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• chronic autoinflammatory disease

• well-defined, raised, erythematous lesions 
with silvery-white scales

• global prevalence: 2–3%

• genetics and environmental triggers

https://saguaroderm.com/services/medical-dermatology/psoriasis/

Psoriasis vulgaris

• dysregulation of the immune system and
aberrant T cell activation 

• multiple comorbidities and other autoimmune 
disorders

• autoantigens?
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What is the role of 
unconventional T cells 
in psoriasis vulgaris?
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• ~10–30% of the T cell compartment

•  enriched in mucosal and epithelial 
sites→ skin, respiratory, digestive, 
and reproductive tracts

• rapid effector functions 

• recognition of non-peptide ligands 
presented by non-polymorphic 
antigen presenting molecules 

• TCR-independent activation MHC MR1
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• 1-10% of peripheral T cells

• tissue homeostasis, anti-microbial
response, stress surveillance, anti-
tumor activity, autoimmunity

Vδ3+
• <1% peripheral γδ T

• enriched in the liver and gut
• anti-microbial immunity
• ??

• up to ~ 30% of peripheral γδ T

• epithelial and mucosal sites → gut, skin, 
spleen, and liver

• adaptive immunobiology

Vδ1+

Vγ2/3/4/
5/8/9

• 50%–90% of the peripheral γδ T

• Vγ9+Vδ2+ / Vγ9-Vδ2 +

• innate-like effector profile

Vδ2+
Vγ9

Human γδ T cells can be distinguished by δ chain usage: 

γδT cells



• diversity amplified by junctional diversity→
insertion of palindromic sequences and of 
non-templated nucleotides

Source:IMGT

γδTCR structure and V(D)J recombination
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• Up to 5% of peripheral T cells

• subsets based on the CD4 /CD8 expression:

• CD4−CD8+ → ~80% of total circulating 
MAIT cells 

• CD4−CD8− → ~ 15% of the total MAIT

• CD4+CD8− / CD4+CD8+ → < 5%

• identified using MR1 tetramers loaded with 
the bacterial ligand 5-(2-
oxopropylideneamino)-6-D-
ribitylaminouracil (5-OP-RU) 

• variation in phenotype, function and TCR 
repertoire 

MAIT cells TCRVα7.2

(mucosal-associated invariant T)



• semi-invariant TCR consisting of an invariantly 
rearranged TCR α chain (TRAV1-2 – TRAJ33/20/12), 

combined with diversely rearranged TCR β chain

MAIT αβTCR structure and recombination



• non-specific polyclonal infiltrate in affected skin 
and a higher level of shared, public TCRγ 
clonotypes in patients with psoriasis

• clinically resolved psoriatic lesions contained 
oligoclonal populations of T cells that produced IL-
17A in both resolved and active psoriatic lesions

T cells in psoriasis



• a systemic involvement of type-3 inflammation in 
PV circulating cells

• T-cell clones that infiltrate psoriatic skin lesions do not 
exclusively possess skin-homing ability



• changes in the distribution of 
the skin-homing CLA+CCR6+ 
Vγ9Vδ2 

• infiltration into the affected 
skin  

• more than 2000 
differentially expressed 
genes (DEGs) in 
peripheral Vγ9Vδ2 cells of 
affected individuals 
compared to healthy 
controls

• increased prevalence of γδ T cells in 
the dermis of psoriatic plaques that 
expressed higher levels of IL-17

γδT cells in PV



• decrease in the 
proportion of CD4+ MR1-
tet+TCRVα7.2+ cells

• altered expression of the 
EOMES, CCR6, and 
RORγt

• high diversity in TCRβ 
clonotypic variants

• hyperexpanded 
clonotypes increasing with 
age of PV but not healthy 
individuals

• IL-17A expression in TCR-
Va7.2+CD161+ cells 
within the psoriatic
plaque–derived CD8+ 
lymphocytes

MAIT cells in PV



Hypothesis

• The peripheral proportions, phenotype and gene 
expression of immune markers related to activation, 
differentiation, migration and effector capacity, as well as the 
clonal repertoire of T cell receptors of circulating MAIT and 
γδ T lymphocytes in patients with psoriasis vulgaris differ 
significantly from the healthy controls, and correlate with 
anthropometric and biochemical characteristics and 
indicators of disease severity.



