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Summary
Background Psoriasis recurrence is a clinically challenging issue. However, the underlying mechanisms haven’t
been fully understood.

Methods RNAseq analysis from affected skin of psoriatic patients treated with topical glucocorticoid (GC) with dif-
ferent outcomes was performed. In addition, imiquimod (IMQ)-induced mouse psoriasis-like model was used to
mimic GC treatment in human psoriasis patients. Skin tissues and draining and distant lymph nodes (LNs) were
harvested for flow cytometry and histology analyses.

Findings RNAseq analysis revealed that chemokine and chemokine receptor gene expression was decreased in post-
treated skin compared to pre-treated samples but was subsequently increased in the recurred skin. In IMQ-induced
mouse psoriasis-like model, we found that gdT17 cells were decreased in the skin upon topical GC treatment but sur-
prisingly increased in the draining and distant LNs. This redistribution pattern lasted even two weeks post GC with-
drawal. Upon IMQ re-challenge on the same site, mice previously treated with GC developed more severe skin
inflammation. There were gdT17 cells migrated from LNs to the skin. This dynamic trafficking was dependent on
CCR6 as this phenomenon was completely abrogated in CCR6-deficient mice. In addition, inhibition of lymphocyte
egress prevented this heightened skin inflammation induced by IMQ rechallenge.

Interpretation Redistribution of pathogenic gdT17 cells may be vital to prevent disease recurrence and this model of
psoriasis-like dermatitis.
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Introduction
Psoriasis is an autoimmune chronic inflammatory skin
disease affecting approximately 2% of population world-
wide.1 The common challenge for psoriasis treatment
including conventional topical glucocorticoid (GC)
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treatment and many newly approved biologics is eventu-
ally disease recurrence in weeks or months interval after
drug withdrawal.2�5 Intriguingly, when disease recurs,
the appearance of new lesions is often in the place of
previous ones, suggesting immune memory involve-
ment.6 It was thought that psoriasis-specific Th17/Tc17
cells and tissue resident memory T cells (TRM) play criti-
cal roles in this process.7�10 In addition to adaptive T
cells, innate gd T cells are also thought to be involved in
psoriasis immunopathogenesis.11,12 Previous studies
have showed that dermal gd T cells are the major
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Research in context

Evidence before this study

Psoriasis is a skin autoinflammatory disease with no
cure. One of the most challenging aspects of treating
psoriasis is the tendency of psoriatic lesions to recur
after treatment is discontinued. Previous studies have
implicated that psoriasis specific Th17/Tc17 cells and tis-
sue resident memory T cells (TRM) play critical roles in
disease recurrence. In addition, innate gd T cells are also
thought to be involved in psoriasis pathogenesis. How-
ever, how these cells involve in disease recurrence and
the underlying mechanisms remain largely unexplored.

Added value of this study

Our findings suggest that trafficking pattern changes of
pathogenic gdT17 cells play a critical role in skin inflam-
mation recurrence in psoriasis-like dermatitis. gdT17 cell
dynamic trafficking between skin and draining and dis-
tant lymph nodes is dependent of CCR6.

Implications of all the available evidence

Our study suggests inhibition of pathogenic gdT17 cell
redistribution as an effective treatment to prevent dis-
ease recurrence in patients with psoriasis and in psoria-
sis-like dermatitis.
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cellular source of IL-17 in the mouse skin and play a
critical role in imiquimod (IMQ)-induced psoriasis-
like skin inflammation and human psoriatic
pathogenesis.11,13,14 Interestingly, innate gd T cells are
also shown to bear “memory” phenotype.15,16 Despite
these studies, how these cells involve in disease recur-
rence and the underlying mechanism remain elusive.

A previous study using lesional skin but now nor-
mal-appearing skin upon TNF-a antagonist antibody
(Ab) treatment has revealed that a set of inflammation-
related genes remain elevated in treated lesions.17 In
addition, genes related to lymphatic vessels and skin
structural cell types are also altered. These correlative
analyses provide insights into understanding psoriasis
recurrence. To further dissect the mechanism underly-
ing disease recurrence, we recruited a cohort of psoriatic
patients who received topical GC treatment. Lesional
skin before GC treatment was biopsied from all patients
(pre-treated). Patients who had effective treatment also
had skin biopsy (post-treated). A fraction of patients had
recurrence and skin biopsy was again performed (recur-
rent). Through unbiased RNA sequencing (RNA-Seq)
analysis from these skin tissues, we found that chemo-
kine/chemokine receptor gene expression such as
CCL20 was decreased in post-treated skin compared to
that in pre-treated lesional skin but subsequently
increased in the recurred skin. These findings led us to
hypothesize that differential trafficking patterns of
pathogenic IL-17-producing cells in psoriasis may play a
critical role in disease recurrence. IMQ-induced psoria-
sis-like mouse model has been extensively studied and
this model recapitulates some markers of human psori-
asis such as skin histopathology.11,18 We modified this
model to help dissect potential cellular etiology underly-
ing psoriasis recurrence. We found that innate IL-17-
producing gd T cells (gdT17) were initially increased in
dermis upon disease induction by IMQ but surprisingly
migrated into draining and distant lymph nodes (LNs)
after effective GC treatment. gdT17 cells persisted for a
long time and then quickly trafficked back to the
inflamed skin to induce the heightened skin inflamma-
tion, mimicking human psoriasis recurrence. This pro-
cess was dependent on CCR6, and inhibition of
lymphocyte egress abrogated the heightened skin
inflammation. Collectively, these data suggest that the
trafficking pattern changes of pathogenic gdT17 cells
may hold the key in regulating disease recurrence in
this model of psoriasis-like dermatitis.
Methods

