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ABSTRACT

Henoch-Schonlein purpura (HSP) is an inflammatory condition affecting the small blood vessels, leading to organ damage and

symptoms across various body systems, including skin, joints, and kidneys. The disease’s pathogenesis involves the deposition of

immunoglobulin (Ig) A immune complexes in vessels, triggering inflammation and damage. Recent research highlights the role of
T follicular helper cells (Tth cells) in HSP. The review delves into Tth cells’ biological functions, emphasizing their involvement in
the HSP’s development by activating autoreactive B cells and inducing the production of autoantibodies through the secretion of
interleukin (IL)-21, IL-4, and IL-6. Additionally, the roles of different Tfh cell subsets in the pathogenesis of HSP are also
characterized by their unique features. We also highlight the relationship between Tth cells and galactose-deficient IgA1 (Gd-
IgA1) production, compare Tth-mediated immune responses in HSP with those in IgA nephropathy (IgAN) and systemic lupus

erythematosus (SLE), and discuss emerging therapeutic strategies targeting the Tfh—B-cell axis. It concludes by suggesting the
need for further research on Tfh cells to understand HSP pathogenesis better and develop effective treatments.

1 | Introduction

Henoch-Schonlein purpura (HSP), also known as immunoglobulin
(Ig) A vasculitis, is an inflammatory illness that causes inflamma-
tion, tissue damage, and organ involvement in the body’s tiny blood
vessels. It is most common in children and young adults [1, 2]. The
major pathogenic feature of HSP is the deposition of immunological
complexes comprising IgA in tiny blood vessels, which causes a
range of symptoms that might affect the skin, joints, gastrointestinal
system, kidneys, lungs, brain, and other organs [3]. Although HSP
can be self-limiting to some extent, some patients may have recur-
rent episodes, especially those with HSP nephritis (HSPN) [4]. In
severe cases, the disease can progress to chronic renal failure,
severely affecting the patient’s standard of life [5]. Although the
specific origin of HSP is unknown, it is thought to be a

multifactorial illness resulting from a complex combination of envi-
ronmental, gene-related, immunological, and lifestyle variables [6].
These intricate interactions possess the capacity to incite immune
system activation, culminating in the genesis of IgA immune com-
plexes. These complexes can then deposit in the small blood vessels,
triggering an inflammatory response and leading to tissue damage
[7]. In recent years, an increasing amount of data suggests that
immunological factors, particularly T follicular helper cells (Tth
cells), perform an essential part in the pathogenesis of HSP.

Tfh cells, as an assortment of CD4™ T lymphocytes, play an impor-
tant role in B-cell activation. Through interactions with B cells, Tth
cells can support the formation of long-lasting plasma cells and
memory B cells, leading to long-term protection against infections
[8]. In this review, we will concentrate on the involvement of Tfh
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cells in HSP pathogenesis to gain an understanding of the processes
of HSP formation and progression.

2 | Primary Anatomical Sites and Molecular
Mechanisms of Tfh Cell Differentiation

The differentiation of Tth cells is regulated by a complex transcrip-
tional program. B-cell lymphoma 6 (Bcl-6) is considered the master
transcription factor controlling Tfh cell differentiation and germi-
nal center (GC) formation. CD4* T cells lacking Bcl-6 fail to differ-
entiate into Tfh cells. By interacting with transcription factors such
as retinoid-related orphan receptor-yt (RORyt) and T-bet, Bcl-6
promotes the expression of C-X-C chemokine receptor type 5
(CXCR5), programmed cell death protein-1 (PD-1), and other
Tth-associated molecules while suppressing differentiation toward
other CD4* T-cell lineages, including T helper 1 (Th1) cells, T
helper 2 (Th2) cells, and regulatory T cells [9]. In addition, costi-
mulatory signals such as inducible costimulator (ICOS)-ICOS
ligand (ICOSL) interactions and cytokine signaling pathways
including interleukin (IL)-6, IL-21, and signal transducer and acti-
vator of transcription 3 (STAT3) further promote the differentiation
and maintenance of the Tth lineage [10].

Tth cells primarily differentiate within secondary lymphoid organs,
including lymph nodes, the spleen, and mucosa-associated
lymphoid tissues (MALTs), where GC reactions occur [8]. In IgA-
mediated diseases such as HSP, mucosal immune tissues—
including the tonsils and gut-associated lymphoid tissue (GALT)
—are considered particularly important sites for IgA immune
responses. These tissues provide specialized microenvironments
that facilitate interactions between antigen-presenting cells, T cells,
and B cells, thereby supporting GC formation and promoting Tth
cell differentiation and B-cell maturation [11].

Importantly, a proportion of Tth cells generated within GCs can exit
lymphoid tissues and enter the peripheral circulation as circulating
Tth (cTfh) cells, which retain the ability to provide help to B cells
and are considered surrogate markers of ongoing GC activity
[8, 10]. Increased frequencies of cTth cells have been reported in
patients with HSP and may reflect enhanced Tfh differentiation
within secondary lymphoid organs during disease develop-
ment [12].

Unlike other subsets of CD4" T lymphocytes, Tfh cells preferen-
tially migrate to lymphoid follicles and exhibit a unique ability to
express multiple activating or costimulatory molecules simulta-
neously. These molecules include ICOS, CXCRS5, PD-1, IL-21 recep-
tor (IL-21R), IL-6 receptor (IL-6R), and CD40 ligand (CD40L), all of
which play important roles in antibody production by B cells [8].
Among these molecules, ICOS, CXCR5, PD-1, and CD40L are
regarded as characteristic surface markers of Tth cells and are com-
monly used to identify this subset [13]. The expression of CXCR5
allows Tth cells to migrate toward B-cell follicles along the chemo-
kine gradient of C-X-C motif ligand 13 (CXCL13), facilitating their
interaction with B cells within GCs [14].

3 | Biological Functions of Tfh in Autoimmunity

Tth cells were shown to play a crucial part in triggering the pro-
duction of autoreactive B lymphocytes in autoimmune reactions.

Tfh overexpression promotes the activation, differentiation, and
proliferation of autoreactive B lymphocytes via the release of fac-
tors like IL-21 and IL-4, along with IL-6, resulting in the produc-
tion of autoantibodies. These autoantibodies can form immune
complexes with self-antigens, which deposit in tissues, subse-
quently leading to chronic inflammation and tissue damage.
This process is considered a key factor in the progression of
numerous autoimmune illnesses, like HSP, lupus, rheumatoid
arthritis (RA), etc. [10, 15-17].

IL-21 represents the primary effector cytokine secreted by Tth cells.
It has been proven that it plays critical roles in GC development,
B-cell proliferation and differentiation, as well as Ig class switching
[18, 19]. It also plays an essential part during the initial immune
response of B lymphocytes to T lymphocyte-dependent antigens
and secondary immune responses, as well as the continual upkeep
of humoral immune responses [20]. IL-21 not only induces differ-
entiation of all B cell groups, involving naive B lymphocytes, tran-
sitional B lymphocytes, GC B lymphocytes, and memory B
lymphocytes, into Ig-secreting cells that secrete large amounts of
IgM, IgG, and IgA but also has regulatory effects on Tth cells via
autocrine signaling, further promoting GC formation [21, 22]. Addi-
tionally, IL-21 can activate STAT3, causing naive T cells to differen-
tiate into Tfh cells [23].

