalparceller av Th2-typ

och eosinofiler.
Huvudcytokiner: IL4 och IL-13 (IL-5, IL-31)

1. Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018

2. Image: Dermnet



Typ 2 inflammation — Bullos

Neutralisering av extracellulara mikrober
genom antikroppsproduktion.

Histologisk och klinisk blasbildning i olika
nivaer av huden: Akantolys i epidermis eller
subepidermal blasbildning.

Eosinofil- eller neutrofiltillblandat
lymfocytinfiltrat. Pavisbar antikroppsinlagring.

B-celler och plasmaceller producerar
antikroppar under paverkan av IL-4 (IgE, 1gG1,
lgG4) eller IL-5 (IgA).

WA 1N
S
3

see e Karolinska
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o w°

Lymfocyter och eosinofila
granulocyter

Subepidermal
| blasbildning

5 2 ..a?'
[ .u‘h‘, S &
P SDe o Eare s
3 .| Bullés Pemfigoid

Antikroppsinlagring vid
basalmembranet (1gG4)

1. Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018 16

2 . Image: Dermnet
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Mikrob
furober Inflammation och barridrpaverkan

Skada/infekti %‘J\\; *  Rekrytering av leukocyter.

«  Aktivering av eosinofiler och
basofila — inflammatoriska
mediatorer — 6dem.

¢ Minskad produktion av lipider,

. barridrproteiner och

Cytokiner Celldelar

vt antimikrobiella peptide.

Mikrober
- * *  Aktivering av kladfibrer

£ L
U
J‘// @ b @
o Eosinophil k_/
Mast cell ILC2
Dendritisk cell cell

Basophil

(s (ics)

Naiva T-celler

A \!/\ STATG/GATA 0

e
\ 2 T-hjilpar cell, Th2-cell
CD4+

Antikroppsmedierad vivnadsskada

Stimulering av
Lymfkértel antikroppsproduktion  IgA

IL, interleukin; ILC, innate lymphoid cell; Th, T-helper; TSLP, thymic stromal lymphopoietin
Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015. Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet. 2020
Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018 7
Images: pathologyoutlines.com
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Atopiskt Eksem - Immunmekanismer 5 Institutet
g
(o Expression of structural proteins * Altered lipids « Altered proteolysis * Permeability * Susceptibility |
L' Expression of tight junction proteinsJ | Altered microbiota * Irritability o TpH to infections )
* Water retention

[

= Typ 2-dominerad inflammation i T:::t??:” J
initierings- och akutfas. —

( Healthy skin ) ( Non-lesional skin
; 3 S

TI
2
c
5
®
'y
@,
o
=
=
@
&
B
o
o
-

P e
I\ Chronic lesional stage )

4 Nt ’ N A 7= : =

| Lichenification |

< S
™ I k ro n is k fa S m ed ti | Ita a n d e Barrier dysfunction, innate immune system activation and T 2-driven inflammation and/or T,,22-driven inflammation
g Stratum Skin microbiota  Keratinocyte Variable T, 1 and T 17 activation

. o[ . . COrNeUM  §tanhyl
lichenifiering och akantos dkande gl g Atergen
e S S ° e

komponent avtyp 1 och typ 3 — ===
inflammation (genom IFN-y, IL-17) nicun g1
och IL-22 aktivitet).

Stratum
spinosum

> ,‘/"\;\\\4}/” \v\ﬁ’ )
194 ]U]/[] Zrcem (133 ;.,\

1 TSLP

@0 Uy | TrEw
3 \Z s ©
\}O ——( (ox4oL ) — ( - &/

. I-13 (Z] i ﬂS\SB \”\V 4 \MQ
\ ’\/

| IgE | JL31 —
>—~—/ —Cutaneous ( > ,\,
. *l f Sensory neuron /T\f\ 7
PN - =
( \ PN » \ \
) ,_,/';‘* @L ) ©® © & r
Dermis é é & Eosinophil \ _ /é g
G X= (= = Y= X X
Blood CLA =G CCR10 @ @Hm ~~ @
e i »))
e ccmLé CRTH2 & Nl
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, P s My ‘\u/ Dermal
~ ‘/ S @ ''C2 @ T2 T2 @T1 @ 7 @ Tm }J t— Langerhans @
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Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic dermatitis. Nat Rev Dis Primers. 2018;4(1):1. Published 2018 Jun 21. doi:10.1038/s41572-018-0001-z 18
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Typ 2 inflammation — Klada vid atopiskt eksem

= Klada vid AD drivs primart av typ-2
cytokiner (IL4, IL-13, IL-31). Epidermis

= Aven keratinocytderiverade
molekyler (t.ex. TSLP) bidrar.