Human subjects
Twenty-one patients (age, 27-69 years old) with psoria-
sis vulgaris were recruited. Peripheral blood (PB) and
skin biopsies of patients were taken. Patient demo-
graphics and clinical characteristics were summarized
in the Supplemental Table 1. Detailed psoriasis area and
severity index (PASI) scores from each patient and
information related to previous treatments in these
patients were summarized in Supplemental Table 2.
None of the patients had been treated with systemic
drugs for at least 4 weeks and had not been treated with
topical drugs other than emollients at least 2 weeks
prior to the study entry. The study was approved by the
Shanghai Jiaotong University Ruijin Hospital Ethics
Committee (IRB#1.1/2014-10-13). All the participants
gave their written informed consent.
Patient treatment
All patients received the topical treatment of Halometa-
sone cream (GC, Hong Kong Bright Future Pharma-
ceuticals) once daily for 2 weeks. Halometasone was
withdrawn for 4 weeks and then assessed the severities
of psoriatic lesions by PASI. One patient was excluded
due to loss of follow-up. All other patients completed
the schedule. PB and approximate 8 mm skin biopsy
were taken at the typical lesion areas before treatment,
after treatment and 4 weeks after GC withdrawal. A total
of 11 patients experienced episodes of effective treat-
ment then recurrence. Half of the biopsy tissues was
used for histology and immunofluorescent staining and
the other half of tissue was used for RNA extraction.
www.thelancet.com Vol 82 Month , 2022
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The biopsy tissues from additional three patients were
used for flow cytometry analysis.
Mice
Wildtype (WT) C57BL/6 mice (RRID:IMSR_
JAX:000664), Tcrd�/� (RRID:IMSR_JAX:002120),
Ccr6�/� (RRID:IMSR_JAX:005793) and Ccr2�/� mice
(RRID:IMSR_JAX:004999) on C57BL/6 background
were purchased from Jackson Laboratory and bred at the
University of Louisville animal facility. All animals were
housed and treated in accordance with institutional guide-
lines and approved by the Institutional Animal Care and
Use Committee (IACUC) at the University of Louisville.
Mouse treatments
WT, TCRd�/�, Ccr6�/�, and Ccr2�/� mice between 6
and 8 weeks of age were divided into Vas control group
and GC treatment group. Mice were treated daily for
5 days on each ear with 10mg of 5% imiquimod cream
(3M Health Care Limited) to induce psoriasis-like
inflammation. From Day 6, GC group mice were
treated with 10mg Halometasone on each ear every day
for 16 days along with IMQ topical treatment. Mice
treated with Vaseline (Vas) were used as controls. After
Halometasone or Vas treatment, all mice rested for 2
weeks. Mice were then re-challenged with IMQ for
7 days. Skin tissue, cervical LNs and inguinal LNs were
harvested on Day 21, Day 35 and Day 42, respectively.
For adoptive transfer experiment, cervical LNs from
Vas- or GC-treated mice on day 35 were harvested and
gd T cell were isolated with TCRgd+T cell isolation kit
(Miltenyi, Cat # 130-092-125). Total 140,000 gd T cells
were adoptively transferred into naive mouse (6-8
weeks) through retroocular vein. Recipient mice were
then challenged with IMQ for 7 days. Mice were eutha-
nized on day 8. For IMQ application on the different
ear during rechallenge phase, mice were treated daily
for 5 days on the left ear with 10mg of 5% imiquimod
cream. From day 6, mice were treated with 10mg GC
on the same site every day for 16 days along with IMQ
topical treatment. Mice treated with Vas were used as con-
trols. After GC or Vas treatment, all mice rested for 2
weeks. Mice were then re-challenged with IMQ on day 35
for 7 days on the right ear. Mice were euthanized on day
42. For FTY720 inhibitor experiments, mice received
1mg/kg FTY720 (Sigma) in normal saline by intraperito-
neal (i.p) injection one day before IMQ re-challenge, dosed
every day during the course of IMQ re-challenge. Ear
thickness was measured everyday with digital caliper
(Mitutoyo).
A single cell suspension preparation
Human skins were incubated in dispase (BD Bioscien-
ces) for 2 h at 37°C and epidermis and dermis were sep-
arated. Human dermis and mouse ear skin tissues were
www.thelancet.com Vol 82 Month , 2022
cut into small pieces and digested for 2 hours at 37°C
with rotation in complete RPMI1640 medium contain-
ing 1%FBS, 1 mg/mL collagenase type IA, 50 mg/mL
DNaseI and 400 mg/mL Hyaluronidase (all from
Sigma) and then filtered through 40 mm (mouse) or
100 mm (human) cell strainers. Human PBMCs were
separated by density gradient centrifugation using Ficoll
paque premium (GE healthcare), according to the man-
ufacturer’s instruction. Cervical LNs and inguinal LNs
frommice were also harvested to prepare single-cell sus-
pensions.
Flow cytometry analysis and intracellular staining
Fluorochrome-labeled mAbs including anti-mouse CD3
(17A2, RRID: AB_1595492), gdTCR (GL3, RRID:
AB_1595492), Vg4 (UC3-10A6, RRID: AB_10569353),
Vd4 (GL2, RRID: AB_1877234), CD45 (30-F11, RRID:
AB_312973), CD11b (M1/70, RRID: AB_312791), Gr-1
(RB6-8C5, RRID: AB_313377), and IL-17A (TC11-
18H10.1, RRID: AB_2125010) and IL1R1 (DIH9, RRID:
AB_2687367) were purchased from Biolegend. Anti-
human gdTCR (REA591, Cat # 130-113-508) was pur-
chased from Miltenyi Biotec and anti-human CD3
(UCHT1, Cat # 550795) was purchased from BD biosci-
ence. For intracellular IL-17 staining, mouse skin cells
or LN cells were treated with GolgiPlug (Biolegend) at
37°C for 4 h. Cells were first blocked with anti-CD16/32
and then stained with different cell surface Abs at 4°C
for 20 min. Cells were then fixed, permeabilized and
stained intracellularly at 4°C overnight for IL-17A. The
relevant isotype control mAbs were also used. Samples
were harvested with BD FACS Canto and analyzed with
FlowJo software (TreeStar).
RNA isolation
Skin biopsy tissues were placed in Trizol (Ambion, Foster
City, CA) and stored at -80°C for further processing. In
brief, tissue samples were placed in 2 ml tubes (axygen,
Corning) along with three stainless steel balls and run
through tissue lyser (Jingxin, Shanghai, China) 60HZ
with 60s for 3-6 times until the tissues were completely
grinded. RNAwas extracted using the Eastep� Super Total
RNA Extraction Kit (Promega, Shanghai, China) based on
manufacturer instructions.
Real time quantitative polymerase chain reaction (qRT-
PCR)
Isolated RNA was reverse transcribed into cDNA with a
Reverse Transcription Kit (Takara, Shiga Japan). qRT-
PCR was performed using SYBR Green Master (Roche,
Basel, Switzerland) according to the manufacturer’s
instructions and gene-specific primers were summa-
rized in the Supplemental Table 3. qRT-PCR was done
on an Applied Biosystems 7500. We normalized gene
expression amount to GAPDH (human) or b-MG
3
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(mouse) housekeeping genes and represented data as
fold changes by the ΔΔCt method.
RNA-Seq
Total RNA was extracted and library was constructed
and sequenced with sequencing platform BGISEQ-500
(BGI). The sample sequences were directly aligned to
the Homo sapiens hg38 reference genome assembly
using tophat2 (version 2.0.13), generating alignment
files. The number of reads was between 37 to 52 million.
The alignment rate ranged from 88-93% across the
samples from the left read, and 76-88% for the right
read, resulting in a concordant mapping rate of 72-83%.
Quality control of the raw sequence data was performed
using FastQC (version 0.10.1). For the first read, the
interquartile range remained above 30 (99.9% base call
accuracy); across the reads. Differential expression anal-
ysis was performed using the Tuxedo Suite program
cuffdiff2 (version 2.2.1). A q-value cutoff � 0.05 with
|FC| �1 was used to determine differential expression.
RNA-Seq data have been deposited into NCBI GEO
with the accession number (GSE114729).
Skin histology
Fresh human and mouse skin samples were fixed in 4%
paraformaldehyde solution for 24h, dehydrated, and
embedded in paraffin. Tissue sections (» 10mm in
thickness) were used for various staining. For histopa-
thology, human and mice sections were stained with
hematoxylin and eosin (H&E). The ear skin from WT
and Tcrd�/� mice was dissected and frozen in optimal
cutting temperature (OCT) compound. Sections (10mm
thick) were cut with a cryostat. The slides were stained
with hematoxylin and eosin for morphology and cellular
infiltration. Images were acquired at £ 200 magnifica-
tion using Aperio ScanScope digital scanners.
Immunofluorescence staining
For immunofluorescence, the ear skin from WT and
Tcrd�/� mice was dissected and frozen in optimal cut-
ting temperature (OCT) compound. Sections (10mm
thick) were cut with a cryostat. After fixation with cold
acetone for 30 min, slides were blocked with 20% FBS
in PBS for 60 min at room temperature, and then
stained with anti-mouse Gr-1 (RB6-8C5, 1:100, Biole-
gend) in 20% FBS at 4 °C overnight. Nuclei were visual-
ized by DAPI (1 µg/ml, Invitrogen, USA) staining for
10 min. Images were acquired by Nikon confocal micro-
scope system.
Statistics
Differences between two sets of data were evaluated by
2-tailed Student's t-test. For more than two groups, we
used nonparametric multiple testing methods with
human data while one-way or two-way ANOVA was
used for mouse data analysis. Data represent as mean
and error or mean § SEM as indicated. P � 0.05 was
considered statistically significant. All statistics were
done using GraphPad Prism (GraphPad Software).
Role of funders
The Funders had no roles in study design, data collec-
tion, data analyses, interpretation or writing of report.
Results

