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Thymic stromal lymphopoietin (TSLP) is a pleiotropic cytokine that is involved in
the pathogenesis of inflammatory diseases and asthma, but the expression and
biological implications of the existence of two isoforms, long TSLP (ITSLP) and
short TSLP (sTSLP), in RA have yet to be elucidated. Here we report that [TSLP is the
predominant TSLP isoform in RA and active RA, whereas sTSLP is the major TSLP
isoform in inactive RA and healthy controls. [TSLP expression is associated with
disease activity, including 28-joint Disease Activity Score (DAS28) and erythrocyte
sedimentation rate (ESR), as well as proinflammatory cytokine expression,
irrespective of other laboratory parameters. Importantly, (TSLP alone or
combined with LPS promotes the expression of proinflammatory cytokines IL-
1B, IL-6, and IL-8 in PBMCs of RA, but restrains anti-inflammatory cytokine IL-10
expression in PBMCs of RA. Furthermore, we found that STATS5 signaling is involved
in ITSLP-induced inflammatory accumulation in PBMCs of RA. Therefore, these
results highlight the clinical significance of ITSLP in RA pathology and inflammatory
response in acute-phase disease, which may provide a therapeutic target for RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic multisystem autoimmune disease that affects
approximately 0.5-1.0% of adults and is characterized by chronic synovial inflammation and
irreversible joint damage (1, 2). Although the etiology of RA is complex, with environmental,
genetic, and immune factors all participating, the main RA pathological immune cause is
thought to be dysregulated immune responses, with abnormally infiltrating inflammatory cells
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producing a variety of inflammatory cytokines (2, 3). Dysregulation of
cytokine profiles has been proved and is frequently associated with an
enhancement of proinflammatory cytokines (such as interleukin (IL)-1,
IL-6, IL-8, and TNF-o) and attenuation of anti-inflammatory cytokines
(such as IL-10 and TGF-B) in patients with RA (4). The abnormal
production of these cytokines exacerbates the onset and duration of
inflammation, ultimately resulting in irreversible joint destruction (5).
Therefore, determining inflammatory cytokine signatures and
suppressing pro-inflammatory cytokine expression could be
promising strategies for RA in the prevention and treatment.

Thymic stromal lymphopoietin (TSLP) is a cytokine that belongs
to the IL-7 family, which is predominantly produced by epithelial cells
in mucosal tissues, also expressed by dendritic cells (DCs),
monocytes, and mast cells (6-11). TSLP exerts pleiotropic effects by
binding with a heterodimeric receptor complex composed of the
TSLP receptor chain (TSLPR) and IL-7 receptor-a. (IL-7Rat), which is
widely expressed both on hematopoietic and non-hematopoietic cells
(12-14). TSLP can drive allergic Th2 responses with the production of
cytokines IL-4, IL-5, IL-13, and TNF-o. via regulating OX40 ligand
expression on DCs. Our work recently highlights the adjuvant activity
of TSLP in inducing antiviral protective immunity (15, 16). Moreover,
TSLP has been implicated in chronic inflammation, autoimmune
diseases, and cancer (11, 17-21).

Recently, two distinct human isoforms of TSLP, a long isoform of
TSLP (ITSLP) and a short isoform of TSLP (sTSLP), have been
identified (22). The human ITSLP and murine TSLP share the same
heterodimer receptor. sTSLP is composed of 63 amino acids and is
homologous to the C-terminus of ITSLP (20, 23). Studies revealed that
sTSLP is the primary isoform expressed under a steady-state
condition and has anti-inflammatory and antimicrobial activities,
whereas ITSLP is the major isoform expressed in an inflammatory
state and promotes inflammatory responses (24-27). Because TSLP is
a dual-functional cytokine with distinct isoforms, it is critical to
determine its role in various diseases. However, the expression
profiles and functions of two TSLP isoforms in RA patients
remain unknown.

The present study aimed to assess ITSLP and sTSLP expression
levels in RA patients and to investigate their correlation with RA
activity, clinical and laboratory parameters, and inflammatory
cytokines. We further sought to evaluate the regulatory role and
mechanism of 1TSLP in inducing the expression of inflammatory
cytokine profiles in RA patients.