» Histaminberoende kladsignaler bidrar O B e
ej i nagon storre grad till kronisk klada _— /| TR
vid AD. [T - AN " L;l

=" @ S Cathepsm
IL-4 IL-13 O l I “yp[d“
OSMR IL-7Ra U
TSLPR

TRPA1 TRPV1 NK-1R Mrgprx  PAR2

Substance P

('\
(‘.J

i i 3Ral
Non-histaminergic U L-13Ra
sensory nerve fiber

AD, atopic dermatitis; TSLP, thymic stromal lymphopoietin

Yosipovitch G, Berger T, Fassett MS. Neuroimmune interactions in chronic itch of atopic dermatitis. J Eur Acad Dermatol Venereol. 2020;34(2):239-250. doi:10.1111/jdv.15973
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Prurigo Nodularis

IL-4/IL-13 blockad vid kutan typ 2-inflammation
Bullos Pemfigoid

Atopiskt Eksem

20

1. Papp, K.A., Hong, Ch., Lansang, M.P. et al. Practical Management of Patients with Atopic Dermatitis on Dupilumab. Dermatol Ther (Heidelb) 11, 1805-1828 (2021. 2 Abdat, et al. (2020). Dupilumab as a novel therapy for bullous pemphigoid: A

multicenter case series. Journal of the American Academy of Dermatology. 3. Holm JG, Agner T, Sand C, Thomsen SF. Dupilumab for prurigo nodularis: Case series and review of the literature. Dermatol Ther. 2020
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CASE SERIES

i
Six cases of refractory pruritus and histologic ®
dermal hypersensitivity reaction successfully
treated with dupilumab

Nicole Edmonds, BA, Margaret Noland, MD, and R. Hal Flowers, MD
Charlottesville, Virginia

= QOspecifikt histopatologiskt ménster med dermalt
perivaskulart lymfocytinfiltrat och eosinofili med latt
eller ingen epidermal paverkan.

= |diopatiskt eller vid exempelvis bett- eller
lakemedelsreaktioner och eksem.

= Narbeslaktade begrepp: ”ltchy red bump disease”,
"toxicodermi” och ”urtikariell dermatit”

Edmonds N, Noland M, Flowers RH. Six cases of refractory pruritus and histologic dermal hypersensitivity reaction successfully treated with dupilumab. JAAD Case Rep. 2021 Nov 6;19:28-33.

21
Image: https://www.pathologyoutlines.com/topic/skinnontumordermalhypersensitivity.html, Contributed by Maxwell A. Fung, M.D.
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Typ 3 inflammation — Psoriasiformt monster %? ‘3? Institutet K
T <o Neutrofila
= Sarlakningslik vdvnadsrespons — Ty o] granulcte

Uppratthaller barridarhomeostas och skyddar o e e
mot extracellulara mikrober (svamp, bakterier) ; e

= Kannetecknas av 6kad epidermal aktivitet och
neutrofilrekrytering. Histologiskt ses akantos,
hyperparakeratos, mikroabscesser, vidgade
dermala kapillarer.

= Immunologisk profil: Th17 och Th22-celler, ILC3,
neutrofila granulocyter.

* Huvudcytokiner: IL-17A, IL-17F, 1L-22, IL-23

Psoriasis vulgaris

1. Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018 22
2. Image: pathologyoutlines.com. 3. F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015



Typ 3 — inflammation i huden - mekanismer

Skada/infektio

Antimikrobiella  Celldelar  Mikrober Cytokiner
peptider cytokiner —IL-1, IL-6 och TNFa
. av keratinocyter och celler i det
LL-37 TNFa L . .
medfodda immunforsvaret.

‘ il

Q IL-6
LL-37-DNA-komple

4

WA =P @
\J /‘ \ 1%72@"

T-hjélpar cell ™ ——p, “

CD4+ m

- E

Lymfkortel
Th22

IL, interleukin; ILC, innate lymphoid cell; Th, T-helper:

-1

IL-17-effekter
Attraktion av neutrofila
granulocyter och andra
immunceller.