Skin tissues from psoriasis patients show fluctuated
chemokine levels that are correlated with different
disease episodes
To investigate the possible etiology underlying psoriasis
recurrence, GC was topically applied on the lesional
skin for 2 weeks and then withdrawn. A total 11 patients
experienced episodes of effective treatment and then
recurrence. Skin tissues (pre-treated, post-treated, and
recurrent) from these patients were obtained and sub-
jected to RNA-Seq analysis. Upon effective treatment
with GC, many genes and pathways related to psoriasis
pathogenesis including TCR pathway, keratinocyte
pathway, and positive regulation of innate immune
response were downregulated (Figure S1a, S1c). In con-
trast, when disease recurred, these genes and pathways
were upregulated or enriched (Figure S1b, S1d). In addi-
tion, the mRNA expression levels of IL-17 and IL-23
were also decreased post GC treatment while upregu-
lated after disease relapse (Figure S1e). Notably, lym-
phocyte chemotaxis pathway including chemokine/
chemokine receptor genes was among this list
(Figure 1a), including CCL20, CCL5, and CXCL10.
These gene expression levels in the skin from different
disease stages were also validated by qRT-PCR analysis
(Figure 1b). CCL20 is a ligand for CCR6 which is
expressed on all IL-17-producing T cells (T17), support-
ing critical roles of IL-17 played in psoriasis pathogene-
sis, treatment response, and disease recurrence. Since a
previous study reported that proinflammatory human
skin-homing Vg9Vd2 T cells are associated with psoria-
sis treatment response,19 we thus examined CD3+ T
cells and innate gd T cells in the skin and peripheral
blood (PB) during GC treatment. Upon effective GC
treatment, skin infiltrating CD3+ T cells were decreased
and so were dermal gd T cells (Figure 1c and 1e). When
disease recurred, CD3+ T cells as well as gd T cells were
increased in the lesional skin. In contrast, gd T cells in
the PB experienced an opposite wave as compared to
skin-infiltrating gd T cells. Circulating gd T cells were
increased upon effective GC treatment while decreased
when disease recurred (Figure 1d, 1f and 1g) although
total CD3+ T cells in the PB did not follow this trend.
This was revealed by both fold changes and absolute
www.thelancet.com Vol 82 Month , 2022