Another effector cytokine secreted by Tth cells, IL-4, is a pivotal
molecule in immune regulation, exerting regulatory roles in
various immune cells and responses [24]. IL-4 can boost B-cell
activation and proliferation; induce IgG1, IgE, and sIgM produc-
tion; influence the amount of IgE Fc receptors on B lymphocytes
along with monocytes; and play a role within the development
of numerous allergic illnesses, including eczema and asthma
[24, 25]. IL-4 has also been demonstrated to stimulate the devel-
opment of naive CD4" T lymphocytes into Th2 cells, which aid
in the proliferation, differentiation, and antibody generation by
B cells [26].

Tth cells also play a role in triggering B cells and Ig class switch-
ing via IL-6 secretion [14]. IL-6 is an immunoregulatory protein
regarded as a multifunctional cytokine, influencing immune
cell expansion, differentiation, and revitalization [27]. When
the body’s inflammatory mechanisms are activated, IL-6 can
induce the production of acute-phase proteins, leading to leu-
kocytosis, fever, and vascular generation, thereby amplifying
acute inflammatory responses and promoting autoimmunity
[28]. The function of IL-6 in the immune response as well as
other physiological processes is complex and diverse, and its
abnormal expression or overactivation is associated with various
diseases, for instance, RA, systemic sclerosis, and experimental
autoimmune uveoretinitis [29].

CXCR3 and C-C chemokine receptor 6 (CCR6) were used to phe-
notype four subpopulations of CD4* CXCR5" Tfh cells. These sub-
populations include CXCR3" CCR6™ Tfhl cells, CXCR3™ CCR6~
Tth2 cells, CXCR3™ CCR6" Tfh17 cells, and CXCR3* CCR6™"
Tfth1/17 cells [30, 31]. In humans, IL-12 facilitates the proliferation
of Tfh1 cells by activating STAT1 and STAT4 signals [32]. On the
other hand, the IL-4-STAT6 signal drives Tth2 cell differentiation,
while the TGF-B-STAT3/STAT4 signal prompts Tfh17 cell differen-
tiation [33]. Although the function of Tfh1 cells in autoimmunity is
unknown, Tfh2 and Tfh17 cells were identified as having patho-
genic functions in many autoimmune illnesses, such as RA,
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systemic lupus erythematosus (SLE), and idiopathic inflammatory
myopathies [34].

Studies indicate that Tfhl cells are induced during immune
responses to a variety of infections, involving HIV, influenza, and
malaria [35]. Tth1 cells can express Thl-related factors CXCR3 and
T-bet. Furthermore, under the presence of IL-2, IL-4, and IL-12,
Tthl cells can generate IL-21 and interferon-y (IFN-y) [36, 37].
Notably, Tfhl cells play a crucial part in the development of
T-bet—expressing B lymphocytes by secreting IFN-y and IL-21
[35]. T-bet" memory B cells are now recognized as a separate group
of effector/memory B lymphocytes that arise from infections, age,
and autoimmune and play an important role in humoral immunity
[35]. Additionally, IL-21 and IFN-y have the ability of eliciting class-
switching of GC B cells, thereby promoting the production of IgG1
[38]. Tth2 cells can express the Th2-associated factor GATA3 and
increase the generation of IgG4 and IgE antibodies via IL-4 and IL-
21 production [34]. This mechanism assumes a critical role of Tfh2
cells in IgE-mediated allergic diseases [38—40]. Tfh17 cells, on the
other hand, express the Thl7-related factor RORt as well as
generate IL-17 and IL-22, primarily inducing the production of
IgA [12]. These Tfh17 cells exhibit a long-lived memory cell
phenotype and are recognized as one of the long-lived anti-
gen-specific memory Tth cell subsets [41]. Importantly, Tfh17
cells stand out as highly effective inducers of antibody responses,
conferring advantages in immune memory maintenance, persis-
tence, and support for antigen restimulation, ultimately leading
to potential long-term protection [41, 42].

In summary, diverse types of Tth cells perform distinct roles within
the body. Tfhl cells hold significance in humoral immunity, yet
their precise involvement in autoimmune diseases remains enig-
matic. Conversely, Tfh2 cells promote the production of IgE and
IgG4 antibodies, closely linked to allergic diseases. Meanwhile,
Tth17 cells excel in generating long-term immune protection. These
cells exert their influence on immune responses by secreting vari-
ous cytokines that support B-cell proliferation, divergence, and
class switching.

4 | Roles of Tfh Cells in IgA Vasculitis
4.1 | Tfh Cell Subsets

Liuetal. [43] investigated the roles of different groups of Tth cells in
HSP pathogenesis. The findings revealed an increase in the number
of circulating Tfh2 and Tth17 cells among every HSP kind, with a
positive connection between the two. Serum IgA levels were shown
to be favorably related to the amount of both of these cell types.
Tfh2 and Tfh17 cells are able to assist naive B cells by generating IL-
21, which then secrete diverse Ig isotypes. This could represent one
of the explanations of high blood IgA levels among HSP patients.
Furthermore, in HSP patients, the amount of Tth2 cells has been
shown to be favorably connected with IL-4 levels and inversely
correlated with blood complement 4 (C4) levels [43]. Tfh2 cell
quantities that are abnormally high could boost IL-4 production,
resulting in a stronger inflammatory response and worsening of C4
exhaustion, culminating in its accumulation onto the wall of the
vessel; all of these are connected with the development of HSP. In
conclusion, these findings indicate that Tth2 and Tfh17 cells have a
role in the pathophysiology and progression of HSP. In individuals

with abdominal HSP, the amount of circulating Tth1 cells was
shown to be lower [43]. This phenomenon may be related to the
expression of CXCR3 on their surface, which can cause Tfh1 cells to
migrate to inflammatory organs, resulting in a decline in the
amount of circulating Tth1 cells [43]. These suggest that in abdom-
inal HSP, Tfh1 cells may migrate to the gastrointestinal tract and
participate in inflammatory reactions, thereby leading to the occur-
rence of gastrointestinal symptoms [43].

4.2 | B Lymphocytes

Tth cells play a crucial role in the development of HSP because of
their capacity to promote B-cell activation, proliferation, and differ-
entiation, thereby contributing to autoantibody production. Several
studies have found a large increase in B-cell counts in individuals
with HSPN, particularly activated B cells. The B cell count corre-
sponds with clinical measures such as 24-h urine protein in
patients, indicating that B lymphocytes play an important role in
the etiology of HSPN [44]. The efficacy of B-lymphocyte depletion
therapy utilizing anti-CD20 antibodies in the treatment of HSP
highlights the essential function of B lymphocytes in the pathogen-
esis of this illness [45].