Produktion av inflammatoriska

Produktion av antimikrobiella
peptider.
Okad vaskularisering.

IL-22

IL-21/22-effekter
Okad keratinocytproliferation
och minskad differentiering. Ger
akantos och parakeratos.

Karolinska

7 Institutet

Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015.

23

Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet. 2020
Images: pathologyoutlines.com

Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018



Psoriasis - Immunmekanismer

= Dominerande typ 3 inflammation med IL-17 och IL-
23 som nyckelcytokiner vid plackpsoriasis och IL-36

vid pustular psoriasis.

= Thil-signalering via IFN- o dock mer framtradande
vid paradoxal psoriasisreaktion och i akuta stadier

av psoriasis.

TNF- a-signalering sker genom flera mekanismer

Plaque psoriasis

RO,

AN
S -2 Karolinska
ai@%&t Institutet K

Stressed

TNF-q, IFN-‘,/|

keratinocytes

e~

TNF-«,
IL-1, IL-6

IS
2N

| IL-17

Keratinocyte hyperproliferation

Epidermal change
(Acanthosis, parakeratosis, hypogranulosis)

Paradoxical psoriasis

e (e

Pustular psoriasis

24

Griffiths CEM, Armstrong AW, Gudjonsson JE, Barker INWN. Psoriasis. Lancet. 2021 Apr 3;397(10281):1301-1315. doi: 10.1016/S0140-6736(20)32549-6. PMID: 33812489.
Jang Dl et al. The Role of Tumor Necrosis Factor Alpha (TNF-a) in Autoimmune Disease and Current TNF-a Inhibitors in Therapeutics. Int J Mol Sci. 2021
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= Follikular hyperkeratos leder till
follikelruptur och efterfoljande
inflammation, abscess- och fistelbildning.

= Samspel mellan T-celler, keratinocyter,
makrofager, neutrofila granulocyter och
fibroblaster.

Adipose tissue

= TNF-q, interleukin-17 och IL-1f ar e
nyckelcytokiner.

Kozera et al. The pathogenesis of hidradenitis suppurativa: Evolving paradigms in a complex disease Dermatological Reviews 2022

Goldburg SR, Strober BE, Payette MJ. Hidradenitis suppurativa: Epidemiology, clinical presentation, and pathogenesis. J Am Acad Dermatol. 2020 25
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IL-17A-inhibering vid kutan typ 3 - inflammation

Pityriasis Rubra Pilaris

Hidradenitis Suppurativa

Psoriasis vulgaris

26

Singh GK, Sekhri R, ChaBlerjee M, Baveja S, Akhoon N. Real-life experience of secukinumab injecZon in diBlcult chronic plaque-type psoriasis: A mul@ center experience. Egypt J Dermatol Venerol 2019;39:57-65
Thorlacius L, Theut Riis P, Jemec GBE. Severe hidradenitis suppurativa responding to treatment with secukinumab: a case report. BrJ Dermatol. 2018;179(1):182-185. doi:10.1111/bjd.15769
Boudreaux BW, Pincelli TP, Bhullar PK, et al. Secukinumab for the treatment of adult-onset pityriasis rubra pilaris: a single-arm clinical trial with transcriptomic analysis. Br J Dermatol. 2022;187(5):650-658. doi:10.1111/bjd.21708
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IL23/Th17-blockad vid neutrofila dermatoser

anti IL-17A-Ak

Pyoderma Gangrenosum
27

anti IL12/23-Ak

Vallerand |, Hardin J. Ustekinumab for the treatment of recalcitrant pyoderma gangrenosum: A case report SAGE Open Med Case Rep. 2019

McPhiel M, Kirchhof M. Pyoderma gangrenosum treated with secukinumab: A case report. SAGE Open Med Case Rep. 2020
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Syftar till att begransa inflammation och
underlatta sarlakning.

®* Huvudcytokiner: TGF-$ och IL-4, IL-6, IL-10

lymfoplasmocytart
| infiltrat.

=  TGF-B stimulerar fibroblasters produktion av
kollagen och andra komponenter av
extracellularmatrix.

| mangd
kollagen i
dermis.