Results

[TSLP expression levels were upregulated in
RA patients, particularly in active RA cohorts

To investigate whether TSLP isoforms (ITSLP and sTSLP) were
involved in the pathogenesis of RA, we enrolled 68 RA patients and 66
age-and sex-matched healthy controls (HC), as detailed in Table 1.
Initially, we revealed that both ITSLP and sTSLP mRNA expression
levels were markedly increased in PBMCs of RA patients compared to
healthy controls (Figure 1A). As it is well known that sTSLP is
predominately expressed under steady-state conditions while ITSLP is
preferentially expressed in inflammatory conditions, we assessed the
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expression difference of TSLP isoforms in the PBMCs of patients with
RA and healthy controls. Consistent with these previous findings, we
detected much higher mRNA expression levels of sSTSLP than ITSLP
in PMBCs of healthy controls, whereas ITSLP was the predominant
isoform in RA cases (Figure 1B). These results appear to suggest that
sTSLP is the major isoform of TSLP encountered under steady-state
conditions, whereas ITSLP is more dependent on inflammatory
environments. To verify this hypothesis, we classified RA patients
into active groups (28-joint Disease Activity Score (DAS28) > 2.8) and
inactive groups (DAS28 < 2.8) according to RA disease activity. As
shown in Figure 1C, sTSLP mRNA expression in PBMCs of active RA
patients was notably lower than that in inactive RA cases. Conversely,
RA patients in the acute activity phase had considerably higher ITSLP
mRNA expression than inactive RA cases (Figure 1D). Afterward, RA
patients were divided into prednisolone-treated and untreated groups
to see whether effective RA treatment could influence ITSLP
expression. We observed that prednisolone treatment greatly
reduced ITSLP in RA patients (Figure 1E), particularly active RA
patients (Figure 1F). These findings indicate that the upregulation of
sTSLP in RA may serve as a feedback mechanism to maintain
homeostasis and anti-inflammatory properties, whilst increased
ITSLP levels may promote the inflammatory response in RA.

[TSLP expression was positively associated
with DAS28 and ESR in RA patients

Since ITSLP mRNA expression, but not sSTSLP mRNA expression,
strongly coincided with disease activity progression, we wondered if
ITSLP expression was linked with clinical and pathological parameters
of RA. Interestingly, ITSLP mRNA levels were considerably and
positively correlated with the DAS28 score (r = 0.7825, P < 0.0001)
and the inflammatory marker erythrocyte sedimentation rate (ESR, r =
0.3503, P < 0.0034) (Figures 2A, B). However, there was no significant
linear correlation between ITSLP mRNA levels and other laboratory
values such as rheumatoid factor (RF, Figure 2C), C-reactive protein
(CRP, Figure 2D), complement component 3 (C3, Figure 2E),
complement component 4 (C4, Figure 2F), immunoglobulin G (IgG,
Figure 2G), immunoglobulin A (IgA, Figure 2H), immunoglobulin M
(IgM, Figure 2I), anti-cyclic citrullinated peptide antibodies (Anti-
CCP, Figure 2]), Anti-nucleosome antibody (Anu A, Figure 2K), anti-
double stranded DNA antibody (Anti-dsDNA, Figure 2L), and glucose
6 phosphate isomerase (G6PI, Figure 2M). Taken together, these
results demonstrate that ITSLP expression is stridently associated
with increasing RA severity and has the potential to be used as a RA
diagnostic factor.

[TSLP expression was tightly associated with
inflammatory cytokines in RA patients

Given that a disrupted balance of pro- and anti-inflammatory
cytokines determines the progression and severity of RA, we
researched the expression of cytokines IL-1f, IL-6, IL-8, and IL-10,
as well as their association with 1TSLP. We found that the pro-
inflammatory cytokines including I1-1, 11-6, and I1-8 mRNA levels in
PBMC:s of patients with RA were significantly higher than those of
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TABLE 1 Demographic and clinical characteristics of subjects.

