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FOLLICULAR T CELLS IN PERIPHERAL BLOOD: INCREASING COMPLEXITY AND KEY QUESTIONS
Grigorova LB
Pirogov Russian National Research Medical University, Moscow, Russia

Follicular helper (Tfh) and follicular regulatory (Tfr) T cells play critical roles in inducing and controlling B cell responses, including the generation of high-affinity
humoral immunity, the antibody class-switching, and the prevention of autoreactivity. Successful Tfh responses are linked to robust vaccine-induced neutralizing
antibody production and efficient clearance of various pathogens. Conversely, dysregulation of follicular T cells is often linked to autoimmune diseases and allergic
reactions. Furthermore, these cells are implicated in the formation of ectopic lymphoid structures (ELS), contribute to certain vascular pathologies, and hold
prognostic value in several cancers. Consequently, the analysis of follicular T cell subpopulations in human peripheral blood is increasingly utilized to investigate the
mechanisms underlying various diseases. In this opinion article, the current understanding of follicular T cell subsets, their functions, and the evolving methods for
analyzing their circulating counterparts in human blood are discussed. In the author's opinion, the central unresolved questions remaining in the field are the precise
phenotypic definition of circulating Tfr cell subpopulations, the elucidation of their developmental trajectory from precursors cells to mature regulatory forms, and
the identification of their anatomical differentiation niches. The collection and translation of these essential data into reliable cellular signatures for peripheral blood
analysis are critical for advancing personalized patient prognosis and developing tailored therapies.
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SONNMNKYNAPHBIE T-KIETKU NEPUGEPUYECKOW KPOBW: HAPACTAIOLLIASI C/TOXKHOCTb
M NMEPBOOYEPEHbLIE BOIMPOCbI

V. 1. Npuroposa =
Poccuiickunii HaumoHanbHbI MCCReaoBaTeNbCKNA MeANLUMHCKUIA YHUBepcuTeT umenHn H. W. Muporosa, Poccus, Mocksa

DonnukynsapHble T-xenneps! (Tth) n honavkynapHbie perynstopHble T-kneTku (Tfr) nrpatoT KIKOHEBYO POb B MHAYKLMM U KOHTPOMNE B-KNeTo4HbIx OTBETOB,
BKJIt0Has (hOpMUPOBaHME BbICOKOAPUHHOMO ryMOPaNibHOO MMMYHUTETA, NEPEKIIOYEHME KNACCOB aHTUTEN U NPEOTBPALLEHME ayTOPEaKTUBHOCTU. YCNELLHbI
otBeT Tfh accoummpoBaH ¢ apeKTVBHON BbIPabOTKOM HENTPaANM3YIOLLMX aHTUTESN NMOCne BakUMHaUmn 1 aPMEKTUBHOM aNMMUHALME Pa3NYHbIX MaToreHoB.
B 10 »xe Bpemst ansperynsaums (ponmKynspHbix T-KNETOK 4acTo CBA3aHa C ayTOMMMYHHbIMY 3a001eBaHNAMN 1 anfieprm4eckMy peakumsmm. HapylueHve rx
HOpPMabHOro YHKLMOHMPOBAHWNSI CBSA3AHO TaKXKe C (DOPMMPOBAHNEM IKTOMUYECKMX M onaHbix cTpykTyp (DJ1C), cnocobCTBYeT pasBUTUIO HEKOTOPbIX
COCYANCTbIX MATONOM 1 MMEET NMPOrHOCTUHECKOE 3HAYEHME NP PSAE OHKOSIOMMYECKIX 3ab60neBaHnii. B cBA3M C aTM aHanma cyononynaumin honinmKynspHbIX
T-KNeToK B NepndepnHecKkor KpoBK YenoBeka BCe Hallle MCMOomb3yloT MNPy U3yHYeHN MEXaHU3MOB pasinyHbiX 3abonesaHnii. B gaHHOM cTatbe obcy»xaatoTcs
COBPEMEHHbIE iaHHble O Pa3HbIX TUMax PONMKYASPHBIX T-KNETOK, UX YHKLMSX 1 MeTodax aHanm3a cyononynsaumin honnmkynspHbiX T-KNeTOK, LMPKYIMPYIOLLX
B KPOBW Yenoseka. CornacHO MHEHWIO aBToPa, LIEHTPasIbHbIMU HEPELLEHHbIMM BOMPOCaMM OCTAIOTCS TOHHOE (PEHOTUNMHECKOE OnpeaeneHve LMPKYIMPYIOLLMX
cybrnonynsumnii Tfr-kneTok, BIACHEHWE nepapXum UX pasBUTUS OT KNETOK-NPEALLIECTBEHHNKOB A0 3PeSibIX PEryNsTOPHbIX POPM 1 YCTAHOBNEHWE X aHATOMUHECKIX
HULW andbcbepeHUmMpoBKN. HakonneHne HeobXxoayMbIX CBEAEHWI 1 X NpeobpadoBaHmne B HafAeXKHbIe CUrHATYPbl A1 KNETOK nepudeprHecKon KpoB HEOOXOANMbI
[N Pa3BUTUS MOAXOLOB MPOrHO3MPOBaHNS 1Cxoaa 3aboseBaHNs y OTAENbHbIX MALWMEHTOB 1 Pa3paboTKX NePCOHAIM3NPOBaHHbIX TEPANEBTUHECKNX MOAXOA0B.

