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Psoriatic Serum Induce an Abnormal Inflammatory Phenotype
and a Decreased Immunosuppressive Function of Mesenchymal

Stem Cells
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Background and Objectives: Mesenchymal stem cells (MSCs) have immunomodulatory function and participate in the
pathogenesis of many immunoregulation-related diseases, including psoriasis. Previously, we found that MSCs from
psoriatic lesions overexpress the proinflammatory microRNA, miR-155 and exhibit a decreased immunosuppressive
capacity. But the origin of these aberrant characteristics is still not clear. To investigate whether inflammatory cytokines
in serum and peripheral blood mononuclear cells (PBMCs) from psoriatic patients can regulate the expression patterns
of immunoregulation-related cytokines and the immunoregulation function of MSCs.

Methods and Results: Normal dermal mesenchymal stem cells (nDMSCs) were treated with serum or PBMCs derived
from patients with psoriasis or healthy donors. Expression of miR-155 and immunoregulation-related genes in each
MSCs were measured using real-time PCR or western-blot. Meanwhile, the immunosuppressive capacity of DMSCs
was evaluated by its inhibitory ability on proliferation of activated PBMCs. Compared to control serum, psoriatic serum
significantly increased the expression levels of miR-155 (27.19%£2.40 vs. 3.51%1.19, p<0.001), while decreased TAB,
expression (0.28+0.04 vs. 0.72%0.20, p<0.01) in DMSCs. Expression levels of immunoregulation-related genes such
as PGE,, IL-10, and TLR4 were also markedly down-regulated following the psoriatic serum treatment. Those DMSCs
treated with healthy serum could inhibit PBMC proliferation, while those psoriatic serum-treated DMSCs could not
inhibit PBMC proliferation effectively.

Conclusions: Psoriatic serum up-regulate the expression of miR-155, down-regulate the expression of immunor-
egulation-related genes (PGE,, IL-10, and TLR4) in DMSCs, and along with the inhibition of the immunosuppressive
function of MSCs.
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Psoriasis is an immune-mediated disorder with coex-
istence of inflammation and autoimmune responses (1).
Although the pathogenesis of psoriasis is inconclusive, evi-
dence indicates that activation of immune system by
pro-inflammatory cytokines provokes the helper T cells to
differentiate into Th1/Th17 direction, consequently result-
ing in excessive proliferation and inflammation at the
psoriasis-involved sites (2).

Mesenchymal stem cells (MSCs) are a kind of fibro-



156 International Journal of Stem Cells 2022;15:155-163

blast-like cells expressing CD29, CD73, CD90, CDI105 and
other surface markers. These cells come from a wide range
of tissues such as bone marrow, fat, placenta, skin and so
on, and have multi-directional differentiation potential
(3). MSCs have caught much attention because of its po-
tent immunomodulatory effect. Although the underlying
mechanisms of its immunomodulatory effect are not clear,
studies have demonstrated that MSCs can inhibit the pro-
liferation and function of T cells, B cells, and NK cells
by releasing extracellular vesicles and anti-inflammatory
cytokines such as interleukin-10(IL-10), prostaglandin E,
(PGE,), indoleamine 2,3-dioxygenase (IDO), and trans-
forming growth factor-4 (TGF-8) (4, 5). In addition,
TLR4 expressed by MSCs also participates in this process,
and its activation regulates the immunoregulation func-
tion of MSCs (6). Dermal MSCs (DMSCs) from psoriatic
lesions display high expression level of vascular endothe-
lial growth factor (VEGF), and low levels of interleukin-1
B (L-18), GATA-6 and CXCL14, along with decreased
immunosuppressive effect on T cells (7, 8). Additionally,
MSCs from psoriatic lesions secrete more VEGF and ni-
tric oxide than that from normal MSCs (9). Taken togeth-
er, this evidence suggests a pathogenic role of DMSCs in
psoriasis.