TCR repertoire analysis

Immunotranscriptomic profiling

Spectral flow cytometry analysis

Flow cytometry

immunophenotyping



Sample collection

Therapy-naive PV 
patients

Healthy control
participants

PBMC isolation

haematological 
and biochemical 

lab tests

anti-CMV 
IgM/IgG, HBsAg, 
anti-HBs, anti-

HCV, Mtb markers

• Psoriasis Area and Severity Index (PASI)

• Dermatology Life Quality Index (DLQI)

• anthropometric and demographic 
characteristics

• Exclusion criteria:

• autoimmune or inflammatory diseases

• malignancies 

• allergic reactions (6 weeks prior to 
sampling)

Department of Dermatology and 
Venereology Clinical Hospital Centre Osijek

Cell
counting

Lymphoprep 
medium density 

gradient
centrifugation

PBMC isolation

Cryopreservation
(10% DMSO in FBS)
-80, 48h, Mr. Frosty

liquid nitrogen

20 ml heparinised blood



• to determine the relative frequency of peripheral MAIT 
and γδ T lymphocyte subpopulations

• a minimum of 90 subjects (60 PV + 30 HC)

Analysis of the frequencies of MAIT and γδ T lymphocyte 
populations and subpopulations by flow cytometry
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BD FACS Canto II flow cytometer 

Szentágothai Research 
Centre in Pécs
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Single-cell analysis of surface and intracellular markers of 
MAIT and γδ T lymphocytes by spectral flow cytometry

‣ 25 samples (15 PV + 10 HC)

‣ Spectral analyser Sony ID7000 
at University of Warwick 
Medical School

Surface panel Intracellular panel

‣ OMIQ platform for analysis

• live/dead, CD3, CD45, CD4, CD8

• αβTCR, TCRVa7.2, MR1-tet, CD161

• γδTCR, Vδ1, Vδ2, Vδ3, Vγ9

• CD25, CD69, HLA-DR, CD38, CD28

• CD127, CD27, CD45RA 

• CD11a, CD103, CCR7, CCR6

• CXCR3, CXCR5, CX3CR1, CD57, PD-1

• CD16, CD56, CD94

• CLA

• CD3, CD4, CD8a, αβTCR

• γδTCR, Vδ1, Vδ2, Vδ3

• CD16, CD56, 

• CD11a, CX3CR1, PD-1

•CD27, CD28, CD45RA, CD127 

•T-bet, EOMES, TOX, BLIMP-1

•GzmA, GzmB, GzmK, granulysin, 

perforin

• Ki67
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Fluorescence-activated cell sorting of peripheral MAIT 
and γδ T lymphocytes and total RNA extraction

• Cells directly sorted into TRIzol  reagent

• total RNA extraction - Direct-zol commercial 
kit 

  

MAIT: 
CD3+TCRVa7.2+

MR1-tet+

γδT: 
CD3+ 

γδTCR+

Bio-Rad S3e sorter at the 
Department of Immunology and 
Biotechnology of the Faculty of 

Medicine in Pécs

Me (Q1, Q3)

PBMC input (x106) 12.9 (10.6, 15.9)

Sorted γδT 140760 (71220,249827)

γδT extracted RNA (ng) 106 (51,197)

Sorted MAIT 37198 (12166, 69199)

MAIT extracted RNA (ng) 45 (27-75)



  

• Immune Response Panel (Illumina) 

Immunotranscriptomic profiling analysis of MAIT 
and γδ T lymphocytes by RNA sequencing

Miniseq Illumina sequencer,
Faculty of Medicine Osijek

MAIT γδ T 

RNA 
input:
10 ng 

RNA 
input:
20 ng 

24 sequencing libraries 
(12 PV + 12 HC) 

24 sequencing libraries 
(12 PV + 12 HC) 

