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Abstract

Background Primary immune thrombocytopenia (ITP) is characterized for the skewed Th differentiation towards
Th1 and Th17 cells as well as the impaired number and function of requlatory T cells (Tregs). Tregs are capable of
co-expressing effector Th markers in different inflammatory milieu, which probably indicates Treg dysfunction and
incompetence to counter over-activated immune responses.

Methods Ninety-two primary TP patients from March 2013 to December 2018 were included, and proinflammatory
plasticity in different Treg compartments, age groups, and TGFBR2 variant carrier status were investigated.

Results Patients were categorized into elderly (n =44) and younger (n =48) groups according to an age of 50 years
at disease onset. The overall remission rate was 82.6% after first-line regimens, including 47.8% complete remission.
TGFBR?2 variants were found in 7 (7.6%) patients with three V2161 and four T340M heterozygote carriers. TP patients
demonstrated elevated co-expression of IL.-17 and decreased co-expression of both IFN-y and IL-13 than health con-
trol (all p<0.01). The elderly group demonstrated elevated prevalence of TGFBR2 variants (p=0.037) and elevated co-
expression of IL-17 (p=0.017) in Tregs, while female predominance was found in the younger group (p =0.037). In the
elderly group, TGFBR?2 variant carriers demonstrated further elevated co-expression of IL-17 (p=0.023) and decreased
co-expression of both IFN-y (p=0.039) and IL-13 (p=0.046) in the aTreg compartment.

Conclusions Our findings revealed additional aberrations of Treg proinflammatory plasticity in elderly primary ITP
patients, and highlighted the potential role of Treg dysfunction and senescence in the pathogenesis and manage-
ment among these patients.
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Background

As the most prevalent acquired bleeding disorder in
adults, primary immune thrombocytopenia (ITP) dis-
plays two peaks of incidence, one between 20 and
30 years of age with a slight female predominance, the
other after 60 with equal sex distribution [1, 2]. Due to
elevated bleeding risk and limited treatment options, pri-
mary ITP in the elderly is often considered to be a clini-
cal challenge [3, 4]. Recently, immune senescence and its
biological impact upon diseases have been caught into
academic limelight [5]. However, the aberration in T cell
biology among elderly primary ITP patients is yet to be
elaborated.

In addition to direct platelet injuries inflicted by anti-
platelet antibodies and cytotoxic T cells, the abnor-
malities in T helper (Th) cells, including the skewed
Th differentiation towards Thl and Th1l7 cells as well
as the impaired number and function of regulatory T
cells (Tregs), are the keystones in the pathogenesis of
primary ITP [6-9]. Tregs play vital roles in the mainte-
nance of immune homeostasis, the inhibition of immune
responses, and the establishment of self-tolerance [10—
13]. In different inflammatory milieu, Tregs are capable of
co-expressing effector Th markers including interferon-y
(IFN-y), interleukin-13 (IL-13), and interleukin-17 (IL-
17) [12, 14, 15]. This proinflammatory plasticity of Tregs
is not only determined by specific inflammatory micro-
environment of diseases [16], but also associated with
genetic predisposition in essential signaling pathway
molecules such as TGE-f receptors [17].

The present study investigated the proinflammatory
plasticity in different Treg compartments among elderly
primary ITP patients, and further evaluated the impact
of TGFBR?2 variants on Treg differentiation and plastic-
ity, thus intending to provide novel perspectives in the
pathogenesis and management of primary I'TP.

Methods

Study population

Primary ITP patients diagnosed in our institution from
March 2013 to December 2018 were included in the
present study. Primary ITP was defined as blood plate-
let count lower than 100 x 10°/L in the absence of other
causes or disorders that may be associated with thrombo-
cytopenia according to the International Working Group
[18]. The exclusion criteria, in specific, were systemic

Table 1 Primers for genotyping of TGFBR2 variants
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connective tissue diseases, active infection, malignancies,
and pregnancy. Clinical data were extracted from medi-
cal records. Primary ITP patients were categorized into
younger (18-49 years) and elderly (50 years and over)
groups according to their age at disease onset [19]. The
treatment response to first-line regimens was categorized
into complete remission (CR), partial remission (PR),
and no remission (NR) based on the criteria of complete
response, response, and no response by an International
Working Group [18].