MicroRNA is short non-coding RNA, regulating multi-
ple functions of cells and/or tissues, such as cell pro-
liferation, organ development and metabolism, by influ-
encing expression of genes and proteins (10). Recently
studies showed that some microRNAs such as miR-146,
miR-223 and miR-155 regulated immune responses (11).
For example, miR-155 deficient mice exhibit immunode-
ficiency due to the dysfunction of B cells, T cells and den-
dritic cells (12). And we previously found that MSCs from
psoriatic lesions overexpress miR-155 and exhibit a de-
creased immunosuppressive capacity on T cells. But the
origin of these aberrant characteristics is still not clear.
Recent study has shown that inflammatory cytokines
TNF-a, IL-1 8, and IFN-7 induce miR-155 expression
in MSCs. Moreover, miR-155 can target TGF-Beta Activated
Kinase 1 (MAP3K7) Binding Protein 2 (TAB,), leading to
reduced expression levels of inducible nitric oxide syn-
thase (iNOS) and immunosuppressive effect of MSCs (13,
14). These data indicate that miR-155 plays an important
role in regulating immune responses.

Therefore, we speculated that the inflammatory cyto-
kines in the psoriatic circulation can regulate the ex-
pression of miR-155 in DMSCs, and may influence the
immunosuppressive ability of DMSCs. To test this hy-
pothesis, here we treated DMSCs with serum or PBMCs
derived from patients with psoriasis or healthy donors.

Expression of miR-155 and immunoregulation-related
genes PGE,, IL-10, and TLR4 in each MSCs were meas-
ured using real-time PCR or western-blot. Meanwhile, the
immunosuppressive capacity of DMSCs was evaluated by
its inhibitory ability on proliferation of activated PBMCs.

Materials and Methods

Patients and collection of samples

Blood samples were taken from 12 psoriatic patients (6
males and 6 females, aged 19~55 years) and 12 healthy
volunteers (8 males and 4 females, aged range 16~54
years), while skin samples were collected from 5 healthy
volunteers (3 males and 2 females, aged 18~50 years). All
participants provided informed consent, and no topical or
systemic immunosuppressants, glucocorticoids, tretinoin
were received within three months prior to the study. The
protocol was approved by the Medical Ethics Committee
of the Taiyuan central hospital (ID:2016005).

Isolation and expansion of DMSCs

DMSCs were isolated and cultured according to meth-
ods described previously (7). After 72- hour culture, the
non-adherent cells were discarded, and half of medium
was changed every 3~4 days. The adherent DMSCs were
passaged at 80% confluence. The cell surface markers, in-
cluding CD29, CD44, CD34, CD105, CD45 and HLA-DR
(Becton, Dickinson and Company, New York, USA), were
detected by flow cytometry (Beckman Coulter, Inc., CA,
USA). The osteogenic and adipogenic differentiation of
MSCs in vitro was also performed according to published
protocols (7).

Collection of serum and PBMCs

Blood from 6 patients and 6 controls was collected in
S ml promoting coagulating tubes. After centrifugation at
4000 r/min for 5 min, the serum was filtered and stored
at —80°C. Five ml of peripheral blood was obtained from
each subject (6 patients and 6 controls), and PBMCs were
isolated by Ficoll-Hypaque gradient separation (8).

DMSCs treated with serum and PBMCs

The passage 3 DMSCs at 70% confluence were cultured
in DMEM/F12 medium, containing 50% human serum,
for 24 hours at 37°C in a humidified atmosphere supple-
mented with 5% CO,. Meanwile, after washing with PBS,
PBMCs were co-cultured with DMSCs at a ratio of 5 : 1
for 24 h at 37°C. Normal DMSCs (nDMSCs) cultured
with 10 ng/ml TNF-a and 10 ng/ml IL-1 8 served as pos-
itive control. Afterwards, cells were digested with trypsin



and harvested. DMSCs treated with psoriatic and normal
serum were abbreviated as PS-DMSCs and HS-DMSCs.
And DMSCs treated with psoriatic PBMCs, normal
PBMCs and cytokines were abbreviated as PMNC-DMSCs,
HMNC-DMSCs and Cy-DMSCs, respectively.