KntoueBble cnoBa: ponankynspHele xennepHble T-knetku, Tfh, donnmkynsapHble perynatopHble T-knetku, Tfr, umpkyanpyrowme honnnkynspHble T-KneTku,
VHEKLWOHHbIe 3ab0NeBaHNS, BaKLMHbI, ainepriisi, ayToMMMYHHble 3a001eBaH1st, OHKONOrMyeckne 3abonesaHmns

PuHaHCMpoBaHue: 1CcneoBaHve BbINOAHEHO NPy (DMHAHCOBON NoAaep ke Poccnickoro HaydHoro dhoHaa (rpaHT Ne 24-15-00545).
BnarogapHocTu: aBTOp BbipaxxaeT NpuaHaTenbHocTb V. B. 3BSrMHy 3a noMoLLb C pefakTMpOoBaHNeM CTaTby.

><] Onsa koppecnoHpeHuun: VprHa JleorraosHa puroposa
yn. OctposuTaHOBa, 4. 1, . Mocksa, 117997, Poccusi; grig76@gmail.com

Cratbsi nonyyeHa: 10.12.2025 CtaTbsi NnpuHaTa K nevatun: 12.12.2025 Ony6nukoBaHa oHnanH: 23.12.2025
DOI: 10.24075/vrgmu.2025.076

ABTOpckue npasa: © 2025 npuHagnexar asropam. Jinyenauat: PHAMY vm. H.M. Muporoea. CtaTbs pasmellieHa B OTKPbITOM AOCTYre 1 pacrnpocTpaHseTcs
Ha ycnosusax nmueHaun Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

Follicular T cells, which localize in B cell follicles and specifically
assist in regulating B cell and antibody responses, were first
reported in 1999 [1]. Since that time, they have attracted
considerable scientific interest, gradually evolving into a field
integrated with the understanding of various diseases and
pathologies. Association analysis of the risk of development
and progression of various diseases with impaired function
and imbalance of follicular T cell subpopulations circulating in

peripheral blood is increasingly becoming an important tool for
prognosis and for establishing potential treatment targets for
multiple diseases [2, 3].

The central feature of follicular T cells is that they are driven
by the master transcription factor Bcl6 and have elevated
levels of the G-protein coupled receptor CXCR5 (Figure, Table).
The CXCR5 receptor enables T cells to migrate into B cell
follicles of secondary lymphoid organs (SLOs), where stromal
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Fig. Major follicular and follicular-like T cells in humans. A schematic describing the generation in secondary lymphoid organs (SLOs) and possible recirculation into
peripheral blood of the main follicular T cell subpopulations: helper (Tfh) and regulatory (Tfr). GC — germinal centers. ELS — ectopic lymphoid structures. Memory
follicular T cells that acquire the ability to enter the circulation downregulate Bcl6 expression and surface levels of CXCR5 and PD1 compared to T cells in GCs.
Peripheral helper T cells (Tph) and, to some extent, Tfh accumulate in ELS, where they produce the chemokine CXCL13, which can recruit B cells

cells express the CXCR5 chemokine ligand CXCL13. Two
major types of follicular T cells that differentiate in response to
antigenic challenge from CD4* helper T cells (Th) and regulatory
T cells (Tregs) are called follicular helper T cells (Tfh) and follicular
regulatory T cells (Tfr) correspondingly.

Tth cells are critical for supporting long-term, high-affinity B
cell and antibody responses, as they are essential for germinal
center (GC) reactions in SLOs. Tfh cells selectively help GC B
cells that present the highest density of cognate peptide—-MHCII
complexes via T cell receptor recognition, delivering essential
signals (CD40L, cytokines IL-21, and IL-4). These interactions
ensure the survival and proliferation of high-affinity B cell clones
and therefore drives GC B cells affinity maturation. Furthermore,
Tfh support immunoglobulin class-switching, memory B-cell
formation, and differentiation of B cells into plasma cells [4].

In contrast to Tfh, Tfr cells are involved in the tolerance
control of B cell responses. In addition, Tfr cells suppress B cell
isotype switching to IgA and IgE as well as differentiation into
plasma cells. They also play an important role in fine-tuning B
cell affinity maturation [5].