• 395 immunologically relevant genes



Bioinformatic analysis

STAR featureCounts DEseq2 clusterProfiler

RNA-seq aligner

hg38 genome 
reference

Measure gene 
expression in 

RNA-Seq 
experiments from 
SAM or BAM files

Test for differential 
expression by use 

of negative 
binomial 

generalized linear 
models

Statistical analysis 
and visualisation of 

functional profiles for 
genes and gene 

clusters



  

• Archer® Immunoverse -HS TCR kit

The analysis of T-cell receptor repertoires of 
MAIT and γδ T lymphocytes

NextSeq 550 Illumina platformMAIT γδ T 

RNA 
input:
25 ng 

RNA 
input:
50 ng 

40 sequencing libraries 
(25 PV + 15 HC) 

40 sequencing libraries 
(25 PV + 15 HC) 

• simultaneous sequencing of the CDR3 
regions of α-, β-, γ-, and δ-chains



Bioinformatic pipeline

MiXCR

VDJTools

immunarch



sequence alignment to the human genome 

error correction & barcode based sorting

assembly of fragmented reads

clonotype assembly





VDJTools
Basic repertoire characteristics

• read counts
• number of clonotypes

• CDR3 length
• NDN size, convergence

V(D)J segment usage
• the frequency of associated 

reads for each of V/J segments 
present in sample
• spectratype

Diversity estimation
• diversity indices: Chao1, Efron-

Thisted, D50, Shannon-Wiener, 
Simpson 

Overlap analysis
• clonotype sharing for a pair of 

samples
• Jaccard index, Morisita-Horn 

index

Pre-processing
• frequency-based correction to 

eliminate erroneous clonotypes
• filtering non-functional

clonotypes

Shared (public) clonotypes
analysis

• Clonotypes with the same AA 
sequences



immunarch

Relative abundance analysis
• the proportion of the repertoire 

occupied by the clones of a 
given size

Tracking of clonotypes
• segment usage

• The most frequent
• Public

Sequence motif visualisation

• Position probability matrix



Research contribution

New insights into the role  of 
MAIT and γδ T lymphocytes in 

psoriasis

characterise the 
molecular mechanisms 
shaping their phenotype

and function

a detailed 
characterisation of MAIT 
and γδ T lymphocytes at 
the subpopulation level 

a description of the 
previously unknown 

repertoire of T cell 
receptors of these 

lymphocyte populations 
in psoriasis



Discussion

Thank you for your 
attention!

Funding:
Croatian Science Foundation, „NGS analysis of MAIT and γδ T cell 
transcriptome: phenotype, function and TCR repertoire in the 
etiology of Psoriasis vulgaris” (UIP-2019-04-3494, PI: Assoc. Prof. 
Stana Tokić). 


	Default Section
	Slide 1: Characterisation of the phenotype, transcriptional markers and T cell receptor repertoire of circulating MAIT and γδ T lymphocytes in psoriasis vulgaris   Karakterizacija fenotipa, transkripcijskih biljega i repertoara T staničnih receptora cirku
	Slide 2
	Slide 3: What is the role of unconventional T cells in psoriasis vulgaris?
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14: Hypothesis
	Slide 15

	Sample collection
	Slide 16: Sample collection

	Flow cytometry
	Slide 17
	Slide 18
	Slide 19
	Slide 20

	Spectral flow cytometry
	Slide 21: Single-cell analysis of surface and intracellular markers of MAIT and γδ T lymphocytes by spectral flow cytometry
	Slide 22
	Slide 23: Single-cell analysis of surface and intracellular markers of MAIT and γδ T lymphocytes by spectral flow cytometry
	Slide 24

	Sorting
	Slide 25

	Immunotranscriptomic profiling
	Slide 26:     
	Slide 28: Bioinformatic analysis

	TCR sequencing
	Slide 29:      
	Slide 30: Bioinformatic pipeline
	Slide 31
	Slide 32
	Slide 33: VDJTools
	Slide 34: immunarch

	The end
	Slide 35: Research contribution
	Slide 36: Discussion