Figure 1. Differential chemokine/chemokine receptor gene expression profiles by RNAseq analysis and gd T cells in human
psoriasis patients. (a) Heatmaps show the differentially expressed chemokines/chemokine receptors genes in the pre- versus post-
treated skins and post-treatment versus recurrent skins. (b) The mRNA expression levels of CCL20, CCL5, CCL2, and CXCL10 assessed
by real-time PCR analysis in the pre-, post-, and recurrent skins (n=21). *P<0.05, **P<0.01 (nonparametric multiple test). (c) Skin
biopsies from pre-, post- and recurrent patients were stained with CD3, pan gdTCR, and viability dye. Cells were gated on viable
(upper) or CD3+ cells (lower). Representative flow plots are shown. (d) PB sample obtained from the same patient in panel c was
stained with CD3 and pan gdTCR. Cells were gated on total PBMC or CD3+ cells. Representative flow plots are shown. (e) Summa-
rized percentages of dermal gd T cells in skin tissues from three pre-, post-treatment, and recurrent psoriatic patients. (f) Fold
changes of PB gd T cells from patients before and after treatment (n=21) and post-treatment and recurrent (n=20) are shown.
*P<0.05 (paired Student’s t test). (g) Absolute numbers of gd T cells in 1ml PB from patients before and after treatment (n=21) and
post-treatment and recurrent (n=20) are shown. *P<0.05 (paired Student’s t test). Data in the bar figures are represented as
means§SEM.
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numbers (Figure 1f and 1g). These findings suggest that
trafficking changes of T cells, particularly innate gd T
cells may be associated with disease resolution and
recurrence in psoriasis.
IMQ-induced psoriasis-like skin inflammation is
ameliorated upon GC treatment with decreased gdT17
cells in the skin but increased in the distant LNs
To delineate the mechanisms underlying psoriasis
recurrence, we used a well-established IMQ-induced
psoriasis-like dermatitis model to mimic human psoria-
sis pathogenesis and treatment schedule. To this end,
IMQ was topically applied on mouse ear skin for 3
weeks. Starting at day 6, inflamed skin was treated with
GC or Vas. Treatment was completed on day 21 and
mice were rested for 2 weeks and then re-challenged
with IMQ for 7 days (Figure 2a). On day 21, mice treated
with GC had significantly decreased ear thickness com-
pared to Vas control (Figure 2b left), mimicking effec-
tive GC treatment in human psoriasis patients.
Consistent with previous reports,11,14 ear thickness was
significantly lower in TCR d-deficient (Tcrd�/�) mice
(Figure 2b right), suggesting critical role of gd T cells in
this model system. This was also confirmed by skin his-
tology analysis (Figure 2c). We then extensively pheno-
typed T cells in the skin and draining and distant LNs
from these mice by flow cytometry. The gating strategy
for the skin tissues (Figure S2a) and LNs (Figure S2b) is
shown in Figure S2. GC treatment drastically reduced
CD3+ T cells in the skin (Figure S3a), similar to psoriatic
patients. Dermal gd T cells, particularly Vg4Vd4 T cells
were significantly decreased in GC treated mice (Figure
S3a). Immunofluorescence staining and flow analysis
revealed that inflammatory neutrophil infiltration was
also diminished in GC-treated skin (Figure 2d). How-
ever, no difference was observed in Tcrd�/� mice. Since
gd T cells are the major cellular source of IL-17 in
mice,11 we thoroughly examined gdT17 cells in the skin
and skin draining cervical LNs and distant inguinal
LNs. Consistent with disease progression, GC-treated
mice had drastically decreased IL-17 production from
CD3+ T cells, gd T cells, Vg4 T cells, and Vg4Vd4T cells
in the skin even without re-stimulation ex vivo
(Figure 2e). This was not only by percentage but also by
absolute number (Figure 2e). In the skin draining cervi-
cal LNs, we noticed that although gd T cell percentage
was decreased in GC-treated mice, Vg4 T cells were
higher in these mice (Figure S3b). Intriguingly, Vg4 T
and Vg4Vd4 T cells even produced more IL-17 than
those from Vas control mice (Figure 2f). However, the
absolute gdT17 cells and Vg4Vd4 T17 cells in GC-treated
mice were still lower than those from Vas control mice
(Figure 2f). This was even more striking in the distant
inguinal LNs. Both total percentages of gd T cells, Vg4
T cells, and Vg4Vd4T cells (Figure S3c) and the percent
of IL-17 production from these cells were significantly
increased in GC-treated mice compared to these in Vas
control mice (Figure 2g). In addition, the absolute num-
ber of IL-17-producing gd T cells and Vg4 T cells was
also significantly increased (Figure 2g). In contrast,
CD3+gd� T cells produced minimal IL-17 and no differ-
ence was noticed in the skin draining and distant LNs
although Th17 cells were lower in the skin in GC-treated
mice (Figure S3d). Interestingly, IL-1R expression levels
on dermal gd T cells, Vg4 T cells, and Vg4Vd4 T cells
were significantly increased in GC-treated mice (Figure
S3e). Upregulation of IL-1R is found to be associated
with memory Vg4 T17 cells in skin inflammation.16