While the majority of Tfh cells are known to differentiate
from foreign antigen-specific Th cells, the precursors of
Tfr cells have long been suggested to be thymically-derived
Tregs that express transcription factor FoxP3 and are specific
to autoantigens or in some cases peripheral Tregs (pTregs, Th
cells that upregulate FoxP3 in the periphery). However, more
recent studies have also demonstrated the upregulation of
FoxP3 and the formation of Tfr cells from Tth cells in mice and
human tonsils. These cells are now called induced Tfr (iTfr) [6, 7]
(Figure, Table).

Given the critical role of Tfh and Tfr cells in regulating
B cell responses, forming memory B cells, and generating
high-affinity humoral immunity, their contribution is extensively
studied in both animal models and in human diseases. The
functions of Tth cells have been studied in detail using animal
models of various chronic and acute infections [2, 3]. In
parallel, human studies have examined their roles in infections
including Streptococcus pyogenes, malaria, HIV, flaviviruses,
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COVID-19, and other infections [2, 3, 8]. Vaccination studies in
humans, particularly following seasonal influenza and SARS-
CoV-2 mRNA immunization, have further assessed Tfh cell
responses in relation to neutralizing antibody outcomes [2, 3, 9.
Dysregulation of follicular T cells is also a major focus
of investigation in autoimmune diseases, spanning both
autoantibody-mediated and T cell-dependent pathologies, as
well as in allergies. Furthermore, Tth cells have been linked to
the development of a number of cardiovascular pathologies, as
well as to a positive prognosis in certain cancers when present
within the tumor [2, 3, 9, 10].

The analysis of follicular T cell dynamics in humans during
the normal or pathological immune responses has been carried
out predominantly on the subpopulations that circulate in
peripheral blood. Since GC Tfh cells are confined to SLOs,
the majority of blood-circulating CXCR5* T cells represent Bcl6-
memory Tfh cells that have partially downregulated expression
of CXCR5 (Figure, Table). These circulating Tfh (cTfh) can be
further classified into functional subsets Th1-, Th2-, and Th17-
associated, based on chemokine receptor expression (CCR6,
CXCR3) and their underlying transcription factor profiles (Table)
[11]. Additionally, cytokine profiling has identified IL-13* cTth cells,
a subset associated with IgE with high-affinity to allergens [12].

Notably, human cTfh cells themselves express high levels
of CXCL13. This has led to the hypothesis that cTfh cells that
access peripheral tissues may help initiate ectopic lymphoid
structures (ELS) by creating a chemokine gradient, which
attracts B cells and promotes further lymphoid organization.
However, recent studies have also revealed enrichment of a
distinct CXCL13* T-cell subpopulation with a CXCR5~ PD1han
IL-21* phenotype in ELS. These cells, named peripheral helper
T cells (Tph), are phenotypically similar to Tfh and can also
support B-cell responses despite lacking the CXCR5 receptor.
Furthermore, a strong association has been established
between the circulating Tph and diseases such as rheumatoid
arthritis and systemic lupus erythematosus. Current evidence
does not clarify the cellular origin of Tph [2, 3]. Nevertheless,
Tph have now become a standard component in the analysis
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Table 1. Major types of follicular and follicular-like T cells that regulate B cell responses.

Cell Precursor antigen Major TF Cytokines Surface Localization Peripheral
type cells markers Blood
foreign CXCR5+
Pre-Tfh Th anti %n Bcl6+ PD1+ SLO None
9 ICOS+
foreian IL21 CXCR5++
Tth GC Pre-Tfh anti %n Bcel6+ L4 PD1++ GC in SLO None
9 CXCL13 ICOS++
Tfh memo CXCRS+
ry Bcl6- CXCL13 PD1+ follicles in SLO/ELS cTfh
cells
ICOS+
CXCR3+
Tfh-1 foreign Thbet+ IFNy CCR6- cTfh-1
Tfth GC antigen
Tfh-2 Gata+ L4, IL5 CXCRS- cTfh-2
CCR6- SLO
CXCR3-
Tth-17 RoRyt+ IL17, 1L22 CCR6+ cTfth-17
Tfh-13 allergen IL4, IL13 cTfh-13
’ CXCR5-
Blimp1+ IL21 . '
Tph MAE CXCL13 PD1++ ELS/inflamed tissues cTph
CR2
CXCR5+
. Bcele+ PD1+
Pre-Tfr nTreg auto-antigen FoxP3+ ICOS+ SLO None
CD45RA+
CXCR5+
Pre-Tfr memory ” Bcl6- PD1+
cells Pre-Tfr? FoxP3+ ICOS+ SLO cPre-Tfr
CD45RA+
CXCR5+
Bcl6+ PD1+ . .
nTfr Pre-Tfr auto-antigen FoxP3+ IL10 ICOS+ follicles in S'éo' around None
Blimp1+ CD45RA-
CD25high
CXCR5+
PD1+
anrcrgﬁ;‘nory nTfr auto-antigen FS)(:}ES?:Jr ICOS+ SLO cTfr?
CD45RA-
CD25high
Bol6+ CXCR5++
iTfr Tth GC auto-antigen FoxP3+ PD1++ GC ?
CD38+

Note: GC — germinal centers, TF — transcription factors, SLO — secondary lymphoid organs, ELS — ectopic lymphoid structures.

of peripheral blood follicular T lymphocytes in various
conditions [11].