One of the central pathogenic mechanisms in HSP is the increased
production of galactose-deficient IgA1 (Gd-IgAl), which represents
a key component of the widely accepted “multi-hit hypothesis”
explaining IgA-mediated disease pathogenesis [46, 47]. In this
model, B cells produce aberrantly glycosylated IgA1l molecules
that are subsequently recognized by antiglycan autoantibodies,
leading to the formation of circulating immune complexes that
deposit in tissues and trigger inflammatory responses [46]. Gd-
IgAl levels in HSP patients’ blood have been found to be elevated
[14]. Compared to normal IgA, Gd-IgAl is more prone to self-
aggregation, leading to the formation of large molecular substances
and a heightened tendency to create circulating immune complexes
[48]. Simultaneously, when the spatial structure of Gd-IgAl
changes, it becomes more difficult to identify and remove, resulting
to an increase in circulating Gd-IgA1 and associated immunological
complexes [49]. Gd-IgAl circulating immunological complexes
readily deposit inside the mesangial region and underneath the
endothelium of renal glomeruli, activating the complement path-
way. They also promote the growth and stimulation of mesangial
cells as well as other inflammatory cells, leading to the production
of inflammatory substances, fibrogenic factors, and chemotactic
factors, causing an increase in the mesangial matrix [50]. Further-
more, Gd-IgAl has the ability to increase the reactivity of nitric
oxide (NO) synthase while decreasing the activity of vascular endo-
thelial growth factor and decreasing blood vessel reparative capac-
ity. Ultimately, these processes lead to the occurrence of kidney
damage, including glomerulosclerosis and interstitial fibrosis
[49, 51-53].

Emerging evidence suggests that Tth cells may contribute to Gd-
IgA1l overproduction through multiple interconnected mechan-
isms. Tth cells secrete large amounts of IL-21, a key cytokine that
promotes B-cell proliferation, plasma-cell differentiation, and Ig
class switching [10]. In addition, Tth-derived cytokines such as
IL-6 and IL-4 can influence the glycosylation machinery of IgA-
producing B cells. Dysregulated cytokine environments within GCs
may alter the expression of glycosyltransferases responsible for

Journal of Immunology Research, 2026

30f9



Germinal center in lymphoid tissue

Mucosal immune trigger
(infection)

Anti-CD20

Q)

Becell ® @

IgA immune complex

Therapeutic targets
Cytokine inhibition
‘ IL-6 inhibitor
(e.g. tocilizumab)
L 4

Tissue damage in HSP

Systemic inflammation
o Vascular injury

o Skin purpura

e Joint pain

o GI bleeding

o Kidney damage

deposion

* & T, Q/' &%

Skin vasculitis

Neutrophil
recruitment

Glomerulonephritis

ICOS-ICOSL blockade

FIGURE1 |
complex formation and small-vessel inflammation.

IgAl O-glycosylation, thereby facilitating the generation of Gd-
IgAl [46, 54]. The skewed expansion of Tfh2 and Tfh17 subsets
reported in patients with HSP may further enhance IgA production,
with Tfh17 cells being particularly efficient at promoting IgA class
switching [12].

Further supporting the role of Tfh cells in IgA dysregulation, Wang
et al. [14] reported higher levels of Gd-IgA1l in HSP patients’ blood,
which were favorably linked with circulating CD4" CXCR5*
ICOS™ Tth cells, in addition to blood levels of IL-6 and IL-21. In
another study on «-1,4-d-polygalactosamine (PGA) antibodies in
HSP patients by Meihua et al. [55], they found that serum levels
of PGA-IgA, CD4" CXCR5" Tfh cell percentage, and CD4"
CXCR5" ICOS* Tth cell percentage were greater among HSP suf-
ferers. PGA-IgA levels were positively connected with Tth cell per-
centage, particularly with CD4" CXCR5" ICOS™ Tfh cells,
indicating that a rise in the proportion of CD4* CXCR5* ICOS™
Tfh cells could be the source of the increase in PGA-IgA antibo-
dies [55].

Consistent with these mechanistic insights, clinical studies have
demonstrated significant alterations in B-cell subpopulations in
patients with HSP. One study reported increased proportions
and absolute counts of total peripheral blood B cells, whereas
plasma cell proportions were reduced. The proportion of naive
B cells was sharply reduced, but their absolute count was
enlarged. The absolute count and proportion of nonswitched
memory B lymphocytes rose, while no striking differences
were observed within the proportion and actual number of
switched memory B lymphocytes. Meanwhile, the proportion
of CD4* CXCR5" Tfh cells within total lymphocytes raised

Tth cells drive B-cell activation and IgA production in Henoch-Schonlein purpura (HSP) via IL-21, IL-4, and IL-6, promoting immune

greatly, which positively correlated with the proportions of total
B lymphocytes, naive B lymphocytes, nonswitched memory B
lymphocytes, and switched memory B lymphocytes, but not
plasma cells [56].

Taken together, these findings indicate that dysregulated Tth—B-
cell interactions constitute an upstream immunological mechanism
driving the activation, expansion, and class switching of autoreac-
tive B cells. This process ultimately leads to abnormal IgA produc-
tion, increased Gd-IgAl formation, and immune complex
deposition, thereby accelerating the progression of HSP. This
Tth-B-cell-driven pathogenic cascade, from Tfh-cell differentiation
and cytokine secretion to IgA immune complex deposition, com-
plement activation, tissue injury, and related therapeutic targets, is
illustrated in Figure 1.

43 | IL-6

Tth cell-secreted IL-6 has been shown to perform a crucial part in
HSP pathogenesis. The level of IL-6 in HSP patients is higher and
strongly linked with the amount of CD4* CXCR5" ICOS™ Tth cells
[14, 56-59]. In acute inflammation, IL-6 activates endothelial cells,
which triggers the release of monocyte chemotactic proteins,
enhanced production of adhesion proteins, and neutrophil migra-
tion to the inflamed site. This process may potentially lead to endo-
thelial cell damage [60]. Furthermore, in adult HSP patients, a
strongly favorable correlation among IL-6 and IgA antiphosphati-
dylserine-prothrombin (PSPT) complex antibody levels was
observed [28]. IgA anti-PSPT is an antithrombinogen antibody
that induces hypercoagulability of the blood, thereby promoting
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thrombosis [61]. Upregulated IgA anti-PSPT has been detected in
HSP patients, and there was a clear correlation among IgA anti-
PSPT and higher C-reactive protein (CRP) values [62]. CRP is an
inflammatory biomarker, and increased CRP may contribute to
clinical deterioration [62]. These findings indicate the oversecreted
IL-6 in HSP patients may contribute to leukocytoclastic vasculitis
by activating endothelial cells and neutrophils and promote coagu-
lation via inducing IgA anti-PSPT. At the same time, overexpressed
IgA anti-PSPT further leads to higher CRP levels, thus aggravating
the inflammatory response in HSP patients. Additionally, markedly
increased IL-6 and IgM anti-PSPT in HSP patients with gastrointes-
tinal symptoms were observed compared to those without such
symptoms [28]. A research on acute mesenteric ischemia found a
substantial increase in blood levels of IL-6 in clients, suggesting a
potential link between gastrointestinal involvement in HSP and
abnormal augmentation of IL-6 [28].