Characteristics

10.3389/fimmu.2022.1079415

RA patients

Healthy controls

NO. of cases
Female, n (%)

Male, n (%)

68 66
53 (77.94%) 45 (68.18%)

15 (22.06%) 21 (31.82%)

Age, years (range)
Disease duration (years)
ESR (mm/h) (mean + SD)

RF concentration (IU/mL) (mean + SD)

45.94 (22-73) 46.32 (24-70)
85+8.1 -
33.25 + 2741 _

101.61 + 110.99 -

CRP (mg/L) (mean + SD) 537 +4.42 -
IgG (g/L) (mean + SD) 12.16 + 2.77 -
IgA (g/L) (mean + SD) 2.08 + 0.86 -
IgM (g/L) (mean + SD) 1.461 £ 0.72 -
C3 (g/L) (mean + SD) 0.98 +0.17 -
C4 (g/L) (mean + SD) 0.21 + 0.07 -

Anti-CCP (IU/mL) (mean + SD)

271.79 + 150.81 -

Anu A (IU/mL) (mean + SD)
Anti-dsDNA (IU/mL) (mean + SD)
G6PI (mg/mL) (mean + SD)
DAS28 (mean + SD)

Prednisolone responders, n (%)

Prednisolone non-responder, n (%)

8.53 £8.77 -
71.49 + 56.86 -
0.20 £ 0.25 -
4.388 + 1.549 N
38 (55.88%) -

30 (44.12%) -

Except where otherwise indicated, values are expressed as mean + standard deviation. There were no significant differences between patients with RA and healthy controls in terms of age and sex.
ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; CRP, C-reactive protein; IgG, IgA, IgM, immunoglobulin G, immunoglobulin A, immunoglobulin M; C3, complement component 3;
C4, complement component 4; anti-CCP, anti-cyclic citrullinated peptide antibodies; Anu A, Anti-nucleosome antibody; Anti-dsDNA, anti-double stranded DNA antibody; G6PI, glucose 6

phosphate isomerase; DAS28, 28-joint Disease Activity Score.

healthy controls (Figure 3A). By contrast, patients with RA showed
decreased mRNA expression of the anti-inflammatory cytokine IL-10
compared to healthy controls (Figure 3A). Importantly, ITSLP mRNA
levels in patients with RA were positively correlated with IL-13
mRNA levels (r = 0.7487, P < 0.0001), IL-6 mRNA levels (r =
0.6945, P < 0.0001), and IL-8 mRNA levels (r = 0.3453, P =
0.0039), respectively (Figure 3B). In contrast, ITSLP mRNA levels
were negatively correlated with IL-10 mRNA levels in RA patients (r =
-0.6555, P < 0.0001) (Figure 3B). As a result, these results suggest that
ITSLP expression in RA patients is closely related to the pro- and anti-
inflammatory milieu.

[TSLP promotes inflammatory cytokine
expression in RA involving STATS activation

Seeing as ITSLP is the primary isoform that exhibits inflammatory
cytokine features in a variety of diseases, we postulated that it might
possess a pro-inflammatory effect in RA. We cultured PBMCs from
different cohorts in the presence or absence of ITSLP under LPS
treatment to discern the pro- and anti-inflammatory cytokine
expression and revealed that the mRNA expression of cytokines IL-

Frontiers in Immunology

1B, IL-6, IL-8, and IL-10 was upregulated in response to LPS in PBMCs
of RA patients and healthy subjects. Astonishingly, ITSLP alone can
induce proinflammatory cytokines IL-1f (Figure 4A), IL-6 (Figure 4B),
and IL-8 (Figure 4C) mRNA expression in PBMCs from HC or RA
patients, while substantially suppressing the anti-inflammatory
cytokine IL-10 mRNA expression (Figure 4D). Furthermore, ITSLP
also enhanced the LPS-induced proinflammatory cytokines IL-1
(Figure 4A), IL-6 (Figure 4B), and IL-8 (Figure 4C) mRNA
expression, but inhibited IL-10 mRNA expression upon LPS
stimulation (Figure 4D). Blocking ITSLP production with a
neutralizing antibody decreased proinflammatory cytokine mRNA
expression of IL-1B, IL-6, and IL-8 but increased IL-10 mRNA
expression (Figure 4E). As the molecular pathway of ITSLP signaling
involves binding to its receptor complex TSLPR and the IL-7Ra, which
activates the downstream signal transducer and activator of
transcription 5 (STAT5) (14), we thus investigated the STATS5 event
in ITSLP-treated PBMCs of HC and RA patients in the presence or
absence of LPS stimulation. As expected, ITSLP alone can trigger
STATS5 activation and strongly enhance LPS-mediated STAT5
phosphorylation in PBMCs of HC and RA patients (Figures 4F, G).
However, the beneficial role of ITSLP in enhancing LPS-induced RA
inflammatory responses was markedly abolished after STAT5 inhibitor
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0.01, ***P < 0.001, and ****P < 0.0001. ns, no significant.