= |L-4 stimulerar fibroblastproliferation och
kollagensyntes samt produktion av TGF-.

Extracellular
matrix

Forlust av
| periadnexalt
fett.

Morfea - sent
stadium

Fibrosis

1l

TGF-B, transforming growth factor beta.

1. Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018
2. Papara C, De Luca DA, Bieber K, Vorobyev A, Ludwig RJ. Morphea: The 2023 update. Front Med (Lausanne). 2023 Feb 13;10:1108623. doi: 10.3389/fmed.2023.1108623. PMID: 36860340; PMCID: PMC9969991. 28
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Morfea — JAK-hamning som riktad behandling? ¥ u% farainek I(

= |nitial inflammatorisk fas med typ 1/3
profil, senare fibrotisk fas med typ 2-
inflammationsprofil.

= Flera av dessa signaleringsvagar sker
genom JAK-STAT-systemet.

= Konventionell behandling med
perorala steroider, methotrexate,
fallrapporter finns aven med
behandlingseffekt av JAK-hammare.

Djup morfea — behandlingseffekt efter atta manaders behandling med
JAK 1/3-hdmmare.

1. Scheinberg M, Sabbagh C, Ferreira S, Michalany N. Full histological and clinical regression of morphea with tofacitinib. Clin Rheumatol. 2020;39(9):2827-2828. doi:10.1007/s10067-020-05118-z
2. Damsky W, Patel D, Garelli CJ, Garg M, Wang A, Dresser K, Deng A, Harris JE, Richmond J, King B. Jak Inhibition Prevents Bleomycin-Induced Fibrosis in Mice and Is Effective in Patients with Morphea. J Invest Dermatol. 2020 Jul;140(7):1446-1449.e4.. 29
Kim SR, Charos A, Damsky W, Heald P, Girardi M, King BA. Treatment of generalized deep morphea and eosinophilic fasciitis with the Janus kinase inhibitor tofacitinib. JAAD Case Rep. 2018 Apr 30;4(5):443-445
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= Det minst val karaktariserade immunmonstret.

= Inkapsling av frammande eller kroppsegna @mnen som
ej kan elimineras pa annat satt.

= Histiocyter/makrofager och epiteloidceller som kan
bilda jatteceller eller en central nekrotisk massa.
Omges av varierande grad av lymfocythdlje.

= |FN-y driver makrofagansamling och aktivering, TNF-a
underhaller granulomets funktion.

= Balans mellan TNF-a och IL-10 styr risk for kronisk

1. Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018
2. Damsky W, Thakral D, McGeary MK, Leventhal J, Galan A, King B. Janus kinase inhibition induces disease remission in cutaneous sarcoidosis and granuloma annulare. J Am Acad Dermatol. 2020 30

3. Annunziato F, Romagnani C, Romagnani S. The 3 major types of innate and adaptive cell-mediated effector immunity. J Allergy Clin Immunol. 2015.



Granulomatos inflammation - Sarkoidos

Sarkoidos

= Thl-viktad inflammation dar T-
hjalparceller producerar IL-2, TNF-a och
IFN-y.

= TNF-a och IFN-y stimulerar
makrofagansamling och aktivering.

= Anti-TNF-a-Ak har visat effekt vid
sarkoidos och kan 6vervagas vid
behandlingssvikt.

= Rapporterad effekt finns aven vid JAK
1/3-hamning.

5,

&ﬁ“ INJ& . ey ‘-".‘,.42‘.3
‘oo Karolinska
3 7 Institutet

* 0‘5
o 12

RO

Polverino F, Balestro E, Spagnolo P. Clinical Presentations, Pathogenesis, and Therapy of Sarcoidosis: State of the Art. J Clin Med. 2020 Jul 24;9(8):2363. doi: 10.3390/jcm9082363. PMID: 32722050; PMCID: PMC7465477.

Chatterjee D, Bhattacharjee R, Saikia UN. Non-Infectious Granulomatous Dermatoses: A Pathologist's Perspective. Indian Dermatol Online J. 2021 Jun 20;12(4):515-528.