Co-culture of PBMCs and DMSCs

To assess the paracrine effects of HS-DMSCs and
PS-DMSCs on PBMCs, PBMCs (peripheral blood from 3
normal subjects) were co-cultured with DMSCs in trans-
well (Corning, NY, USA). DMSCs were added to the up-
per chamber at a cell density of 2x10°/well in DMEM/
F12 medium, and PBMCs stimulated by 50 g/ml Phyto-
hemagglutinin (PHA; Solarbio, Beijing, China) were add-
ed to the lower chamber at a density of 1x10%well in
RPMI 1640 medium. Experiment included the following
five groups: a. Normal DMSCs group: nDMSCs+PBMCs;
b. Normal serum group: HS-DMSCs+PBMCs; c. Psoriatic
serum group: PS-DMSCs+PBMCs; d. Cytokines group:
Cy-DMSCs+PBMCs, and e. Control: PBMCs cultured
alone. All groups were co-cultured for 72 h in 12-well
transwell plates with 0.4 zm filter at 37°C in a humidi-
fied atmosphere supplemented with 5% CO,. The sus-
pended cells were collected for subsequent assay.

Table 1. Primers used for RT-gPCR
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Real-time PCR

After co-cultured with PBMCs or serum, total RNA was
extracted from DMSCs, using Trizol (Invitrogen, Carlsbad,
CA, USA) and miRNeasy mini kit (Qiagen, Hilden,
Germany). Quantitative real-time PCR (qRT-PCR) re-
action contained 2 «1 cDNA, 10 «1 SYBR premix EX
Taqll (TaKaRa, Dalian, China), 0.4 «1 ROX Reference
Dye (TaKaRa), and 0.4 1 primers (Table 1). The relative
gene expression levels were calculated by the 2~ meth-
od and normalized to U6 RNA (miRNA) and A-actin
mRNA (mRNA).

Western blot assay

Western blot assay was performed, using Wes system
(ProteinSimple, Silicon Valley, CA, USA) according to
manufacturer’s instructions described in published proto-
cols (15). The B-actin protein was used as internal refer-
ence, and the image was analyzed by Compass software
(ProteinSimple).

PBMC proliferation assay

PBMC proliferation was measured using a CCK-8 assay
kit (Boster, Wuhan, China) according to manufacturer’s
instructions. The cells (5~10x10° cells/ml) were seeded

Gene name Primer sequences (5’ ~3’) Tm (C) Product size (bp)

U6 F: GCTTCGGCAGCACATATACTAAAAT 60 89
R: CGCTTCACGAATTTGCGTGTCAT

B-actin F: AGAGCTACGAGCTGCCTGAC 60 270
R: AGCACTGTGTTGGCGTACAG

miR-155 GSP: GGGGTAATGCTAATCGTGA 60 66
R: CAGTGCGTGTCGTGGAG

TAB, F: GCCCAATACGAAATACAC 58 146
R: CATCAGATCCCATACTCA

SMAD, F: CCGACACACCGAGATCCTAAC 58 125
R: GAGGTGGCGTTTCTGGAATATAA

SOCS-1 F: CACGCACTTCCGCACATTC 55 191
R: TAAGGGCGAAAAAGCAGTTCC

IL-10 F: GCCAAGCCTTGTCTGAGATG 60 138
R: AAGAAATCGATGACAGCGCC

PGE, F: CCGTGCTGCCTGTCATCT 60 177
R: AGGCGAGCACCGAGACAA

TLR4 F: AGACCTGTCCCTGAACCCTAT 58 147
R: CGATGGACTTCTAAACCAGCCA

IL-8 F: CTTGGCAGCCTTCCTGATTT 60 265
R: CTCAGCCCTCTTCAAAAACT

IL-17A F: CAAGACTGAACACCGACTAAGG 60 162
R: CCATTCCTCAGGGCCATTATC

IL-23 F: AGTGGAAGTGGGCAGAGATTC 60 115
R: CAGCAGCAACAGCAGCATTAC
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into 96-well plates (100 «1/well). After incubation for 24
h at 37°C, 10 «1 of CCK-8 solution was added to each
well, and incubated for 4 h. The absorbance at 450 nm
(OD value) was detected with Type 352 automatic micro-
plate reader (Labsystems, Helsinki, Finland), and the pro-