The present study was approved by the institutional
Ethics Committee. Written informed consent was
obtained from all participants conforming to the Decla-
ration of Helsinki. Age- and sex-matched healthy volun-
teers were included as control group.

Genotyping

Genomic DNA extracted from peripheral whole blood
samples was amplified by routine polymerase chain reac-
tion (PCR) procedure, and the PCR product was purified
and sequenced by ABI 3730XL DNA Analyzer (Applied
Biosystems, Waltham MA, USA) to determine the car-
rier status of 2 TGFBR2 variants, p.Val216lle/c.646G>A
(rs56105708) and p.Thr340Met/c.1019C>T (rs34833812).
Primer sequences for PCR are listed in Table 1.

Flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from EDTA-anticoagulated whole blood samples
by density-gradient centrifugation over Ficoll Hypaque
gradients. Fixable Viability Stain 780 (BD Biosciences,
Cat #565388) was used for the exclusion of dead cells.
For the identification of Treg and Treg compartments,
1 x 10° PBMCs were stained with surface CD4 FITC (BD
Biosciences, Cat #555346), CD25 PE (BD Biosciences,
Cat #560989), CD45RA BV480 (BD Biosciences, Cat
#566155), and intracellular Foxp3 AF647 (BD Biosciences,
Cat #560045). Tregs were defined as CD4"CD25"Foxp3™
cells. Treg compartments, namely aTreg, rTreg, and
nsTreg, were further defined as Foxp3MCD45RA™,
Foxp3™CD45RA™, and Foxp3™CD45RA ™ cells, respec-
tively among Tregs [20].

For the assessment of proinflammatory plasticity of
Tregs, PBMCs were cultured in RPMI1640 medium sup-
plemented with 10% heat-inactivated fetal bovine serum,
200U/ml penicillin, and 100 pg/ml streptomycin. After

Genetic variant Location SNP Forward primer Reverse primer PCR product
TGFBR2 p.Val216lle/c.646G>A 3p24.1 rs56105708 CATGAACCCACTTCCTGACA CAGCAGCTCTGTGTTGTGGT 345 bp
TGFBR2 p.Thr340Met/c.1019C>T 3p24.1 rs34833812 GCCAACAACATCAACC CGTTCTTCACGAGGATA 475 bp
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5-h stimulation with Cell Stimulation Cocktail (eBiosci-
ence, Cat #00-4975-93), PBMCs were stained intracel-
lularly with either IFEN-y PE/Dazzle 594 (BioLegend,
Cat #502546), IL-13 PE-CY7 (BioLegend, Cat #501914),
or IL-17 BV421 (BioLegend, Cat #512322) in addition
to the staining protocol previously described for Treg
compartments.

Flow cytometry analyses were performed on FACSAria
III platform (BD Biosciences, Franklin Lakes NJ, USA).
All data analyses were performed with FlowJo sofeware
version 10.4 (FlowJo LLC, Ashland OR, USA).

Statistical analysis

Continuous variables were evaluated for normal distribu-
tion using Shapiro—Wilk test and reported as mean £ SD
or medians (interquartile ranges), as appropriate. Cat-
egorical variables were presented as frequencies (per-
centages). Differences between 2 groups were assessed by
Student’s t test for normally distributed continuous data,
Mann-Whitney U-test for non-normally distributed
continuous data, and chi-square test or Fisher’s exact test
for categorical data. Statistical significance was defined as
2-sided p<0.05. Analysis was performed with SPSS Sta-
tistics 23 (IBM, NY, USA).
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Results

Patient characteristics

From March 2013 to December 2018, 92 primary ITP
patients with an onset age of 48 =19 years and platelet
count of (144 7) x 10°/L were included in the present
study. The overall remission rate was 82.6% after first-
line regimens, including 47.8% CR and 34.8% PR. Anti-
nuclear antibody was detected in 25 (27.2%) patients,
including 19 with a 1:100 titer and 6 with a 1:320 titer.
Common TGFBR2 variants were found in 7 (7.6%)
patients, including three V216I and four T340M het-
erozygote carriers.