Pariser RJ, Paul J, Hirano S, Torosky C, Smith M. A double-blind, randomized, placebo-controlled trial of adalimumab in the treatment of cutaneous sarcoidosis. J Am Acad Dermatol. 2013;68(5):765-773. doi:10.1016/j.jaad.2012.10.056
Damsky W, Thakral D, McGeary MK, Leventhal J, Galan A, King B. Janus kinase inhibition induces disease remission in cutaneous sarcoidosis and granuloma annulare. J Am Acad Dermatol. 2020

Image: pathologyoutlines.com 31
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Granulomatoésa hudsjukdomar - riktad behandling?

Generaliserad granuloma annulare, fére och efter fyra veckors

behandling med JAK 1-hdmmare.

Kutan sarkoidos, fore och efter tio veckors behandling med adalimumab

32

Heffernan MP, Smith DI. Adalimumab for treatment of cutaneous sarcoidosis. Arch Dermatol. 2006 Jan;142(1):17-9. doi: 10.1001/archderm.142.1.17. PMID: 16415380.
Slater KN, Valk B, Kartono F. A case of generalized granuloma annulare treated with upadacitinib. JAAD Case Rep. 2023 Feb 11;34:12-14. doi: 10.1016/j.jdcr.2023.01.027. PMID: 36936861; PMCID: PMC10015114.



Kan vi omsatta kunskapen om immunprofil till

behandlingsval hos enskild patient?

Current Medicine Future Medicine
One Treatment Fits All More Personalized Diagnostics

s Bi

Therapy

Cancer patients with
e.g. colon cancer

Cancer patients with Blood, DNA,
€.9. colon cancer Urine and Tissue Analysis

g8 > i m@

Effect
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Lupus Lichen 9P ynticaria Pemphigoid  Psoriasis

3 4a 4b

Hidradenitis ~ Sclero-

suppurativa derma Sarcoidosis

® -

n.d.

nd.

. Patter
Pattern 1 R
\
AN
1'.,9.{ eczema
TNF-a
IL-12
.d.
(pa0/p23) “
IL-17 n.d nd
IL-4Ra n.d. n.d. ‘ n.d.
IgE n.d. . -
CD20
TGF-p n.d. n.d. n.d. nd.
bLys n.d. n.d. nd.
IL-1 nd. °
IL-6 o n.d. ] n.d

n.d.

nd. nd. nd. n.d.
nd. n.d. nd.
@
nd. nd. ®
nd. n.d. nd. n.d.
nd. n.d.
nd. nd.

>

Colour: eff

Very high efficacy
(>90% improve >90%)

High efficacy
3 Il (>75% improve >75%)

Good efficacy
(>50% improve >50%)

Moderate efficacy
(<50% improve <50%)

No / conflicting evidence/
negative effect

Size: level of evidence
o O

O

Drug approved,
in clinical use

Double-blind,
randomized trials exist

Case series or
case reports

Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin diseases. J Eur Acad Dermatol Venereol. 2018

33
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beslutsstod konstrueras?
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Genuttrycksanalys av 600 olika immunrelaterade gener i hudbiopsier visar
skillnad i genaktivitet mellan olika hudsjukdomar

AD, atopic dermatitis, PsO, psoriasis, NeuD, neutrophilic dermatoses, LP, lichen planus, CLE, cutaneous lupus erythematosus, Wells, Wells syndrome

Seremet T, Di Domizio J, Girardin A, Yatim A, Jenelten R, Messina F, Saidoune F, Schlapbach C, Bogiatzi S, Minisini F, Garzorz-Stark N, Leuenberger M, Wiithrich H, Vernez M, Hohl D, Eyerich S, Eyerich K, Guenova E, Paul C,
Gottardo R, Conrad C, Gilliet M. Immune modules to guide diagnosis and personalized treatment of inflammatory skin diseases. Nat Commun. 2024 Dec 18;15(1):10688. doi: 10.1038/s41467-024-54559-6. PMID: 39695162; 34
PMCID: PMC11655867.



Stratifiering av patienter utifran immunprofil

Fig 1 (besk
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Fig 3 (beskuren)
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AD, atopic dermatitis, PsO, psoriasis, NeuD, neutrophilic
dermatoses, LP, lichen planus, CLE, cutaneous lupus
erythematosus, Wells, Wells syndrome, DHR, drug
hypersensitivity reaction, BP, bullous pemphigoid.