Besides the above, IL-6 has been found to be closely associated
with kidney damage in HSPN. Data show that the HSPN group
produces significantly more IL-6 than the simple HSP category,
abdominal HSP category, and healthy control category, with IL-6
levels in HSPN patients positively related with the degree of
pathological grading [63]. Another research discovered a link
between children’s HSPN and IL-6 excretion in the urine, with
HSPN patients having significantly higher IL-6 concentrations in
their urine relative to both normal controls and HSP patients
without nephritis [64]. Therefore, IL-6 levels may act as a poten-
tial indicator for distinguishing HSP with or without nephritis.
As for the potential mechanisms by which IL-6 promotes kidney
injury, Sugiyama et al. [65] found profoundly elevated serum IL-6
levels in HSPN patients compared to IgA nephropathy (IgAN)
patients and a significantly positive connection among IL-6 and
blood Gd-IgAl enrichments. In HSPN patients, they also con-
firmed a significantly beneficial relationship among the glomer-
ular meniscus and blood Gd-IgAl. As previously discussed, the
build-up of Gd-IgAl immunity complexes within the kidneys
induces renal damage, including glomerulosclerosis and intersti-
tial fibrosis. Therefore, IL-6 may contribute to the advancement
of nephritis in HSPN patients through their association with
Gd-IgAl.

44 | IL-4

Several studies have shown that IL-4 levels are abnormally elevated
in patients with HSP [25, 43]. Increased IL-4, as a primary effector of
Th2-type immune responses, may drive the development of naive
T cells towards Th2 cells, leading to a Th1/Th2 imbalance. Th2-type
immune reactions cause a release of a large amount of IL-4, which
causes aberrant proliferation and stimulation of B cells, resulting in
excessive Ig synthesis as well as the onset of HSP.

5 | Mechanisms of Abnormal Tfh Cell Expression
in Patients With HSP

Wang et al. [66] have proposed a possible mechanism to explain the
overproduction of Tth cells in patients with HSP. According to their
research, Tfh-related regulatory factors were found to be abnor-
mally expressed in these patients. Bcl-6 and c-MAF mRNA levels
within circulating CD4™ T Iymphocytes rose, but B lymphocyte—
induced maturation protein 1 (Blimp-1) mRNA levels dropped.

Bcl-6 is a transcription element that regulates Tth cell development.
CD4* lymphocytes lacking Bcl-6 cannot develop towards Tth cells,
with ¢-MAF enhancing IL-21 and CXCRS5 production. The Bcl-6
and c-MAF combination can activate CXCRS5, PD-1, and ICOS,
boosting Tth development and functional differentiation [67, 68].
Blimp-1, as an antagonistic factor of Bcl-6, predominantly inhibits
Tth differentiation and development. Blimp-1 can directly restrain
the expression of Bcl-6, and its activity can also be hindered by Bcl-6
[69]. Tth cell overexpression in HSP patients may be related to the
aberrant regulation of these factors.

6 | Distinct Roles of Tfh Cells in HSP and IgAN

Although HSP and IgAN share several immunopathological fea-
tures, emerging evidence points to notable differences in their
immune regulation. HSP manifests as a systemic vasculitis,
whereas IgAN primarily affects the kidney. In HSP, cTfh cells are
markedly elevated and closely correlate with disease activity and
serum IgA levels [43], whereas Tfh cell alterations in IgAN are
generally more subtle and appear largely confined to mucosal
immune compartments. This distinction reflects broader differ-
ences in the nature and extent of immune activation between the
two conditions.

The immune environment in HSP also tends to be Th2-biased, with
increased IL-4 production and expansion of Tfh2 subsets [70],
which may facilitate systemic B-cell activation and promote wide-
spread deposition of IgA immune complexes in small vessels.
Although mucosal immune dysregulation contributes to both dis-
eases, the underlying mechanisms diverge: IgAN is strongly associ-
ated with aberrant immune responses in the GALT and tonsils [11],
whereas HSP involves systemic immune activation—often trig-
gered by infections—that leads to widespread immune complex
deposition and vascular inflammation.

Collectively, these observations suggest that while HSP and IgAN
share common pathogenic pathways, systemic Tfh-mediated
immune activation plays a more prominent role in the pathogenesis
of HSP.

7 | Comparison of Tfh Cell Dysregulation in
HSP and SLE

Tth cells are also critically involved in the pathogenesis of SLE,
another autoimmune disease characterized by abnormal B-cell acti-
vation and autoantibody production [71]. However, the functional
characteristics of Tth cells differ between HSP and SLE.

In SLE, expansion of Tfh cells leads to excessive GC reactions and
the production of multiple pathogenic autoantibodies, including
antidouble-stranded DNA antibodies. Key regulatory pathways
such as ICOS signaling, Bcl-6 expression, and IL-21 production
play central roles in sustaining Tfh cell responses in SLE [13, 71].

In contrast, HSP is characterized by a predominantly IgA-biased
humoral immune response. Tfh cells in HSP primarily promote IgA
production rather than the broad spectrum of autoantibodies
observed in SLE [1]. Furthermore, HSP is frequently associated
with infection-related triggers and mucosal immune activation,
which may influence Tth cell differentiation through cytokines
such as IL-6 and IL-4 [6].
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These differences highlight how similar Tth-mediated immune
pathways may lead to distinct autoimmune diseases depending
on the immunological context.

8 | Therapeutic Strategies Targeting the Tth-B-
Cell Axis

Given the central role of Tfh cells in promoting autoreactive B-cell
responses and abnormal IgA production, targeting the Tth—B-cell
axis has emerged as a promising therapeutic strategy for IgA-medi-
ated diseases, including HSP.

B-cell depletion therapy represents one of the most direct
approaches to interrupt the interaction between Tfh cells and
B cells. Rituximab, an anti-CD20 monoclonal antibody, has
been used in patients with severe or refractory HSP and
HSPN. Clinical reports have shown that rituximab treatment
can reduce proteinuria and improve disease activity, supporting
the critical role of B cells in the pathogenesis of IgA-mediated
diseases [72].

Cytokine-targeted therapies may also modulate Tth cell differen-
tiation and function. IL-6 is an important cytokine involved in
Tth differentiation through the activation of the STAT3 signaling
pathway. Blocking IL-6 signaling with monoclonal antibodies
such as tocilizumab has shown therapeutic efficacy in several
autoimmune diseases and may indirectly suppress Tfth-mediated
B-cell responses [29]. In addition, IL-21, a key cytokine produced
by Tth cells, promotes B-cell proliferation, plasma-cell differenti-
ation, and Ig class switching. Experimental studies have demon-
strated that inhibition of IL-21 signaling can significantly reduce
plasmablast differentiation and antibody production, highlight-
ing the potential of targeting this pathway to regulate Tfh-driven
humoral immunity [73].