(@)

liferation of PBMCs was reflected by OD value. Afterwards,
total RNA was extracted from PBMCs using Trizol
(Invitrogen) for qRT-PCR. The -actin mRNA was used
as internal reference. Primers were shown in Table 1.
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Fig. 1. Psoriatic serum up-regulate miR-155, while inhibiting TAB, expression in DMSCs. (a) Cell morphology of untreated DMSCs,
PS-DMSCs, PMNC-DMSCs (scale bar=100 zm); (b) The mRNA levels of miR-155 were up-regulated and TAB, were down-regulated in
PS-DMSCs and Cy-DMSCs than in HS-DMSCs; (c, d) The protein levels of TAB, were down-regulated in PS-DMSCs and Cy-DMSCs than
in HS-DMSCs; (e) The mRNA levels of miR-155 and TAB, were similar between PMNC-DMSCs and HMNC-DMSCs. *Represents the
difference between each group and nDMSCs. *p<0.05, **p<0.01, ***p<0.001, N=6. Abbreviation: nDMSCs: untreated DMSCs;
HS-DMSCs: DMSCs treated with normal serum; PS-DMSCs: DMSCs treated with psoriatic serum; HMNC-DMSCs: DMSCs treated with
normal PBMCs; PMNC-DMSCs: DMSCs treated with psoriatic PBMCs; Cy-DMSCs: DMSCs treated with cytokines (TNF-a and IL-1 8).



Statistical analysis

All data were expressed as mean+SEM. IBM SPSS 19.0
software was used to perform statistical analysis. The
group comparison was performed using one-way ANOVA
analysis (>two groups). p<0.05 was considered significant.

Results

Psoriatic serum up-regulate miR-155, and
down-regulate its target gene TAB, expression in
DMSCs

Although co-culture of DMSCs with either psoriatic se-
rum or psoriatic PBMCs did not induce noticeable
changes in the morphology of DMSCs (Fig. 1a), psoriatic
serum markedly up-regulated expression levels of miR-155
(27.19x2.40 vs. 3.51£1.19, p<0.001), while down-regulat-
ing TAB, mRNA (Fig. 1b) (0.28+0.04 vs. 0.72+0.20, p<
0.01) and protein (Fig. 1c, 1d and Fig. S1) (0.03+0.00 vs.
0.62+0.00, p<0.01) in comparison to normal serum-trea-
ted DMSCs. In contrast, normal PBMCs (HMNC) and
psoriatic PBMCs (PMNC) exhibited a comparable effect
on expression levels of miR-155 and TAB, (Fig. le).
Notably, expression levels of mRNA for SMAD, and
SOCS-1 were also comparable between HS-DMSCs and
PS-DMSCs, HMNC-DMSCs and PMNC-DMSCs (Fig. 1b
and le). These results demonstrate that psoriatic serum
up-regulate miR-155 expression, while inhibiting TAB,
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expression in DMSCs.

Psoriatic serum down-regulate the expression of
IL-10, PGE2, TLR4 in DMSCs

Next, we aimed to determine whether PBMCs and se-
rum regulate expression of other immunoregulation-re-
lated genes such as IL-10, PGE,, TLR4 in DMSCs. As
shown in Fig. 2a, mRNA expression of IL-10, PGE,, and
TLR4 were significantly lower in PS-DMSCs than in
HS-DMSCs (p<0.05). However, the expression levels of
these genes were not significantly different between
PMNC-DMSCs and HMNC-DMSCs (Fig. 2b, p>0.05). In
accordance with the results of mRNA, the protein levels
of TLR4 and IL-10 were obviously lower in PS-DMSCs
than in HS-DMSCs (Fig. 2c, 2d, and Fig. S1, p<0.001).
These results demonstrate that in comparison to normal
serum, psoriatic serum down-regulate expression of IL-10,
PGE,, and TLR4 in DMSCs, while PBMCs from normal
and psoriatic subjects exhibit a comparable effect on ex-
pression levels of these biomarkers. The raw images of
western blot are shown in the supplementary Fig. S1.