Seremet T, Di Domizio J, Girardin A, Yatim A, Jenelten R, Messina F, Saidoune F, Schlapbach C, Bogiatzi S, Minisini F, Garzorz-Stark N, Leuenberger M, Wiithrich H, Vernez M, Hohl D, Eyerich S, Eyerich K, Guenova E, Paul C,
Gottardo R, Conrad C, Gilliet M. Immune modules to guide diagnosis and personalized treatment of inflammatory skin diseases. Nat Commun. 2024 Dec 18;15(1):10688. doi: 10.1038/s41467-024-54559-6. PMID: 39695162; 35

PMCID: PMC11655867.
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Patienter med erytrodermi samt oklar diagnos kan 3
stratifieras utifran immunprofil

Fig 4 (beskuren)
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Seremet T, Di Domizio J, Girardin A, Yatim A, Jenelten R, Messina F, Saidoune F, Schlapbach C, Bogiatzi S, Minisini F, Garzorz-Stark N, Leuenberger M, Wiithrich H, Vernez M, Hohl D, Eyerich S, Eyerich K, Guenova E
Paul C, Gottardo R, Conrad C, Gilliet M. Immune modules to guide diagnosis and personalized treatment of inflammatory skin diseases. Nat Commun. 2024 Dec 18;15(1):10688. doi: 10.1038/s41467-024-54559-6. PMID

390695162 PMCID: PMC11655867.
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analyseras, och styra behandlingsval.

a modules Fig 2 (beskuren) Fig 5 (beskuren)
ET @7 @ Maro [FN a
[ET?2 [ENeutro [ Eosino

i domiInOa(;\t module [ | Thi D Th2 [ | Th17
PsO o w—

NeuD -
CLE e

82%

-l

n=1

5 T

LP
Healthy
AD

n=35

Wells
P

wn
o
1

patients
S s o

'sO.
NeuD
CLE

LP
Healthy
AD

n=25
[n=6_|

18% T

o
|

Th1
wels - |

5O
NeuD
CLE
Healt by
o

7 .
2%
Neutro
e E—
PsO 8
NeuD
aE

Healthy JA—
g —an—

Macro

ts

ien
o e

504

pat

n=2

% non-responding % responding

et 00
3 100%

p
Healthy
AD

|l 1
) matched non
Eosino
e matched

NeuD
CLE

Healty pre-treatment biopsies
AD

IFN 5
Wells .
PsO.
NeuD O
e N7 S
P =)
Healthy
AD S0

2

0
Module average expression

Seremet T, Di Domizio J, Girardin A, Yatim A, Jenelten R, Messina F, Saidoune F, Schlapbach C, Bogiatzi S, Minisini F, Garzorz-Stark N, Leuenberger M, Withrich H, Vernez M, Hohl D, Eyerich S, Eyerich K, Guenova E,
Paul C, Gottardo R, Conrad C, Gilliet M. Inmune modules to guide diagnosis and personalized treatment of inflammatory skin diseases. Nat Commun. 2024 Dec 18;15(1):10688. doi: 10.1038/s41467-024-54559-6. PMID: 37
39695162; PMCID: PMC11655867.
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switch hos AD-patienter som ej svarar pa Th2-blockad

Fig 5 (beskuren)
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Dessa fem patienter uppnadde komplett utlakning vid terapibyte till
JAK1/2-inhibitor.

Institutet

39695162; PMCID: PMC11655867.

Seremet T, Di Domizio J, Girardin A, Yatim A, Jenelten R, Messina F, Saidoune F, Schlapbach C, Bogiatzi S, Minisini F, Garzorz-Stark N, Leuenberger M, Withrich H, Vernez M, Hohl D, Eyerich S, Eyerich K, Guenova E,
Paul C, Gottardo R, Conrad C, Gilliet M. Inmune modules to guide diagnosis and personalized treatment of inflammatory skin diseases. Nat Commun. 2024 Dec 18;15(1):10688. doi: 10.1038/s41467-024-54559-6. PMID

38
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Time (years)

= En bredare term som omfattar bade preventiva atgarder och
medicinsk behandling.

Litman T. Personalized medicine-concepts, technologies, and applications in inflammatory skin diseases. APMIS. 2019 May;127(5):386-424. doi: 10.1111/apm.12934. PMID: 31124204; 39
PMCID: PMC6851586.
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