Beyond cytokine pathways, costimulatory signals are essential for
Tth cell development and GC formation. The ICOS-ICOSL signal-
ing pathway plays a central role in maintaining Tfh cell function
and B-cell help. Experimental studies have shown that blocking
ICOS signaling can reduce Tth cell numbers and impair GC
responses, suggesting that this pathway represents a potential ther-
apeutic target for diseases characterized by abnormal Tth activa-
tion [10].

More recently, therapies targeting B-cell survival factors, partic-
ularly the BAFF/APRIL pathway, have attracted increasing
attention in IgA-mediated diseases. Agents that inhibit these
pathways can reduce B-cell activation and pathogenic IgA pro-
duction and are currently under investigation in clinical trials for
IgAN. Because these pathways regulate B-cell maturation and
antibody production, they may also indirectly regulate B-cell
activation and IgA production pathways, which are closely
linked to Tth cell function [74].

Collectively, these therapeutic strategies targeting different com-
ponents of the Tfh—B-cell axis, including B-cell depletion, cytokine
blockade, costimulatory pathway inhibition, and modulation of
B-cell survival factors, may represent promising approaches for
the treatment of HSP. However, further studies are required to
determine their efficacy and safety specifically in HSP.

9 | Conclusions

HSP is a disease with a complex etiology. The function of T cells
in the pathological process of HSP has grown into a major study
issue in recent years. The involvement of Tfh cells within HSP is
yet unknown as a subtype of T cells, as there are significant
discrepancies between different study findings. Most studies,
for example, demonstrate an increase in the number of circulat-
ing CD4* CXCR5" Tth cells among HSP patients [14, 56-59].
However, Audemard-Verger et al. [75] discovered that in HSP
individuals, the fraction of CD4* CXCR5" Tth cells among circu-
lating memory CD4" T lymphocytes was reduced, while CXCL13
production in the plasma was elevated. Tth cells expressing
CXCRS5 move to lymph nodes under the chemotactic impact of
CXCL13, allowing them to localize in the B cell zone of GC and
interact with B cells [14]. CXCL13 increase may confine circulat-
ing CD4* CXCR5" Tth cells into secondary lymphoid organs,
causing them to participate in IgA synthesis and, as a result,
reduce CD4" CXCR5" Tth cells within the blood [76]. Similarly,
different studies have produced distinct results regarding CD4*
CXCR5" PD-1" Tth cells. The majority of research results show
no significant variations within the number of circulating CD4"
CXCR5" PD-1* Tth cells among HSP patients and normal con-
trols, and the amount of CD4t CXCR5" PD-1% Tfh cells is not
statistically connected with blood IgA, IL-6, or IL-21 levels [56,
57, 59]. A research, however, found that individuals with HSPN
had considerably more peripheral CD4* CXCR5" PD-1* Tfh cells
than normal controls. The frequency of CD4* CXCR5* PD-1*
Tth cells dropped after therapy, indicating that those cells are
implicated in the pathogenesis of HSPN [58]. Similar findings
were obtained throughout a research investigating the treatment
of HSPN with total glucosides of paeonia: Circulating CD4*
CXCR5* PD-1* Tfh cells rose in patients, as did IL-4 and IL-21
levels in the blood. The increases of CD4* CXCR5" PD-1* Tfh
cells, IL-21, and IL-4 all appeared to be strongly correlated with
each other [25]. Furthermore, multiple investigations have pro-
duced conflicting results regarding the fraction of CD4* CXCR5*
ICOS™ PD-1" Tth cells in HSP patients. Zhang et al. [58] found
little variation within the percentage of CD4* CXCR5" ICOS™
PD-1" Tfh cells among patients with purpuric nephritis and
healthy controls, while Liu et al. [59] found that circulating
CD4* CXCR5* ICOS™ PD-1* Tfh cells seemed broadly higher
in every group of HSP patients, especially in mixed-type patients.
It is well assumed that the PD-1 molecule can negatively influ-
ence T-lymphocyte activation and B-lymphocyte activity
within GC [76, 77]. The differences found in these investiga-
tions indicate that the function of PD-1-expressing Tth cells
within HSP development needs further exploration. Table 1
shows the expression of Tth cells and their cytokines in various
investigations.

While HSP can be self-limiting to a certain extent, it poses a signifi-
cant threat to several organs, gravely impacting the patient’s well-
being and may even result in fatality. Clarifying the role of Tth cells
in HSP may provide important insights into the disease mechanisms
and reveal potential therapeutic targets. Future studies integrating
clinical investigations and experimental models will be necessary to
further elucidate how dysregulated Tfh—B-cell interactions contrib-
ute to abnormal IgA production and systemic vasculitis.

6 of 9

Journal of Immunology Research, 2026



TABLE 1 | Abnormal Tfh cells and their cytokines in HSP.
Source Findings Ref.
Children CD4" CXCR5* ICOS* Tfh cells, IL-21, and IL-6 increased in HSP patients [14]
CD4" CXCR5* PD-1" Tth cells, IL-21, and IL-4 increased in HSP patients [25]
Tth2, Tth17, and IL-4 increased in all types of HSP patients, but Tfh1 decreased in abdominal HSP patients [43]
CD4" CXCR5" Tfh cells increased in HSP patients [56]
CD4* CXCR5" and CD4" CXCR5* ICOS™ Tfh cells increased in HSP patients [55]
CD4* CXCR5*, CD4* CXCR5" ICOS* Tth cells, IL-21, and IL-6 increased in HSP patients [57]
CD4* CXCR5* ICOS*, CD4* CXCR5* ICOS* PD-1* Tth cells, and IL-21 increased in HSP patients [59]
CD4* CXCR5" ICOS* Tth cells increased in HSP patients [66]
Adults CD4* CXCR5", CD4" CXCR5" ICOS™, CD4" CXCR5* PD-1" Tth cells, and IL-21 increased in HSP patients [58]
CD4* CXCR5™" Tth cells decreased in HSP patients [75]
7. S. Luo, G. Liang, P. Zhang, M. Zhao, and Q. Lu, “Aberrant Histone
Modifications in Peripheral Blood Mononuclear Cells From Patients With
Acknowledgments Henoch-Schonlein Purpura,” Clinical Immunology 146, no. 3 (2013): 165-

This work was supported by the Changsha Municipal Natural Science Foun-
dation (Grant kq2502004), the National Natural Science Foundation of
China (Grant 81872533), and the Hunan Provincial Natural Science Foun-
dation of China (Grant 2019JJ40427).

Funding

This work was supported by the National Natural Science Foundation of
China (Grant 81872533), the Hunan Provincial Natural Science Foundation
of China (Grant 2019JJ40427), and the Changsha Municipal Natural Science
Foundation (Grant kq2502004).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing is not applicable to this article as no datasets were generated or
analyzed during the current study.