Psoriatic serum negatively regulate the
immunosuppression of DMSCs

Because psoriatic serum decrease expression of various
immunoregulation-related biomarkers in DMSCs. In order
to further explore whether the abnormal expression of

Fig. 2. Psoriatic serum suppress the
mRNA expression of immunoregula-
tion-related genes in DMSCs. (a)
Expression levels of mRNA for IL-10,

—— 3 nDMSCs
[t B HUNC-DMSCs  PGE, and TLR4 were down-regu-

E@ PMNC-DMSCs

22 Cy-DMSCs lated in PS-DMSCs and Cy-DMSCs

than in HS-DMSCs; (b) The mRNA
levels of IL-10, PGE;, TLR4 were
similar between PMNC-DMSCs and
HMNC-DMSCs; (c, d) The protein
levels of IL-10 and TLR4 were down-
& & regulated in PS-DMSCs and Cy-
DMSCs than in HS-DMSCs. *Re-
presents the difference between each
group and nDMSGs. *p<0.05, **p<
0.01, ***p<0.001, N=6. Abbrevia-
tion: nDMSCs: untreated DMSCs; HS-
errmers: O mouses - DMSCs: DMSCs treated with norml
i mm psovscs  serum;  PS-DMSCs: DMSCs  treated
Hlm £ Cy-DMSCs with psoriatic serum; HMNC-DMSCs:
DMSCs treated with normal PBMCs;
PMNC-DMSCs: DMSCs treated with
psoriatic PBMCs; Cy-DMSCs: DMSCs
treated with cytokines (TNF-a@ and
TLR4 IL-1 8).
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these immunoregulation-related genes can affect the im-
munosuppressive function of MSCs, we evaluated the in-
hibitory effect of each MSCs on the proliferation of acti-
vated PBMCs. As shown in Fig. 3a and 3b, either nDMSCs
or HS-DMSCs inhibited PBMC proliferation (p<<0.001 vs.
PBMCs cultured alone). In contrast, PS-DMSCs lost their
ability to inhibit PBMC proliferation (2.59+0.03 in
PS-DMSCs vs. 1.92+0.06 in HS-DMSCs, p<0.001) (Fig.
3b). Similarly, PS-DMSCs displayed less potency in in-
hibiting expression of mRNA for cytokines in PBMCs in
comparison to HS-DMSCs (p<<0.05 for all) (Fig. 3c). The
results indicate that psoriatic serum not only induce ab-
normal expression patterns of immunoregulation-related
cytokines, but also impair the immunosuppressive func-
tion of DMSCs.
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Discussion

Psoriasis is a Th1-Thl7-mediated cutaneous inflamma-
tory disease, accompanied by elevations in circulatory lev-
els of inflammatory cytokines (16-18). It has been postu-
lated that psoriatic lesions are caused by abnormal inter-
action of the cutaneous cells and immune system, and ac-
tivation of dendritic cells by inflammation, resulting in in-
creased pro-inflammatory cytokines such as IFN- 7, TNF-
a, and IL-23, consequently leading to stimulation of dif-
ferentiation and proliferation of Thl and Thl7, and re-
lease of TNF-«, IL-17, and IL-22. Increased cytokines can
further induce cutaneous inflammation (19, 20). However,
how cutaneous cells such as DMSCs are involved in the
cutaneous inflammation in psoriasis is still not completely

PBMCs
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E3 PBMCs

Fig. 3. Psoriatic serum inhibit the immunosuppression of DMSCs. (a) Morphology of PBMCs cultured alone and co-cultured with either
HS-DMSCs or PS-DMSCs or Cy-DMSCs for 3 days; (b) Proliferation of PBMCs cultured alone and co-cultured with either HS-DMSCs or
PS-DMSCs or Cy-DMSCs for 3 days, *Represents the difference between each group and nDMSCs, ***p<0.001; (c) Expression levels
of mRNA for IL-17A, 1L-23, and IL-8 in PBMCs cultured alone and co-cultured with either HS-DMSCs or PS-DMSCs or Cy-DMSCs, a repre-
sents p<0.05 vs. NDMSCs, b represents p<0.001 vs. NDMSCs, c represents p<0.05 vs. HS-DMSCs, d represents p<0.001 vs. HS-DMSCs,
**%¥p<0.001, N=6. Abbreviation: nDMSCs+PBMCs: PBMCs co-cultured with nDMSCs (untreated DMSCs); HS-DMSCs +PBMCs: PBMCs
co-cultured with HS-DMSCs (DMSCs treated with normal serum); PS-DMSCs~+PBMCs: PBMCs co-cultured with PS-DMSCs (DMSCs treated
with psoriatic serum); Cy-DMSCs+PBMCs: PBMCs co-cultured with Cy-DMSCs (DMSCs treated with cytokines [TNF-a@ and IL-1 4]); PBMCs:

PBMCs cultured alone.



understood although some of their immunomodulatory
properties have been demonstrated.