Lymphocyte subgroups, including CD19t,
CD3*CD4", CD3"CD8*, CD16"CD56" compart-
ment, were comparable between primary ITP patients
and health control. Although total Tregs [(1.24+0.9)%
vs. (1.1£0.3)%, p=0.697] were comparable between
primary ITP patients and health control, primary ITP
patients demonstrated markedly elevated co-expression
of IL-17 [(12.94+9.4)% vs. (3.5+1.4)%, p=0.005] and
decreased co-expression of both IFN-y [(8.2+5.0)%
vs. (23.2+5.5)%, p<0.001] and IL-13 [(7.4+4.6)% vs.
(11.8+4.7)%, p =0.007] (Table 2).

Table 2 Demographic characteristics and Treg plasticity of primary ITP patients

AllITP Health control p value Onset 18-49 years Onset over 50 years p value
(n=92) (n=12) (n=48) (n=44)

Female sex, n (%) 64 (69.6) 8 (66.7) 0.838 38(79.2) 26 (59.1) 0.037
Age, years 48+19 42+14 0272 33+8 65410 <0.001
Platelet count, x 10%/L 14+7 205+42 <0.001 12+£8 16£8 0.359
Response, n (%)

CR 44 (47.8) NA NA 26 (54.2) 18 (40.9) 0.206

PR 32(34.8) NA NA 15(31.3) 17 (38.6) 0457

NR 16 (17.4) NA NA 7(14.6) 9(20.5) 0458
TGFBR2 variants, n (%) 7(7.6) NA NA 1(2.1) 6(13.6) 0.037
Positive ANA, n (%) 25(27.2) NA NA 13(27.1) 12(27.3) 0.984
Lymphocyte subgroups, %

co1ot 19438 1945 0.962 21+6 16+10 0.053

CD3*tCD4t 36+9 3916 0418 35+8 37£11 0.389

CD3*tCpst 27410 2345 0.175 26t4 27+14 0.672

CD16%CD56" 13+7 1M+3 0.143 1247 1447 0.591
Tregs, %

CD4*CD25MFoxp3* 1.2+£09 1.1+£03 0.697 1.14+09 1.24+09 0.792

CD4+CD25h‘>|:o><p3+\FN*\/+ 8250 23255 <0.001 73%£54 83+48 0.605

CD4+CD25h‘Fo><;:>3’>+\L—13+ 74+46 11.8+£47 0.007 73+£5.1 74+£45 0.966

CD4J“CD25h"FO><p3+\L—174r 129+£94 35+14 0.005 52£30 169+£138 0.017

CR: complete remission; PR: partial remission; NR: no remission; ANA: anti-nuclear antibody; Treg: regulatory T cell
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Comparison between elderly and younger primary ITP
patients

Female predominance was found in younger primary
ITP patients with an onset age of 18—49 years (79.2% vs.
59.1%, p=0.037). Comparing to younger patients, elderly
primary ITP patients demonstrated elevated prevalence
of TGFBR2 variants (13.6% vs. 2.1%, p=0.037), slightly
decreased CD19" B cell population [(16210)% vs.
(21+6)%, p=0.053], and further elevated co-expression
of IL-17 [(16.9£13.8)% vs. (5.243.0)%, p=0.017] in
Tregs (Table 2).