References

1. M. H. Heineke, A.V. Ballering, A. Jamin, S. Ben Mkaddem,
R. C. Monteiro, and M. Van Egmond, “New Insights in the Pathogenesis
of Immunoglobulin A Vasculitis (Henoch-Schonlein Purpura),”
Autoimmunity Reviews 16, no. 12 (2017): 1246-1253.

2. L. Oni and S. Sampath, “Childhood IgA Vasculitis (Henoch Schonlein
Purpura)—Advances and Knowledge Gaps,” Frontiers in Pediatrics 7
(2019): 257.

3.Y. Ding, Y. Zhou, H.-R. Li, Y.-H. Xiong, W. Yin, and L. Zhao,
“Characteristics of Immune Function in the Acute Phase of Henoch-
Schonlein Purpura,” Clinical Rheumatology 40, no. 9 (2021): 3711-3716.

4. F. Maritati, A. Canzian, P. Fenaroli, and A. Vaglio, “Adult-Onset IgA
Vasculitis (Henoch-Schonlein): Update on Therapy,” La Presse Médicale
49, no. 3 (2020): 104035.

5. A. Audemard-Verger, B. Terrier, A. Dechartres, et al., “Character-
istics and Management of IgA Vasculitis (Henoch-Schonlein) in
Adults: Data From 260 Patients Included in a French Multicenter
Retrospective Survey,” Arthritis & Rheumatology 69, no. 9 (2017): 1862—
1870.

6. Y. Song, X. Huang, G. Yu, et al., “Pathogenesis of IgA Vasculitis: An
Up-To-Date Review,” Frontiers in Immunology 12 (2021): 771619.

175.

8. S. Crotty, “Follicular Helper CD4 T Cells (T gg),” Annual Review of
Immunology 29, no. 1 (2011): 621-663.

9.Y. Song, X. Huang, G. Yu, et al, “BCL6 Orchestrates Tth Cell
Differentiation via Multiple Distinct Mechanisms,” Journal of
Experimental Medicine 212, no. 4 (2015): 539-553.

10. S. Crotty, “T Follicular Helper Cell Biology: A Decade of Discovery
and Diseases,” Immunity 50, no. 5 (2019): 1132-1148.

11. R. C. Monteiro and L. Berthelot, “Role of Gut-Kidney Axis in Renal
Diseases and IgA Nephropathy,” Current Opinion in Gastroenterology 37,
no. 6 (2021): 565-571.

12. R. Morita, N. Schmitt, S.-E. Bentebibel, et al., “Human Blood CXCR5
(+)CD4(+) T Cells Are Counterparts of T Follicular Cells and Contain
Specific Subsets That Differentially Support Antibody Secretion,”
Immunity 34, no. 1 (2011): 108-121.

13. C. G. Vinuesa, M. A. Linterman, D. Yu, and I. C. M. MacLennan,
“Follicular Helper T Cells,” Annual Review of Immunology 34, no. 1
(2016): 335-368.

14. B. Wang, F.R. Shao-Kuan, and C. Dong, “Expression and
Significance of Follicular Helper T Cells and Galactose-Deficient IgA1l
in Children with Henoch-Schonlein Purpura,” Zhongguo Dang Dai Er Ke
Za Zhi 22, no. 5 (2020): 473-477.

15. N. Gensous, M. Charrier, D. Duluc, et al., “T Follicular Helper Cells in
Autoimmune Disorders,” Frontiers in Immunology 9 (2018): 1637.

16. C. J. Kim, C.-G. Lee, J.-Y. Jung, et al., “The Transcription Factor Ets1
Suppresses T Follicular Helper Type 2 Cell Differentiation to Halt the
Onset of Systemic Lupus Erythematosus,” Immunity 49, no. 6 (2018):
1034-1048.

17. S. J. Kim, S. Schiitzle, S. S. Ahmed, et al., “Increased Cathepsin S in
Prdm1(-/-) Dendritic Cells Alters the T(FH) Cell Repertoire and
Contributes to Lupus,” Nature Immunology 18, no. 9 (2017): 1016-1024.

18. R. Spolski and W. J. Leonard, “Interleukin-21: A Double-Edged
Sword With Therapeutic Potential,” Nature Reviews Drug Discovery 13,
no. 5 (2014): 379-395.

19. W. Song and J. Craft, “T Follicular Helper Cell Heterogeneity: Time,
Space, and Function,” Immunological Reviews 288, no. 1 (2019): 85-96.

20. S. Dolff, W. H. Abdulahad, J. Westra, et al., “Increase in IL-21
Producing T-Cells in Patients With Systemic Lupus Erythematosus,”
Arthritis Research & Therapy 13, no. 5 (2011): R157.

Journal of Immunology Research, 2026

7 of 9



21. R. Ettinger, G. P. Sims, A.-M. Fairhurst, et al, “IL-21 Induces
Differentiation of Human Naive and Memory B Cells into Antibody-
Secreting Plasma Cells,” The Journal of Immunology 175, no. 12 (2005):
7867-7879.

22. J. Pene, J. F. Gauchat, S. Lécart, E. Drouet, et al., “Cutting Edge: IL-21
Is a Switch Factor for the Production of IgG1 and IgG3 by Human B
Cells,” The Journal of Immunology 172, no. 9 (2004): 5154-5157.

23. A. Vogelzang, H. M. McGuire, D. Yu, J. Sprent, C. R. Mackay, and
C. King, “A Fundamental Role for Interleukin-21 in the Generation of T
Follicular Helper Cells,” Immunity 29, no. 1 (2008): 127-137.

24. 1. C. Ho and S. C. Miaw, “Regulation of IL-4 Expression in Immunity
and Diseases,” Yeast Membrane Transport 941 (2016): 31-77.

25. K. F. Shao, F. J. Guan, and C. Dong, “Clinical Effect and Mechanism
of Total Glucosides of Paeony in the Adjuvant Therapy for Children With
Henoch-Schonlein Purpura Nephritis: A Prospective Randomized
Controlled Study,” Zhongguo Dang Dai Er Ke Za Zhi 23, no. 1 (2021):
49-54.

26. J. Zhu and W. E. Paul, “CD4 T Cells: Fates, Functions, and Faults,”
Blood 112, no. 5 (2008): 1557-1569.

27. C. A. Hunter and S. A. Jones, “IL-6 as a Keystone Cytokine in Health
and Disease,” Nature Immunology 16, no. 5 (2015): 448-457.

28. S. Kimura, S. Takeuchi, Y. Soma, and T. Kawakami, “Raised Serum
Levels of Interleukins 6 and 8 and Antiphospholipid Antibodies in an
Adult Patient With Henoch-Schonlein Purpura,” Clinical and Experimen-
tal Dermatology 38, no. 7 (2013): 730-736.

29. T. Tanaka, M. Narazaki, and T. Kishimoto, “IL-6 in Inflammation,
Immunity, and Disease,” Cold Spring Harbor Perspectives Biology 6, no. 10
(2014): a016295.