In addition to the multi-directional differentiation po-
tential and high plasticity, MSCs also possess the capaci-
ties of tissue remodeling/repair, support of hematopoiesis,
angiogenesis, migration and chemotaxis, and immunomo-
dulatory properties (21). As an important part of the der-
mis, DMSCs significantly regulate the skin microenviron-
ment through secreting cytokines which play a crucial role
in the pathogenesis of psoriasis. Studies have suggested
the following possible mechanisms. First, DMSCs can en-
hance proliferation and inhibit apoptosis in HaCaT cells,
and eventually result in epidermis hyperplasia (22).
Second, DMSCs can promote dermal angiogenesis by reg-
ulating angiogenesis-related factors (23). Third, DMSCs
show a greater regulation of the imbalance between
Th1-Th17 and Th2 inflammatory axes via secreting im-
munoregulation-related genes and anti-inflammatory cyto-
kine (20). These mechanisms constitute the typical histo-
logical changes of psoriasis include epidermal hyperplasia,
neovascularization, inflammatory infiltrates composed of
neutrophils, T cells, and macrophages.

The immune-regulation function of MSCs mainly de-
pend on a serious of cytokines they secreted and their di-
rect contact with immune cells. Recent studies demon-
strated that psoriatic DMSCs secret increased pro-
liferation-related molecules such as epidermal growth fac-
tor (EGF), stem cell factor (SCF) and decreased negative
regulatory factors transforming growth factor-5 (TGF-
B), basic fibroblast growth factor (bFGF), which resulted
in promotion of keratinocyte (KC) proliferation and in-
hibition of KC apoptosis (7). The up-regulation of epi-
dermal growth factor-like repeats and discoidin I-like do-
mains3 (EDIL3), angiomotin (AMOT), extracellular ma-
trix proteinl (ECM1) and the down-regulation of tumor
necrosis factor superfamilylS (TNFSF15), transcription
factor GATA6, thrombospondins (THBS) in psoriatic
DMSCs result in the excessive vasodilation and angio-
genesis (23). Besides, studies have also shown that psori-
atic DMSCs express high level of human leucocyte anti-
gen-I, exhibit decreased differentiation ability as well as
weakened immunosuppressive capacity (24). MSCs exert
its immunosuppressive properties by expressing immunor-
egulation-related genes TLR4 and releasing serious of an-
ti-inflammatory cytokines such as PGE,, IL-10, and IDO,
restraining the immune response to increased levels of cy-
tokines, including IFN-7, TNF-a, and IL-15 (25).
Numerous studies found that miR-155 can regulate the ex-
pression of many inflammatory cytokines, so it is consid-
ered to be pro-inflammatory miRNA (26). We have pre-
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viously found that MSCs from psoriatic lesions over-
express miR-155 (14). So, the purpose of this study is to
explore the reason of increased miR-155 expression in
psoriatic DMSCs and its effect on MSC function.