Increased frequency of immunosuppressive cells in ITP
patients with mutation

Based on the expression of CD45RA and Foxp3, human
Tregs can be categorized into 3 phenotypically and func-
tionally distinct subsets: alregs, rTregs and n-s Tregs.
Representative flow plots of CD4TCD25" T cells and
Tregs subsets of ITP patients with V2161 mutation,
T340M mutation and WT were shown in Fig. 1A. The
frequency of total CD4TCD25" T cells and rTregs in the
CD4" T cells was significantly elevated in ITP-V2161/
T340M group (p=0.012 and p<0.001, respectively,
Fig. 1B). The ITP-V216I/T340M group possessed sig-
nificant higher rTregs and decreased n-s Tregs percent-
age than the ITP-WT group did (»<0.001 and p=0.001,
Fig. 1C). The percentage of CD4TCD25" T cells in CD4*
T cells was elevated in the V2161 group (p=0.002,
Fig. 1D). Both the ITP-V216I group and ITP-T340M
group all possessed a higher level of rTregs compared
with ITP-WT group (p=0.005, p=0.008, respectively,
Fig. 1D). ITP-V216I group and ITP-T340M group had
higher rTregs percentage and decreased n-s Tregs per-
centage (Fig. 1E).

The impact of TGFBR2 variants in elderly primary ITP
patients

Among 44 elderly primary ITP patients, TGFBR2 vari-
ants were found in 6 patients, including two V216I and
four T340M heterozygote carriers. Clinical character-
istics were comparable between elderly primary ITP
patients with and without TGFBR2 variants, although
heterozygote carriers demonstrated an elevated rate to
achieve PR (83.3% vs. 31.6%, p=0.016) after first-line
regimens (Table 3).

(See figure on next page.)
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Lymphocyte subgroups, total Tregs, Treg compart-
ments, and Treg plasticity in total Tregs were all com-
parable between elderly primary ITP patients with and
without TGFBR2 variants. However, TGFBR2 variant
carriers demonstrated markedly elevated co-expression
of IL-17 [(25.1£13.1)% vs. (11.1£6.7)%, p=0.023] and
decreased co-expression of both IFN-y [(4.6+3.9)%
vs. (25.8£17.8)%, p=0.039] and IL-13 [(2.6+2.2)% vs.
(16.2+11.9)%, p=0.046] in the aTreg compartment,
as well as decrease co-expression of IL-17 [(3.3£0.3)%
vs. (4.8+1.5)%, p=0.045] in the rTreg and IL-13
[(3.0£0.5)% vs. (7.9+4.6)%, p=0.020] in the nsTreg
compartment (Fig. 2).

Discussion

The present study was among the first to demonstrate
additional aberrations in proinflammatory plasticity of
Tregs and alregs among elderly primary ITP patients.
The principal findings from our study were three-fold.
First, primary ITP patients in general displayed pro-
inflammatory plasticity of Tregs towards Thl7 para-
digm. Second, elderly primary ITP patients displayed
further skewed Treg plasticity towards Thl7 para-
digm and elevated incidence of TGFBR2 variants than
younger patients. Third, elderly primary ITP patients
with TGFBR2 variants displayed skewed Treg plastic-
ity towards Th17 paradigm in aTreg instead of rTreg or
nsTreg compartments than those without TGFBR2 vari-
ants. Our findings highlighted the unique immune sta-
tus of elderly primary ITP patients, and advocated the
establishment of pertinent treatment strategies for these
patients.

The proinflammatory plasticity of Tregs has been
described in various autoimmune disorders. It has been
established that these biphenotypic or exFoxp3 Tregs
could adopt effector Th phenotype in a reversible way
[21, 22]. The exact biological function of biphenotypic
Tregs is yet to be concluded. Based on the observations
that biphenotypic Tregs always adopt the same type of
effector Th markers as the predominant Th functional
group in autoimmune diseases, it is highly probable
that the skewed proinflammatory plasticity indicates
Treg dysfunction and incompetence to counter over-
activated immune responses [23, 24]. The imbal-
ance of Th17/Treg ratio in primary ITP patients has
been well-addressed as the signature for its immune