treatment (Figure 4H). Therefore, these results support a pro-
inflammatory role of ITSLP in the pathogenesis of RA in a STAT5
signaling-dependent way.

Discussion

In this study, we presented in vitro evidence of the potential
associations of TSLP isoforms ITSLP and sTSLP in RA and revealed
the molecular mechanisms underlying which ITSLP contributes to
detrimental effects in RA by promoting inflammatory responses. Both
ITSLP and sTSLP expression are increased in RA, with a distinct
profile in which ITSLP is preferentially expressed in active RA patients
and sTSLP is more likely to be expressed in inactive RA cases and
healthy cohorts. Furthermore, mRNA levels of ITSLP in PBMCs of
RA were determined to be linked to disease activity and RA
inflammation. The enhancement of inflammation events, which is a
pathological hallmark of RA pathogenesis, was amplified by ITSLP in
a STATS5 activation-dependent manner.

Although cumulative evidence has implicated the broad
pathophysiologic profile of TSLP in inflammatory and autoimmune
diseases such as RA (18-21), this is the first study to investigate
whether the existence of two isoforms of TSLP, referred to as ITSLP
and sTSLP, is distinctly expressed in the pathophysiology of RA and
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whether their expression is correlated with disease activity in RA. We
revealed that the ITSLP and sTSLP mRNA levels were substantially
higher in RA patients compared with healthy controls, despite the fact
that 1TSLP is the predominant variant in RA and sTSLP is
preferentially expressed in healthy controls. Moreover, increased
ITSLP expression was correlated with DAS28 and ESR, which are
reliable biochemical indicators of the acute phase reaction in RA, yet
not with other laboratory parameters including RF, CRP, C3, C4, IgG,
IgA, IgM, Anti-CCP, Anu A, Anti-dsDNA, and G6PL. Consistent with
these observations, ITSLP expression on PBMCs was increased in
tandem with the DAS28 increase, whilst sTSLP expression on PBMCs
was increased inversely with the DAS28 increase. Moreover, effective
RA treatment can restrain ITSLP expression in PBMCs from RA
patients, especially active RA patients. Therefore, these findings
demonstrate that ITSLP could be employed as a potential
biomarker to monitor disease activity in RA. Indeed, these findings
are in agreement with previously published research that sTSLP is
constitutively expressed by the tissues of the healthy oral cavity, skin,
and gut and is downregulated with inflammation, whereas ITSLP is
absent in healthy tissues but is upregulated in individuals with atopic
dermatitis, Crohn’s disease, and asthma (20, 23-25, 28). ITSLP
upregulation can be attributed to a variety of environmental factors
and inflammatory conditions, such as viruses, microbes, helminths,
allergen sources, cigarette smoke, chemicals, and inflammatory
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determined using Spearman’s non-parametric test. Each symbol represents an individual RA patient

cytokines (9, 11, 20), and it would be fascinating to further study the  results revealed the proinflammatory cytokines IL-1f3, IL-6, and IL-8
source of ITSLP expression in RA. mRNA levels in PBMCs of RA are highly increased compared with