In the present study, we show that expression levels of
miR-155 were up-regulated in MSCs when treated by
psoriatic serum, which is consistent with previous results
(13, 14). At the same time, the miR-155 target gene TAB;
was down-regulated following the treatment of psoriatic
serum, while the expression of the other two miR-155 tar-
get gene SOCS-1 and SMAD, were not influenced by
psoriatic serum. So, we consider that miR-155 is more
likely to involved in the psoriatic MSCs dysfunction by
targeting TAB; rather than SOCS-1 or SMAD;. Our data
also found that expression levels of some im-
munomodulation-related genes PGE,, IL-10, TLR4 were
down-regulated in DMSCs following the treatment with
psoriatic serum. Psoriatic serum can induce the abnormal
expression of immunoregulation-related genes. It is gen-
erally known that the gene expression and function of
MSCs are regulated by the inflammatory cytokines of the
microenvironment, and inflammatory cytokines TNF-a,
IL-1/4 and IFN-7 are increased mainly in psoriatic se-
rum (27). Therefore, we inferred that the increased in-
flammatory cytokines TNF-a, IL-1 8 in the psoriatic cir-
culation may induce the abnormal expression of miR-155
and immunoregulation-related genes. As shown in our re-
sults, psoriatic serum displayed a comparable effect on
regulating of DMSCs gene expression with the cytokine
combination TNF-¢ and IL-1/3, which also confirmed
our conjecture that the increased inflammatory cytokines
such as TNF-«@ and IL-1/ in psoriatic circulation can
induce an abnormal immunoregulation-related genes phe-
notype in DMSCs.

As a target gene of miR-155 and a multifunctional sig-
naling molecule, TAB; can promote activation of NF- « B,
JNK, TLR/IL-1 signaling pathway and ubiquitination of
IL-1-dependent TNF receptor-associated factor 6 (TRAF6)
(28). Previous study suggested that RNF4 negatively regu-
lates NF-« B pathway through down-regulating TAB,
(29). And activated TLR4 triggers NF-« B pathway and
in turn causes inflammatory responses (30). Furthermore,
a recent study shows that TLR4 activation of MSCs pro-
motes the induction of Treg (6). NF-kB signaling pathway
participates in the immunoregulatory functions of MSCs
on T cell activation and proliferation, and the function
was markedly decreased after inhibiting the pathway (31).
Gutierrez indicated that Petiveria alliacea regulate the
production of inflammatory cytokines such as PGE; and
IL-10 by down-regulating NF- « B signaling pathway (32).
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Fig. 4. The effect of psoriatic serum on dermal mesenchymal stem
cells. The increased TNF-@ and IL-18 in the psoriatic serum
up-regulate the expression of miR-155 and down-regulate the ex-
pression of TAB, in DMSCs, along with the down-regulation of ex-
pression of PGE,, IL-10 and TLR4 and decreasing immuno-
suppressive ability of DMSCs. As a result, the proliferation and ex-
pression of inflammatory cytokines IL-17A, IL-23, IL-8 of PBMCs
were increased, which in turn, further aggravate cutaneous
inflammation.

Our present study also found a significant decreased ex-
pression of TLR4, PGE,, and IL-10 along with the TAB,
inhibition. PGE, has been found to stimulate the secretion
of IL-10, promote Tregs differentiation, and decrease the
proliferation of T cells (33). IL-10 can down-regulate the
expression of Thl cytokines, stimulate the secretion of
HLA-GS and inhibit the ability of DCs (34). So, it is rea-
sonable to speculate that down-regulated TAB, may cause
the inhibition of MSC immunoregulation through NF-« B
signaling pathway. Our results also confirmed that the in-
hibition of DMSCs on PBMC proliferation were weakened
along with the down-regulation of PGE,, IL-10, and TLR4
after psoriatic serum treatment. These results illustrated
that the up-regulated miR-155, the down-regulated target
gene TAB; and immunoregulation-related genes TLR4
may cause the decrease of PGE,, IL-10 by inhibition of
NF- « B signaling pathway, and resulted in a decreased
immunosuppressive function of MSCs.

In conclusion, we found in this study that serum from
psoriatic patients induce an abnormal inflammatory phe-
notype and a decreased immunosuppressive function of
mesenchymal stem cells. The elevated inflammatory cyto-
kines such as TNF-¢ and IL-1/5 in the psoriatic serum
likely contribute to the up-regulation of miR-155 and the
down-regulation of its target gene TAB, in DMSCs.
Moreover, the levels of immunoregulation-related genes
were decreased in DMSCs after treated by psoriatic serum,
along with decreased immunosuppressive function of
DMSCs. This process may be mediated by NF-« B signal-
ing pathway (Fig. 4). However, further studies are still

needed to clarify the specific mechanisms by which in-
flammatory cytokines in the serum alter the function of
DMSCs and the role of miR-155 in this process.
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