These data suggest that decreased gdT17 cells in the
GC-treated inflamed skin may migrate into skin drain-
ing and distant LNs with memory phenotype.
gdT17 cells persist in the draining and distant LNs after
GC treatment withdrawal
To mimic human psoriasis patient’s treatment sched-
ule, these mice were rested for 2 weeks after GC treat-
ment. Ear thickness in Vas control mice was gradually
decreased over time (Figure 3a). This was also con-
firmed by skin histology (Figure 3b). However, skin-
infiltrating neutrophils were found surprisingly to be
more in the GC-treated mice compared to Vas control
mice although no difference was observed in Tcrd�/�

mice (Figure 3c). The frequency and absolute number
of total dermal gdT17 cells and IL-17-producing Vg4 and
Vg4Vd4 T cells remained significantly lower in GC-
treated mice (Figure 3d) compared to those in Vas-
treated control mice. In contrast, IL-17 production from
these cells in draining and distant LNs of GC-treated
mice, both frequency and absolute number, was still sig-
nificantly higher than those in Vas control mice
(Figure 3e, f). It appears that gdT17 cells remain accu-
mulated in the draining and distant LNs after GC treat-
ment withdrawal for 2 weeks.
Rechallenge of previously GC-treated mice on the same
site drives gdT17 cell trafficking from LNs to the
dermis resulting in a heightened inflammation
We next re-challenged these mice with IMQ on the
same ear to mimic human psoriasis recurrence. After
three days of IMQ application, the changes of ear thick-
ness from previously GC-treated mice were significantly
higher than Vas control mice (Figure 4a left). However,
this phenomenon was reversed in Tcrd�/� mice
(Figure 4a middle). Similarly, fold changes of epidermal
thickness also showed significantly increase in these
mice although no difference was seen in Tcrd�/� mice
(Figure 4a right). This was also confirmed with skin his-
tology analysis (Figure 4b). More neutrophils were accu-
mulated in the previously GC-treated mouse skin as
revealed by both immunofluorescent staining and flow
cytometry (Figure 4c). This was opposite in Tcrd�/�
www.thelancet.com Vol 82 Month , 2022



Figure 2. GC treatment reduces skin inflammation and drives gdT17 cells from skin to the draining and distant LNs. (a)
Schema for mouse model establishment. (b) Mourse ear thickness was measured daily from Day 1 to Day 21. (Left) Ear thickness
from WT/IMQ/Vas and WT/IMQ/GC groups (n=24 in each group). Data are the combination of two experiments and represent
as mean and error. ****P<0.0001 (unpaired Student’s t test). (Right) Ear thickness from WT/IMQ/Vas, Tcrd�/�/IMQ/Vas, and
Tcrd�/�/IMQ/GC groups (n=5 in each group). ***P<0.001 (one-way ANOVA) (c) Representative HE stained skin sections of WT and
Tcrd�/� mice on Day 21, scale bar=50 mm. (d) (Left) Representative immunofluorescence stained skin sections of WT mice treated
with GC or Vas on Day 21 (Gr-1, red; DAPI, blue). scale bar=50mm. (Right) Summarized neutrophil percentages assessed by flow
cytometry (WT n=5, Tcrd�/� n=3) are shown. Cells were gated on CD45+CD11b+ cells. ***P<0.001 (one-way ANOVA). (e-g) IL-17
production by CD3, gd T, Vg4, and Vg4Vd4 T cells from skin (e), cervical LNs (f), and inguinal LNs (g) (n=5 in each group) on day 21.
Representative flow plots and absolute number are shown. Cells were gated on CD3, gdTCR, Vg4, Vg4Vd4 T cells, respectively. Data
are representative of at least two independent experiments with similar results. ****P<0.0001, ***P<0.001, **P<0.01, *P<0.05
(unpaired Student’s t test). Data in the bar figures are represented as means§SEM.
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Figure 3. GC treatment withdrawal maintains the distribution patterns of gdT17 cells in the skin and draining and distant
LNs. (a) Ear thickness of WT mice from Day 21 to Day 35. Data are the combination of two experiments (n=14) and represent as
mean and error. ***P<0.001 (unpaired Student’s t test). (b) Representative HE stained skin sections of WT and Tcrd�/� mice on Day
35, scale bar=50 mm. (c) Neutrophil infiltration. Representative flow plots and summarized percentages are shown. Cells were gated
on CD45+CD11b+ cells (WT n=9, Tcrd�/� n=3). Data are representative of at least two independent experiments with similar results.
**P<0.01 (one-way ANOVA). (d-f) IL-17 production by CD3+, dermal or LNs gd T, Vg4 T, Vg4Vd4 T cells from skin (d), cervical LNs (e)
or inguinal LNs (f) on day 35. Flow plots were gated on CD3+, gdTCR, Vg4, Vg4Vd4 T cells, respectively. Representative flow plots and
summarized percentage and absolute number are shown (n=4 in WT/IMQ/GC group, n=5 in WT/IMQ/Vas group. n=3 in each group
of Tcrd�/� mice). Data are representative of at least two independent experiments with similar results. ****P<0.0001, ***P<0.001,
**P<0.01 *P<0.05 (unpaired Student’s t test). Data in the bar figures are represented as means§SEM.
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Figure 4. Rechallenge of IMQ in mice previously treated with GC induces more severe skin inflammation. (a) (Left and middle)
Changes of ear thickness of WT mice and Tcrd�/� mice from Day 36 to Day 42 (ear thickness on day 35 was used as the base level).
Data are combination of two experiments (n=8 in each group) and represent as mean and error. ****P<0.0001, ***P<0.001 (unpaired
Student’s t test). (Right) Fold increase of ear thickness of WT mice (n=5) or Tcrd�/� mice (n=2-3). Data are the representative of at
least two independent experiments with similar results. **P<0.01 (one-way ANOVA). (b) Representative skin HE stained sections of
WT or Tcrd�/� mice previously treated with or without GC on Day 42. Scale bar=50mm. (c) (Left) Representative neutrophil immuno-
fluorescence stained skin sections of WT mice on Day 42, scale bar=50 mm. (Right) Summarized percent of neutrophils in the skin.
Neutrophils were gated on CD45+CD11b+ cells. The results are the combination of two experiments (n=10 in each WT mice group.
n=6 in each Tcrd�/� group). ***P<0.001, *P<0.05 (one-way ANOVA). (d-f) IL-17 production by dermal or LNs CD3, gd, Vg4, Vg4Vd4 T
cells from skin (d), cervical LNs (e) or inguinal LNs (f) (n=5) on day 42. Flow plots were gated on gdTCR, Vg4, Vg4Vd4 T cells, respec-
tively. Representative flow plots and summarized percentage and absolute number are shown (n=5 at each WT mice). Data are rep-
resentative of at least two independent experiments with similar results. (unpaired Student’s t test). Data in the bar figures are
represented as means§SEM.
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mice. IL-17 production from CD3+ T cells and gd T cells
in the skin was similar between GC-treated and Vas
control mice (Figure 4d). This was for both frequency
and absolute number. No difference was noticed for
gdT17 cells in the skin draining and distant LNs
between these two groups (Figure 4e, 4f). This was in
sharp contrast to the significant increase of these cells
before IMQ re-challenge (Figure 3e and 3f). These data
suggest that gdT17 cells accumulated in the skin drain-
ing and distant LNs from previously GC-treated mice
may migrate back to the skin leading to the increased
severity of skin inflammation.