RA is characterized by synovitis and systemic inflammation in  healthy controls, indicating they are essential for the systemic
which a complex network of multiple cytokines (INF-a, IL-1f3, IL-6,  inflammation in RA. Interestingly, ITSLP expression was associated
IL-8, etc.) is known to be involved in tissue damage (4, 29).  with IL-1B, IL-6, and IL-8 but negatively with IL-10. It has been
Consequently, biologics that target IL-1 or IL-6 or IL-8 for the  widely reported that the elevation of proinflammatory cytokines (IL-
treatment of RA have been extensively studied and have profoundly 1B, IL-6, and IL-8) could promote immune cells to migrate to
changed RA treatment strategy (29-31). In line with the evidence, our ~ inflammation sites and take part in the progression of RA
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[TSLP expression in RA PBMCs correlates with pro- and anti-inflammatory cytokines. (A) RT-qPCR was used to detect the mRNA expression of pro-
inflammatory cytokines IL-1B, IL-6, and IL-8, as well as the anti-inflammatory factor IL-10, in PBMCs from RA patients (n = 68) and HC (n = 66). The data
was depicted as a violin plot. Statistical significance was determined by unpaired two-tailed Student’s t-test. ****P < 0.0001. (B) Correlations between
[TSLP mRNA expression and the cytokines IL-1p, IL-6, IL-8, and IL-10 in PBMCs from RA patients. The correlations were evaluated using Spearman’s

non-parametric test. Each symbol indicates a distinct patient.

inflammation (4, 31), indicating the potentially harmful effects of
ITSLP in aggravating the disease situation of patients with RA. To
verify this hypothesis, we investigated the function of ITSLP in RA
PBMC:s in vitro and found an individual proinflammatory role for
ITSLP and a synergic effect of ITSLP and LPS on promoting the
expression of pro-inflammatory cytokines (IL-1f, IL-6, and IL-8).
However, ITSLP inhibits IL-10 expression, implying that ITSLP fails
on induce anti-inflammatory activity. Several studies have
demonstrated the ability of ITSLP to regulate pro-inflammatory
cytokine production and promote inflammatory disorders,
presumably through STAT5 activation. Here, we confirmed that
ITSLP can induce STATS5 phosphorylation in PBMCs from RA and
enhance LPS-induced STATS5 activation. These findings highlighted
the model that environmental conditions upregulate ITSLP
expression in RA and, subsequently, ITSLP contributes to RA
systemic inflammatory responses via STAT5 phosphorylation.

Over all, we demonstrated two distinct associations with RA for
ITSLP and sTSLP isoforms, ITSLP predominantly expressed in active
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patients with RA and is associated with disease activity as well as
inflammatory cytokines, whereas sTSLP is mainly expressed in inactive
patients with RA and healthy subjects. Moreover, our finding suggests
that 1TSLP is a potent inducer of RA inflammation, which involves
disruption of cytokine balance towards proinflammatory cytokine
responses via a STAT5-dependent signaling pathway. Finally, our
data emphasize that ITSLP could serve as a biomarker for the
diagnosis of RA and it might become a therapeutic intervention
target for RA, but its other roles in the pathogenesis of RA still need
to be clarified.

Materials and methods
Subjects and blood samples

A total of 68 RA patients and 66 healthy individuals were enrolled
at Peking University Shenzhen Hospital. The study was approved by

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1079415
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Li et al.
A
5§ 4
0
3~
8§ 3-
xX O
w o
g,
s 4 27
x¥ 9
<2 1-
z
4
£ 0
LPS
ITsLp - -+ + - -+ 4
Cc
j=
9o
]
P
85
3 O
w %
0 Q
9
©
2 2
e
< ~
z
14
£
LPS
ITSLP
E
f=
o 118 11-6 -8
?
9 E 3 *kkk 0_4 *khkk 6 *kkk 0_015
3 @ .. Jdm
A 0.3 4
Q
2w2 0.010
T3 0.2 2
o 2
¢ 9
<1 0.1 0 0.005
%
£ Il IgG Control B Anti-ITSLP
G p-STATS H
£ c
s H HC * 9
g_ 1.517mm RA o kK §
2 * 3
c *hkk *kkk Ll’j
% 1.0 . Kkkk g)
g *k*k <‘.v-
s o)
5 0.5 3
° s
= 4
K| £
[V
14
FIGURE 4

-

*%

(Versus B-actin)