30. M. B. Bautista-Caro, I. Arroyo-Villa, C. Castillo-Gallego, et al.,
“Decreased Frequencies of Circulating Follicular Helper T Cell
Counterparts and Plasmablasts in Ankylosing Spondylitis Patients Naive
for TNF Blockers,” PLoS ONE 9, no. 9 (2014): e107086.

31. J. R. Christensen, L. Bornsen, R. Ratzer, et al., “Systemic
Inflammation in Progressive Multiple Sclerosis Involves Follicular T-
Helper, Th17- and Activated B-Cells and Correlates With Progression,”
PLoS ONE 8, no. 3 (2013): €57820.

32. X. Ma, S. Nakayamada, S. Kubo, et al., “Expansion of T Follicular
Helper-T Helper 1 Like Cells Through Epigenetic Regulation by Signal
Transducer and Activator of Transcription Factors,” Annals of The
Rheumatic Diseases 77, no. 9 (2018): 1354-1361.

33. X. Ma, S. Nakayamada, and J. Wang, “Multi-Source Pathways of T
Follicular Helper Cell Differentiation,” Frontiers in Immunology 12
(2021): 621105.

34. 1. Kurata, I. Matsumoto, and T. Sumida, “T Follicular Helper Cell
Subsets: A Potential Key Player in Autoimmunity,” Immunological
Medicine 44, no. 1 (2021): 1-9.

35. R. C. Levack, K. L. Newell, M. Popescu, B. Cabrera-Martinez, and
G. M. Winslow, “CD11c(+) T-Bet(+) B Cells Require IL-21 and IFN-
Gamma From Type 1 T Follicular Helper Cells and Intrinsic Bcl-6
Expression but Develop Normally in the Absence of T-Bet,” Journal of
Immunology 205, no. 4 (2020): 1050-1058.

36. U. Gowthaman, J. S. Chen, and B. Zhang, “Identification of a T
Follicular Helper Cell Subset That Drives Anaphylactic IgE,” Science 365
(2019): 6456.

37. M. D. Powell, K. A. Read, B. K. Sreekumar, D. M. Jones, and
K. J. Oestreich, “IL-12 Signaling Drives the Differentiation and Function
of a T(H)1-Derived T(FH1)-Like Cell Population,” Scientific Reports 9,
no. 1 (2019): 13991.

38. A. Seth and J. Craft, “Spatial and Functional Heterogeneity of
Follicular Helper T Cells in Autoimmunity,” Current Opinion in
Immunology 61 (2019): 1-9.

39. Y. Yao, Z.-C. Wang, D. Yu, and Z. Liu, “Role of Allergen-Specific T-
Follicular Helper Cells in Immunotherapy,” Current Opinion in Allergy &
Clinical Immunology 18, no. 6 (2018): 495-501.

40. K. Bao, U. I. Can, M. M. Miller, et al., “A Bifurcated Role for c-Maf in
Th2 and Tfh2 Cells During Helminth Infection,” Mucosal Immunology 16,
no. 3 (2023): 357-372.

41. X. Gao, K. Luo, D. Wang, et al., “T Follicular Helper 17 (Tth17) Cells
Are Superior for Immunological Memory Maintenance,” Elife 12 (2023):
€82217.

42. S. Dahdal, C. Saison, M. Valette, et al., “Residual Activatability of
Circulating Tfh17 Predicts Humoral Response to Thymodependent
Antigens in Patients on Therapeutic Immunosuppression,” Frontiers in
Immunology 9 (2018): 3178.

43. D. Liu, J. Liu, J. Wang, et al., “Distribution of Circulating T Follicular
Helper Cell Subsets is Altered in Immunoglobulin A Vasculitis in
Children,” PLoS ONE 12, no. 12 (2017): e0189133.

44. D. Liu, J. Liu, J. Wang, et al., “A Lower Proportion of Regulatory B
Cells in Patients With Henoch-Schoenlein Purpura Nephritis,” PLoS ONE
11, no. 3 (2016): €0152368.

45. S. Lundberg, E. Westergren, J. Smolander, and A. Bruchfeld, “B Cell-
Depleting Therapy With Rituximab or Ofatumumab in Immunoglobulin
A Nephropathy or Vasculitis with Nephritis,” Clinical kidney journal 10,
no. 1 (2017): 20-26.

46. Y. Ohyama, M. B. Renfrow, J. Novak, et al., “Aberrantly Glycosylated
IgA1 in IgA Nephropathy: What We Know and What We Don’t Know,”
Journal of Clinical Medicine 10, no. 16 (2021): 3467.

47. H. Suzuki, K. Kiryluk, J. Novak, et al., “The Pathophysiology of IgA
Nephropathy,” Journal of The American Society of Nephrology 22, no. 10
(2011): 1795-1803.

48. M. Pohl, “Henoch-Schonlein Purpura Nephritis,” Pediatric Nephrol-
ogy 30, no. 2 (2015): 245-252.

49.J. Novak, H.L. Vu, L. Novak, B. A. Julian, J. Mestecky, and
M. Tomana, “Interactions of Human Mesangial Cells With IgA and IgA-
Containing Immune Complexes,” Kidney International 62, no. 2 (2002):
465-475.

50. R. C. Monteiro, “Role of IgA and IgA Fc Receptors in Inflammation,”
Journal of Clinical Immunology 30, no. 1 (2010): 1-9.

51. S. Hisano, M. Matsushita, T. Fujita, and H. Iwasaki, “Activation of the
Lectin Complement Pathway in Henoch-Schonlein Purpura Nephritis,”
American Journal of Kidney Diseases 45, no. 2 (2005): 295-302.

52. B. D. Oortwijn, J.-W. Eijgenraam, M.-P. Rastaldi, A. Roos,
M. R. Daha, and C. van Kooten, “The Role of Secretory IgA and
Complement in IgA Nephropathy,” Seminars in Nephrology 28, no. 1
(2008): 58-65.

53. R.J. Wyatt and B. A. Julian, “IgA Nephropathy,” New England
Journal of Medicine 368, no. 25 (2013): 2402-2414.

54. K. Kiryluk and J. Novak, “The Genetics and Immunobiology of IgA
Nephropathy,” Journal of Clinical Investigation 124, no. 6 (2014): 2325-
2332.

55. M. Meihua, L. Xiaozhong, W. Qin, Z. Yunfen, C. Yanyan, and
S. Xunjun, “Association Between Tth and PGA in Children With Henoch-
Schonlein Purpura,” Open Medicine 16, no. 1 (2021): 986-991.

56. N. Zhang, G. Tian, Y. Sun, J. Pan, W. Xu, and Z. Li, “Altered B Cell
Compartment Associated With Tth Cells in Children With Henoch-
Schonlein Purpura,” BMC Pediatrics 21, no. 1 (2021): 399.