To further determine the critical role of gd T cell traf-
ficking pattern in mediating the heightened skin
inflammation in previously GC treated mice, we sorted
gd T cells from skin draining LNs of previously GC-
treated or Vas control mice on day 35. These cells were
adoptively transferred into naÿve mice and recipient
mice were then applied IMQ on the ears (Figure S4a).
As shown in Figure S4b, mice received gd T cells from
GC-treated mice had significantly increased epidermal
thickness than those from control mice starting at day 4
post transfer. In addition, the percentages of IL-17-pro-
ducing dermal CD3+, Vg4 T cells, and Vg4Vd4 T cells
were all increased in these mice (Figure S4c) while no
difference was noticed in the draining and distant LNs
(Figure S4d). These data suggest the causative role of gd
T cells in inducing this heightened skin inflammation.
To examine the specificity of IMQ rechallenge in previ-
ously GC-treated or Vas control mice, the second IMQ
application was done on the different ear from primary
IMQ treatment (Figure S4e). Mice challenged with
IMQ on the same ear were used as control. Consistent
with previous results, GC-treated mice rechallenged
with IMQ on the same ear showed the increased epider-
mal thickness compared to Vas control mice (Figure
S4f). However, GC-treated mice received the second
IMQ application on the opposite ear showed signifi-
cantly decreased epidermal thickness compared to Vas
control mice (Figure S4f). In addition, the overall per-
centages of IL-17 production from CD3, total gd, Vg4,
and Vg4Vd4 T cells in the skin from these mice were
substantially lower than those from mice received the
second IMQ on the same ears (Figure S4g). In contrast,
IL-17-producing Vg4 and Vg4Vd4 T cells were still
higher in the draining LNs of these mice received IMQ
rechallenge on the opposite ears (Figure S4h). These
data indicate that the heightened skin inflammation
upon GC treatment is induced in the same lesional
skin, reminiscent of human psoriasis recurrence.
CCR6 is essential for gdT17 cell dynamic trafficking
between LNs and dermis
Previous studies have shown that CCR2 and CCR6 play
critical roles in gdT17 cell migration during skin inflam-
mation.20�22 We thus used home-bred WT, Ccr2�/�,
and Ccr6�/� mice to examine whether gdT17 cell traf-
ficking is responsible for the observed phenotype. In
addition, three strains of mice from the same facility
were used to eliminate the potential impact of skin
microbiota.23�25 Although upon GC treatment, all
strains of mice showed decreased ear thickness, signifi-
cant differences were recorded between WT and Ccr6�/�

mice (Figure 5a) but Ccr2�/� mice did similarly as WT
mice (Figure 5b). Neutrophil accumulation in GC-treated
WT and Ccr2�/� mice were also significantly lower than
that in Vas control mice but there was no difference in
Ccr6�/� mice (Figure 5c). In the skin, IL-17 production
from total CD3+ T cells, gdT cells, Vg4 T cells, and
Vg4Vd4 T cells was all significantly decreased upon GC
treatment (Figure 5d). However, the increased IL-17 pro-
duction from these cells in the draining and distant LNs
was completely abrogated in Ccr6�/� mice (Figure 5e).
In fact, GC-treated Ccr6�/� mice had significantly lower
IL-17 production than Vas control (Figure 5e). Similarly,
upon IMQ rechallenge in these pretreated mice, both
WT and Ccr2�/� mice received GC treatment previously
showed similar increased changes of ear thickness
(Figure 5f and data not shown). However, this phenotype
was abrogated in Ccr6�/� mice and Ccr6�/� mice
previously treated with GC had significantly decreased
epidermal thickness as compared to Vas treated control
Ccr6�/� mice (Figure 5f). Histology also revealed similar
phenotype (Figure 5g). Taken together, these data sug-
gest that CCR6 deficiency abrogates gdT17 trafficking
from affected skin to the draining and distant LNs and
vice versa.
Inhibition of lymphocyte egress abrogates gdT17 cell
trafficking and subsequent skin inflammation
Having demonstrated critical roles of gdT17 cell traffick-
ing in skin inflammation, we thought inhibition of this
migration may provide an effective approach to control
inflammation. A small molecule FTY720 is the FDA
approved drug that inhibits lymphocyte egress from
lymphoid tissues via downregulating sphingosine-1
phosphate receptor (S1PR) for multiple sclerosis treat-
ment.26 To foster potential clinical translation in
human psoriasis patients, we used FTY720 on day 35
before IMQ re-challenge. Administration of FTY720
completely abrogated enhanced ear thickness in previ-
ously GC-treated mice upon IMQ re-challenge
(Figure 6a) and the changes of ear thickness were sig-
nificantly lower in GC-treated mice compared to Vas
control mice. Similarly, increased neutrophil accumula-
tion was abrogated (Figure 6a). In addition, IL-17 pro-
duction from CD3+ T cells and total gdT cells in the skin
was significantly decreased in mice treated with
FTY720 (Figure 6b). This was not only for GC-treated
mice but also for Vas control mice. FTY720 administra-
tion before IMQ re-challenge led to an even more
marked accumulation of gdT17 and Vg4T17 in the skin
www.thelancet.com Vol 82 Month , 2022