10.3389/fimmu.2022.1079415

B 1I-6
mm HC
5 0.5 mm RA Jokekk
n Fkkk
$ = 04 e e
&ﬁ il Fedekk
w @ ns
eq 037 g ok
£5 ok
° 2 0.2+
x 9
<?¢
<< 014
(4
£
D 1l-10
mm HC huiad
c _ *
§ 003 mm RA —
3 ek
5 =
O . FKkkk
5§ 002 "
e **
53 ek
g3 0014
<-¢
Z
o
€ 0.00-
LPS - + - + -+ - 4
ITSLP - - + + - -t
F
10
HC RA
LPS - + -+ - + - +
ITSLP - - + + - - + +
p-STATS | "Semmm -~ ewww
B-actin == ——— — —
-1B8 1l-6 11-8 1-10
6 x#%xx 0.4 xxxx 8- xxxx 0.05 ok
5 0.3 6 0.04
4
3 0.2 4 0.03
2 0.1 2 0.02

HN CT B STATS Inhibitor

[TSLP induces pro-inflammatory cytokine expression in PBMCs by triggering STAT5 activation. (A-D) PBMCs from RA patients and healthy controls (HC)
were cultured for 24h with or without LPS (100 ng/mL) or [TSLP (100 ng/mL). Relative mRNA levels of /[-1f3 (A), Il-6 (B), /[-8 (C) and /[-10 (D) were
analyzed by RT-qPCR. (E) PBMCs from RA patients were treated 24h with 0.25 pg/ml anti-TSLP neutralizing antibody or an IgG antibody control, and the
relative mRNA levels of /-1, -6, II-8, and /-10 were analyzed by RT-gPCR. (F) PBMCs from HC and RA were stimulated with 100 ng/mL LPS in the
presence or absence of 100 ng/mL [TSLP for 1h. Western blots to examine the expression level of p-STATS5, normalized to B-actin. Relative p-STAT5
expression was quantified in (G). (H) PBMCs from RA patients were treated with 50 uM STATS5 inhibitor 1h before being stimulated with LPS (100 ng/mL)
and [TSLP (100 ng/mL) for RT-PCR detection of /[-1f, Il-6, l[-8, and I[-10 mRNA expression. P values were measured by unpaired two-tailed Student’s t-
test. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. ns, no significant. Error bar represent standard deviation

the Review Board for Shenzhen University Medical School, and
informed consent was obtained from all subjects. Patients
diagnosed with RA fulfill the 1987 and 2010 criteria of the
American College of Rheumatology (32, 33). DAS28 was used to
assess RA disease activities, with DAS28 > 2.8 indicating acute RA
courses and DAS28 < 2.8 indicating inactive RA courses (34). At the
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time of sample collection, 38 patients were receiving prednisone and
30 were not. Table 1 shows the demographic and clinical information
of RA patients and healthy controls.

Blood samples were obtained from all participants during the
study. PBMCs from whole blood were isolated by using the Human
Lymphocyte Separation Medium (Dakewei, 7111011) after density
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gradient centrifugation, according to the manufacturer’s instructions.
All samples were processed in under 3 hours. PBMCs were cultured
or stored at -80 °C until RNA extraction.

Cell culture condition

PBMCs were grown in RPMI 1640 (Gibco, C11995500BT)
medium supplemented with 10% inactivated fetal bovine serum
(FBS) (Gibco, 10270106) and 1% penicillin/streptomycin (PS)
(Gibco, 15140-122), maintaining at 37 °C with 5% CO,. These cells
were cultured in 12-well plates at a density of 2 x 10° cells/ml.
Following that, these cells were treated under identical conditions:
For RNA extraction and cytokine detection, PBMCs of RA and
healthy controls were stimulated with or without LPS (100 ng/ml)
and co-stimulated with ITSLP (100 ng/ml) for 24h. For protein
extraction and Western blot analysis, PBMCs from HC were
stimulated with 100 ng/mL LPS in the presence or absence of 100
ng/mL ITSLP for 1h.