Fig. 1 Percentage of Tregs subtypes with or without TGFBR2 mutations. Tregs were defined as CD4TCD25MFoxp3+ cells. Treg compartments,
namely aTreg, rTreg, and nsTreg, were further defined as Foxp3MCD45RA™, Foxp3™CD45RAY, and Foxp3™CD45RA™ cells, respectively among

Tregs. A Representative flow plot of CD41CD25% T cells and Tregs subsets. B Percentage of CD4TCD25% T cells and Tregs subsets in CD4™ T cells

in ITP patients with and without TGFBR2 mutations. C Percentage of Tregs subsets in CD4TCD25" T cells in ITP patients with and without TGFBR2
mutations. D Percentage of CD4TCD25™ T cells and Tregs subsets in CD4 ' T cells among the ITP patients with V216 mutation, with T340M mutation
and wild type. E Percentage of Tregs subsets in CD4TCD25" T cells among TP patients with V216l mutation, with T340M mutation and wild type
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Table 3 Comparison between elderly primary ITP patients with and without TGFBR2 variants
Elderly ITP Elderly ITP with Elderly ITP without p value
(n=44) TGFBR2 variants (n=6) TGFBR2 variants (n=38)
Female sex, n (%) 26 (59.1) 5(83.3) 21 (55.3) 0.194
Age, years 65+10 6113 66£9 0.233
Platelet count, x 10%/L 16+8 13+10 17+£16 0.615
Response, n (%)
CR 18 (40.9) 1(16.7) 17 (44.7) 0.194
PR 17 (38.6) 5(83.3) 12 (31.6) 0.016
NR 9(20.5) 9(23.7) 0.181
Positive ANA, n (%) 12(273) 1(16.7) 11(28.9) 0.530
Lymphocyte subgroups, %
co1ot 1610 14413 17£10 0.659
CD3*tCh4at 37+£M 39412 371 0.765
CD3*Chst 27414 21+9 29414 0.366
CD16%CD56" 14+£7 23413 12+6 0.294
Tregs, %
CD4+CD25mFoxpEBJr 12£09 14£08 1.1+09 0.594
CD4+CD25h‘Fo><p3+\FN—y+ 83+48 6.1+42 9.0+49 0.261
CDélJrCD25h"FO><;33Jr\H34r 74+45 57+41 79146 0.349
CD4'*'CD25h"Fo><p3+\H7+ 169+£138 16.8+£88 170147 0.985
CD4*CD25"Foxp3"CD45RA™ 21.8+16.3 262+32 205+185 0466
CD4+CD25h"Fo><p3‘mCD45RAJr 2144123 23.1+10.2 209131 0.702
CD4+CD25"Foxp3™CD45RA™ 513+150 46.5+7.1 529+166 0371

CR: complete remission; PR: partial remission; NR: no remission; ANA: anti-nuclear antibody; Treg: regulatory T cell

microenvironment [7, 9, 25, 26]. The present study con-
firmed the over-expression of IL-17 instead of IFN-y
or IL-13 in Tregs among primary ITP patients, which
advocated the hypothesis that Th17 participated in the
pathogenesis of primary ITP as the predominant Th
functional group.

The most intriguing finding from the present study
was that elderly primary ITP patients seemed to display
aggravated Treg dysfunction in the form of elevated co-
expression of IL-17. It should be noted that an onset age
of 50 years was applied as a dichotomous approach to
categorize our cohort of adult primary ITP patients. Pri-
mary ITP in this elderly population demonstrated a rela-
tively equal sex distribution as previously reported, along
with skewed Treg plasticity implying aberrant immune
modulation. Senescent Tregs, either from elderly indi-
viduals or after repeatedly inflammatory stimulation,
have been shown to frequently lose Foxp3 expression
and to reprogram their activity towards effector Th par-
adigm [27, 28]. Our observation might be among the
early evidences indicating the role of Treg senescence
in the pathogenesis of primary ITP, although further
investigations are required to illustrate the association
between T cell senescence markers and the extent of Treg
dysfunction.