Figure 5. gdT17 trafficking induced by GC treatment is dependent on CCR6. (A, B) Ear thickness of WT and Ccr6�/� (a) or
CCR2�/� mice (b, n=5) from Day 1 to Day 21. Data are the representative of at least two independent experiments with similar
results. Data represent as mean and error. ****P<0.0001 (two-way ANOVA). (c) Summarized neutrophil percentages. Neutrophils
were gated on CD45+CD11b+ cells. Data are the representative of at least two independent experiments with similar results (n=3 in
each group). *P<0.05 (one-way ANOVA). (d, e) Summarized IL-17 production by skin CD3+, dermal or LNs gdT, Vg4, Vg4Vd4 T cells
of WT, Ccr6�/� and Ccr2�/� mice from skin (d), cervical LNs (e, Left) or inguinal LNs (e, Right) on day 21 (n=6 in WT group, n=5 in
Ccr6�/�/IMQ/Vas group, n=6 in Ccr6�/�/IMQ/GC group, n=3 in Ccr2�/� group). Data are representative of at least two independent
experiments with similar results, ***P<0.001, **P<0.01, *P<0.05, (two-way ANOVA). (f) Ear thickness of WT and Ccr6�/� mice rechal-
lenged with IMQ from Day 35 to Day 42. Data represent as mean and error. ****P<0.0001 (two-way ANOVA). (g) Representative HE
stained skin sections from WT or CCR6 KO mice rechallenged with IMQ on day 42. Data in the bar figures are represented as
means§SEM.
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draining LNs (Figure 6c left) while these cells were dras-
tically decreased in the distant LNs (Figure 6c right).
The substantial decreased in these cells was also
observed in Vas control mice. These data suggest that
www.thelancet.com Vol 82 Month , 2022
following expansion in the draining LNs, inhibition of
gdT17 cell egress from LNs abrogates their trafficking to
the affected skin leading to significantly reduced skin
inflammation.
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Figure 6. FTY720 treatment inhibits gdT17 cell trafficking leading to reduced skin inflammation and epidermal thickness. (a) Left. Changes of ear thickness from Day 35 to Day 42
(n=5 in IMQ/Vas, IMQ/GC and IMQ/GC/FTY720 group, n=4 in IMQ/Vas/FTY720 group). Data represent as mean and error. ****P<0.0001 (two-way ANOVA). Right. Summarized neutrophil per-
centages. Cells were gated on CD45+CD11b+ cells (n=3 in IMQ group, n=4 in IMQ/FTY720 group). ***P<0.001 (one-way ANOVA). (b-c) Summarized IL-17 production by CD3+, dermal or LNs
gdT, Vg4T, Vg4Vd4 T cells from skin (b), cervical LNs (c, Left) or inguinal LNs (c, Right) on day 42. Data are representative of at least two independent experiments with similar results (n=3 in
IMQ group, n=4 in IMQ/FTY720 group). ****P<0.0001, ***P<0.001, *P<0.05 (two-way ANOVA). Data in the bar figures are represented as means§SEM.
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Discussion
In this study, we provide evidence to suggest that
dynamic trafficking of pathogenic gdT17 cells plays a
critical role in the mechanisms underlying psoriasis
recurrence in a mouse model of psoriasis-like dermati-
tis. Using skin tissues from psoriatic patients during
the different disease stages, we discover that many
genes and pathways related to psoriasis pathogenesis
are associated with different disease statuses. Among
these pathways, chemokines/chemokine receptors
appear to be a dominate pathway, particularly, CCL20-
CCR6 axis. Chemokine CCL20 is considered a potential
biomarker for disease severity, systemic inflammation,
and vascular endothelial inflammation.27 Since all T17
cells express CCR6, it is thus hypothesized that T17 cells
may play a critical role in psoriasis pathogenesis and
recurrence. Both innate gd T cells and adaptive T cells
are able to secrete IL-17.28 Previous studies have shown
that T17 cells are mainly activated and differentiated in
the skin and draining LNs. In psoriasis patients, PB gd

T cells are decreased while skin gd T cells are increased,
suggesting potential trafficking of gd T cells between an
inflamed skin and periphery (16). In the current study,
we found the similar gd T cell trafficking patterns dur-
ing different disease stages. Skin gd T cells were
increased in untreated lesional skin while decreased
upon GC effective treatment. When disease recurred,
skin gd T cells increased again. In contrast, gd T cells in
the PB experienced an opposite wave. Thus, gd T cell
trafficking appears to be correlated with disease progres-
sion, resolution, and recurrence. It will be interesting to
examine whether decrease of gd T cell frequency in the
PB over time is associated with an increased risk of pso-
riatic flair.