In vitro neutralization and
blocking experiments

For ITSLP neutralization, PBMCs from RA patients were cultured
with 0.25 pg/ml of anti-human TSLP neutralizing antibody (R&D,
AF1398) or IgG antibody control (R&D, 5-001-A) for 24h, and cells
were collected until RNA extraction. For STAT5 inhibition, PBMCs
from RA patients were treated with or without 50 UM of STAT5
inhibitor (Santa Cruz, sc-355979) for 1h before LPS and ITSLP
stimulation for 24h. Cells were analyzed by RT-qPCR for
cytokine expression.

Quantitative real-time polymerase
chain reaction

The total RNA of PBMCs was extracted using a Trizol reagent
(Takara, 9109) as described previously (35). cDNA synthesis was
reverse transcribed using the Revert Aid First Strand cDNA Synthesis
Kit (Thermo Fisher, K1622). After cDNA obtaining, qPCR analysis
was detected using Tip Green qPCR SuperMix (Transgen, AQ141-01)
on a Real-Time PCR System (Bio-Rad, CFX96). Results were
calculated using the (272Y or log (2°2°Y method relative to the
expression of f-actin. The primer sequences that were used in
subsequent experiments are summarized below. fB-actin forward
(fwd) 5°-TCCTCTCCCAAGTCCACACAGG-3’, B-actin reverse
(rev) 5-GGGCACGAAGGCTCATCATTC-3’; ITSLP fwd 5’-
CACCGTCTCTTGTAGCAATCG-3’, ITSLP rev 5-TAGCCTGGGC
ACCAGATAGC-3’; sTSLP fwd 5-CGTAAACTTTGCCGCCTA
TGA-3’, sTSLP rev 5-TTCTTCATTGCCTGAGTAGCATTTAT-3’;
II-1B fwd 5-CCACAGACCTTCCAGGAGAAT-3’, II-1B rev 5-GTG
CACATAAGCCTCGTTATCC-3’; II-6 fwd 5-AACCTGAACCTT
CCAAAGATGG-3’, II-6 rev 5-TCTGGCTTGTTCCTCACTACT-3%
II-8 fwd 5-GAGAGTGATTGAGAGTGGACCAC-3’, II-8 rev 5’-CAC
AACCCTCTGCACCCAGTTT-3’; II-10 fwd 5-TCTCCGA

Frontiers in Immunology

10.3389/fimmu.2022.1079415

GATGCCTTCAGCAGA-3’, 1I-10 rev 5-TCAGACAAGGCTT
GGCA ACCCA-3.

Western blotting

PBMCs were washed with PBS, and lysed with RIPA buffer
(Solarbio, R0010), and quantified using a BCA assay kit (Beyotime,
P0012) according to the manufacturer’s instructions. The samples
were then boiled 5 minutes at 95 °C in a 5 x protein loading buffer
(Meilunbio, MA0003-D). An equivalent quantity of protein samples
was loaded onto a 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis gel (Beyotime, PO012AC) and subsequently
transferred to a polyvinylidene fluoride (PVDF) membrane (Merck
Millipore, IPVH15150) using WB transfer buffer (Solarbio, D1060).
After blocking non-specific binding with 5% skimmed milk
(BioFroxx, 1172GR500), rabbit anti-STAT5 (phospho Y694)
monoclonal antibody (Abcam, ab32364) and mouse B-actin
primary antibody (Abcam, ab8226) were incubated overnight at 4°
C. After washing with Tris-buffered solution (Solarbio, T1080) for
three times, the blots were incubated with species-specific secondary
antibodies (Abcam, ab6721/ab6728) for two hours at room
temperature. After five additional washes with Tris-buffered
solution containing 0.01% Tween 20, the protein bands were
visualized using an ECL reagent kit (Solarbio, PE0010) based on the
manufacturer’s instructions (Carestream, USA). Images were
captured with a Chemiluminescence Imaging System (CLINX,
ChemiScope 6100 Touch, China).

Statistical analysis

All data were analyzed by GraphPad Prism V.8.0.2 software
(GraphPad Software, San Diego CA, USA). Statistical significance
was evaluated using unpaired two-tailed Student’s t-test or two-way
ANOVA. Correlation analysis was measured by Spearman’s non-
parametric test. The results are presented as means + SD. Asterisks
denote a significant difference: *P < 0.05; **P < 0.01; ***P < 0.001;
P < 0.0001; ns, no significant.
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