57.J. Xie, Y. Liu, L. Wang, et al., “Expansion of Circulating T Follicular
Helper Cells in Children With Acute Henoch-Schonlein Purpura,”
Journal of Immunological Research 2015 (2015): 742535.

58. Z. Zhang, S. Zhao, L. Zhang, et al., “A Higher Frequency of CD4(+)
CXCRS5(+) T Follicular Helper Cells in Patients With Newly Diagnosed

8 of 9

Journal of Immunology Research, 2026



Henoch-Schonlein Purpura Nephritis,” International Immunopharma-
cology 32 (2016): 8-15.

59. D. Liu, J. Liu, J. Wang, C. Liu, S. Yang, and Y. Jiang, “Distinct
Phenotypic Subpopulations of Circulating CD4(+)CXCR5(+) Follicular
Helper T Cells in Children With Active IgA Vasculitis,” BMC Immunology
17, no. 1 (2016): 40.

60. Y. H. Yang, H.J. Lai, C. M. Huang, L. C. Wang, Y. T. Lin, and
B. L. Chiang, “Sera From Children With Active Henoch-Schonlein
Purpura Can Enhance the Production of Interleukin 8 by Human
Umbilical Venous Endothelial Cells,” Annals of The Rheumatic Diseases
63, no. 11 (2004): 1511-1513.

61. O. Amengual, T. Atsumi, and T. Koike, “Specificities, Properties, and
Clinical Significance of Antiprothrombin Antibodies,” Arthritis &
Rheumatism 48, no. 4 (2003): 886-895.

62. T. Kawakami, M. Yamazaki, M. Mizoguchi, and Y. Soma, “High Titer
of Serum Antiphospholipid Antibody Levels in Adult Henoch-Schonlein
Purpura and Cutaneous Leukocytoclastic Angiitis,” Arthritis Care &
Research 59, no. 4 (2008): 561-567.

63. Y. Zhu, Y. Dong, L. Wu, and F. Deng, “Changes of Inflammatory
Mediators and Oxidative Stress Indicators in Children With Henoch-
Schonlein Purpura and Clinical Effects of Hemoperfusion in the
Treatment of Severe Henoch-Schonlein Purpura With Gastrointestinal
Involvement in Children,” BMC Pediatrics 19, no. 1 (2019): 409.

64. E. Pillebout, A. Jamina, H. Ayari, et al., “Biomarkers of IgA Vasculitis
Nephritis in Children,” PLoS ONE 12, no. 11 (2017): e0188718.

65. M. Sugiyama, Y. Wada, N. Kanazawa, et al., “A Cross-Sectional
Analysis of Clinicopathologic Similarities and Differences Between
Henoch-Schonlein Purpura Nephritis and IgA Nephropathy,” PLOS ONE
15, no. 4 (2020): €0232194.

66. C. M. Wang, Y. Luo, Y. C. Wang, et al., “Roles of Follicular Helper T
Cells and Follicular Regulatory T Cells in Pathogenesis of Henoch-
Schonlein Purpura in Children,” Zhongguo Dang Dai Er Ke Za Zhi 17,
no. 10 (2015): 1084-1087.

67. R. J. Johnston, A. C. Poholek, D. DiToro, et al., “Bcl6 and Blimp-1 Are
Reciprocal and Antagonistic Regulators of T Follicular Helper Cell
Differentiation,” Science 325, no. 5943 (2009): 1006-1010.

68. M. A. Kroenke, D. Eto, M. Locci, et al., “Bcl6 and Maf Cooperate to
Instruct Human Follicular Helper CD4 T Cell Differentiation,” The
Journal of Immunology 188, no. 8 (2012): 3734-3744.

69. E. Cretney, A. Xin, W. Shi, et al., “The Transcription Factors Blimp-1
and IRF4 Jointly Control the Differentiation and Function of Effector
Regulatory T Cells,” Nature Immunology 12, no. 4 (2011): 304-311.

70. E. Pillebout and C. Sunderkoétter, “IgA Vasculitis,” Seminars in
Immunopathology 43, no. 5 (2021): 729-738.

71. N. Simpson, P. A. Gatenby, A. Wilson, et al., “Expansion of
Circulating T Cells Resembling Follicular Helper T Cells is a Fixed
Phenotype That Identifies a Subset of Severe Systemic Lupus
Erythematosus,” Arthritis and Rheumatism 62, no. 1 (2010): 234-244.

72. R. A. Lafayette, P. A. Canetta, B. H. Rovin, et al., “A Randomized,
Controlled Trial of Rituximab in IgA Nephropathy With Proteinuria and
Renal Dysfunction,” Journal of The American Society of Nephrology 28,
no. 4 (2017): 1306-1313.

73. B. C. Fellstrom, J. Barratt, H. Cook, et al., “Targeted-Release
Budesonide Versus Placebo in Patients With IgA Nephropathy
(NEFIGAN): A Double-Blind, Randomised, Placebo-Controlled Phase
2b Trial,” The Lancet 389, no. 10084 (2017): 2117-2127.

74. C. K. Cheung, J. Barratt, A. Liew, et al., “The Role of BAFF and
APRIL in IgA Nephropathy: Pathogenic Mechanisms and Targeted
Therapies,” Frontiers in Nephrology 3 (2023): 1346769.

75. A. Audemard-Verger, E. Pillebout, A. Jamin, et al., “Recruitment of
CXCR3(+) T Cells Into Injured Tissues in Adult IgA Vasculitis Patients

Correlates With Disease Activity,” Journal of Autoimmunity 99 (2019):
73-80.

76. K. L. Good-Jacobson, C.G. Szumilas, L. Chen, A.H. Sharpe,
M. M. Tomayko, and M. J. Shlomchik, “PD-1 Regulates Germinal Center
B Cell Survival and the Formation and Affinity of Long-Lived Plasma
Cells,” Nature Immunology 11, no. 6 (2010): 535-542.

77. H. Xu, X. Wang, A. Lackner, et al., “PD-1(HIGH) Follicular CD4 T
Helper Cell Subsets Residing in Lymph Node Germinal Centers Correlate
With B Cell Maturation and IgG Production in Rhesus Macaques,”
Frontiers in Immunology 5 (2014): 85.

Journal of Immunology Research, 2026

9 of 9



	Tfh Cells in Henoch-Sch&x00F6;nlein Purpura (IgA Vasculitis): Current Concept
	1. Introduction
	2. Primary Anatomical Sites and Molecular Mechanisms of Tfh Cell Differentiation
	3. Biological Functions of Tfh in Autoimmunity
	4. Roles of Tfh Cells in IgA Vasculitis
	4.1. Tfh Cell Subsets
	4.2. B Lymphocytes
	4.3. IL-6
	4.4. IL-4

	5. Mechanisms of Abnormal Tfh Cell Expression in Patients With HSP
	6. Distinct Roles of Tfh Cells in HSP and IgAN
	7. Comparison of Tfh Cell Dysregulation in HSP and SLE
	8. Therapeutic Strategies Targeting the Tfh&x2013;B-Cell Axis
	9. Conclusions