Although human psoriatic patient studies have
established critical correlations between T17 cells and
disease development and recurrence, it is difficult to
establish the firm causative effect. Previous studies have
demonstrated that CD8+ TRM cells produce IL-17 and
CD4+ TRM cells secrete IL-22 upon stimulation.29 How-
ever, a recent clinical study using skin biopsies from
patients received three different biologics with overall
good drug response showed a reduction in IL-17-produc-
ing CD103� T cells.30 No changes were observed in
CD103+ TRM cells. Given these perplexing results, it is
thus desirable to use an animal model which can mimic
clinical disease progression and treatment response. In
this study, we used a well-established IMQ-induced pso-
riasis-like skin inflammation model and showed that
GC treatment effectively ameliorated skin inflamma-
tion. Rechallenge of these mice on the same site by
IMQ induced accelerated skin inflammation, resem-
bling clinical disease relapse in psoriatic patients. In
this model system, we showed that dermal gdT17 cells
are associated with different skin inflammation status.
In IMQ-induced acute skin inflammation, dermal
www.thelancet.com Vol 82 Month , 2022
gdT17 cells were increased while they were decreased
upon GC effective treatment. Unexpectedly, these
innate gdT17 cells were not eliminated as a result of
effective GC treatment. In contrast, gdT17 cells were sig-
nificantly increased in skin draining and distant LNs,
suggesting potential redistribution of dermal gdT17
cells. This is reminiscent to the previous study showing
Vg4T17 cells trafficking to distant skin and inducing
the secondary IL-17-driven inflammation.16 More
importantly, adoptively transferred gd T cells from LNs
of previously GC-treated mice into naÿve mice also
induced severe skin inflammation. These data suggest a
causative effect of gd T cells in mediating this pheno-
type. Interestingly, these GC-treated mice received the
second IMQ application on the different site did not
phenocopy these effects, reminiscent of human psoria-
sis recurrence. Our results provide unequivocal evi-
dence that enhanced skin inflammation in previously
GC-treated mice is the consequence of dynamic traffick-
ing of gdT17 cells within the skin and skin draining and
distant LNs. It is worth noting that although IMQ-
induced psoriasis-like dermatitis model has been widely
used, this model has its limitations such as unintended
consequences of topical treatment.31 In addition, rechal-
lenge of IMQ on the same skin is different from recur-
rence in human psoriasis. Future studies are needed to
further examine these findings in psoriasis patients dur-
ing different disease stages.

We demonstrated that CCR6 but not CCR2 is
required for gdT17 trafficking. This is in contrast to pre-
vious studies showing that CCR2 is expressed on acti-
vated gdT17 cells and is essential for their accumulation
in inflamed skin.16,22 CCR2 is predominantly expressed
on monocytes and macrophages and is required for
their homing to inflamed skin.32,33 Since CCR2 is only
expressed on activated gdT17 cells, depletion of CCR2
on them may address the observed discrepancies. Fur-
thermore, a previous study showed that pertussis toxin
did not inhibit the migration of gd T cells from the skin
to LNs34 and sphingosine-1-phosphate receptor 2
(S1PR2) was thought to play a critical role in CCR6+ gd

T cell egress from the skin.35 However, these studies
were done in the steady conditions while skin inflam-
mation was induced in our model. Nevertheless, our
finding clearly demonstrates the critical role of CCR6
for pathogenic gdT17 cell migration and suggests that
CCR6 may serve as a therapeutic target for durable pso-
riasis treatment. Indeed, many efforts have been made
to develop CCR6 specific inhibitors including CCR6
antibody, small molecule inhibitor, and CCL20 derivate
that show efficacy to prevent skin inflammation36�38

although randomized trials are needed to firmly support
their clinical utilization. In this study, we also showed
that inhibition of lymphocyte egress by FTY720
abolished gdT17 trafficking thus leading to reduced
skin inflammation. It is thus speculated that use of
13
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CCR6-specific inhibitors or FTY720 during psoriasis
remission phase might prevent potential disease recur-
rence and ameliorate psoriasiform dermatitis in this
mouse model.

One intriguing question is why and how gdT17 cells
accumulate in the skin draining and distant LNs upon
GC treatment on inflamed skin. We found that the
mRNA levels of CCL20 but not CCL2 were increased in
the skin draining and distant LNs from GC-treated
mice. However, the increased CCL20 mRNA expression
was abrogated in CCR6 KO mice (data not shown). A
previous study also showed that GC treatment
enhanced CCL20 release in bronchial epithelial cells.39

This is in contrast to the decreased CCL20 and CCL2
mRNA levels in the skin (data not shown). These results
further support the notion that CCL20-CCR6 axis plays
an important role in pathogenic gdT17 trafficking dur-
ing skin inflammation and disease treatment. This may
not be specific for GC treatment as deficiency of IL-17R
leads to expanded gdT17 cells in skin draining LNs and
development of spontaneous skin inflammation.40 In
summary, our results suggest that dermal gdT17 cells
are decreased in the inflamed skin with ameliorated
inflammation upon GC treatment. These gdT17 cells
are not eliminated but accumulated in the draining and
distant LNs due to increased CCL20 expression. Accu-
mulation of gdT17 cells in the draining and distant LNs
provides a reservoir for their future trafficking back to
the skin. Upon re-exposure of the same insults on the
same site, pathogenic gdT17 cells can quickly migrate
from LNs to the skin leading to a heightened inflamma-
tion. This dynamic trafficking between the skin and
LNs is CCR6 dependent. Our findings thus provide
strong impetus for inhibiting pathogenic gdT17 cells
redistribution as an effective treatment to prevent dis-
ease relapse in patients with psoriasis and in this psoria-
sis-like dermatitis mouse model.
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