TGF-B signaling is crucial in the development and
differentiation of Tregs [29]. Canonical TGF-p signal-
ing pathway comprises of TGF-f I/II receptors and
Smad proteins to be phosphylated and translocated into
nucleus to regulate the transcription of target genes [30].
Rare germline TGFBR1/2 mutations lead to Loeys-Dietz
syndrome (LDS) which is a sinister genetic connective
tissue disorder characterized by early-onset aortic aneu-
rysm, craniofacial features, and allergic diseases [31].
Frischmeyer-Guerrerio et al. [17] described elevated
co-expression of IL-13 in Tregs from a cohort of LDS
patients with eosinophilic gastrointestinal disease. On
the other hand, common TGFBR2 variants, especially
V216l and T340M in the East Asian population, have
been reported to be potential biomarkers in aortic aneu-
rysmal diseases [32] and pancreatic neoplasms [33]. It
should be noted that the incidence of TGFBR2 variants
was not elevated in primary ITP patients compared to
that of the general East Asian population. Therefore, it
is unlikely that common TGFBR2 variants lead to the
pathogenesis of primary ITP. However, the present study
revealed an elevated incidence of 13.6% of two common
TGFBR2 variants in elderly primary ITP patients who
displayed senescence related Treg dysfunction, indicating
potential genetic susceptibility to develop autoimmune
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diseases in their middle to late adulthood instead of ear-
lier ages, as well as impaired immune tolerance to benefit
from corticosteroids.

Further analysis revealed that the carrier status of
TGFBR?2 variants predominantly affected the proinflam-
matory plasticity of alreg compartment instead of Treg
as a whole. Based on the expression of surface CD45RA
and intracellular Foxp3, Tregs are categorized into aTreg,
rTreg, and nsTreg compartments. As terminally differ-
entiated cells, aTregs suppress effector Th function and
immune responses, while rTregs are capable of prolif-
eration and conversion to alregs upon stimulation and
nsTregs production of proinflammatory cytokines [20,
34, 35]. We have found in previous investigations [36]
that higher turnover rate from rTregs to alregs could be
associated with superior response to first-line corticos-
teroids among newly diagnosed primary ITP patients.
Therefore, it was plausible that the impaired aTreg func-
tion might be one of the underlying causes for elevated
rate to achieve PR among elderly primary ITP patients
with TGFBR2 V2161 and T340M variants.

With the progress of treatment options for primary
ITP, the first-line regimens for elderly primary ITP
patients might require further evaluation. Considering
the potential adverse reactions associated with gluco-
corticoids, early application of thrombopoietin receptor
agonists is appealing [37, 38]. In additional to the existing
factors that affect glucocorticoid response, the specific-
ity of platelet autoantibodies in particular [39, 40], Treg
senescence could be a promising perspective to provide
novel evidence for treatment options. Since the incidence
of primary ITP increases with aging, more attention
should be paid to the elderly patient population among
whom practical parameters for the evaluation of Treg
dysfunction might be of great clinical value.

The present study should be viewed in the light of its
limitations. The retrospective nature and small cohort
size limited the interpretation power of its findings.
The molecule mechanism of how Treg differentiation
and senescence are affected by TGFBR2 variants is still
unclear. Further investigations are warranted to establish
the rationale between Treg senescence and Treg plas-
ticity in larger cohorts of elderly primary ITP patients.
Comprehensive illustration of immune aberrations in
elderly primary ITP patients could be of great impor-
tance to update clinical recommendations for early appli-
cation of thrombopoietin receptor agonists and tapering
of corticosteroids.
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Conclusions

Primary ITP demonstrated skewed Treg plasticity
towards Th17 paradigm, which was further aggravated
in elderly patients presenting ITP since their 6th decade
of age. Heterozygous carriers of TGFBR2 variants were
more prevalent in elderly patients, and affected the pro-
inflammatory plasticity of alreg compartment. Evalua-
tion of Treg dysfunction and senescence could benefit
the optimization of management for elderly primary ITP
patients.
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