The somewhat delayed discovery of FoxP3* Tfr cells
necessitated reassessment of the earlier analysis of circulating
follicular T cells, in which all CXCR5* T cells were presumed
to be of Tfh origin. CD4* CXCR5* FoxP3* circulating Tfr cells
were first identified in murine blood shortly after immunization
[13]. Similarly, human studies have demonstrated a significant
increase in circulating Tfr frequency following vaccination [9].
These cells are now understood to represent a circulating
memory Tfr population (cTfr), capable of long-term persistence
in vivo and potential recruitment into SLO upon rechallenge. The
important role of Tfr in immune response regulation warrants
significant attention to their abundance in peripheral blood. A
key predictive parameter is believed to be the cTfr/cTth ratio,
which has been shown in some studies to be more predictive of
dysregulated antibody responses than either subset alone [14].

More in-depth analysis of circulating Tfr has now revealed
that a significant fraction of CD4*CXCR5*FoxP3* cells in the
blood are CD45RA* cells that formed in SLOs in response to
immunological challenge but represent an intermediate, not
fully differentiated form of Tfr. Referred to as "pre-Tir," these
long-lived, recirculating cells can, upon stimulation, mature into

potent regulators of B cell responses and also acquire some
capacity for wound repair [9]. In addition to these pre-Tfr, more
mature “effector-like” CD45RA"CD4*CXCR5*FoxP3* cTfr cells
are found in peripheral blood (Figure, Table).

One of the recent studies has separately assessed these
Tfr subpopulations in the peripheral blood of COVID-19
patients. This was achieved using high-dimensional mass
cytometry (CyTOF), which enabled the simultaneous analysis
of multiple immune cell types in patient samples. The approach
revealed extensive correlative networks between various
cellular parameters, including the negative associations
between cTfr levels and populations such as plasma cells or
Tph cells [10]. Collectively, accumulating evidence supports
the establishment of multiparametric signatures describing the
diversity of follicular T cells in the blood, which have prognostic
value and are indicative of specific dysfunctions in B cell and
antibody responses. Initially, generating such signatures will
require data from single-cell transcriptomics/proteomics,
potentially combined with CyTOF. This could later be adapted
into a reduced panel for flow cytometry analysis.

While increasing resolution of analysis of follicular T cells
in peripheral blood deepens our understanding of ongoing
disease processes, the portrait of circulating Tfr cells remains
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incomplete. The recent identification of iTfr cells, which arise
in SLOs from Tfh cells and help contract GC responses,
raises important questions. Does this foreign antigen-specific
Tfr subset enter the circulation? If this is the case, how can
we differentiate between iTfr, which suppress foreign antigen/
pathogen-driven B-cell responses, and nTfr (of nTreg origin),
which are biased toward autoantigen recognition and control of
autoreactive B-cell responses? We propose that future studies
should explicitly investigate the presence of iTfr in human blood
and define a molecular signature to distinguish circulating iTfr
from their nTfr counterparts. Furthermore, research is needed
to determine the stability of the Treg phenotype in iTfr cells.
Another key question is whether circulating Tfr cells retain
a molecular imprint of their tissue of origin or a homing bias
toward specific organs. Tissue-resident Tregs have been
shown to acquire specialized receptor profiles that guide their
localization [15]. Profiling the chemokine receptor and adhesion
molecule signatures imprinted during Tir differentiation in SLO
could reveal their site of formation and predict their preferred
tissue destinations. Such insight would further clarify Tfr
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CONCLUSION

To summarize, within the past decade, significant progress has
been made in dissecting various types of follicular T cells, their
development, function, and association with humoral responses
to pathogens, allergies, and various autoimmune diseases.
However, despite accumulated knowledge, it is evident that
intensive research is required to develop a phenotypic and
functional profile of human peripheral blood follicular T cells and
their interactions with other immune cell types. In particular,
two key questions remain unresolved: defining the molecular
signatures of various Tfr cell subpopulations in blood that
originate from different precursor cells, and elucidating their
tissue of origin. It is anticipated that the development of such
cellular biomarker signatures could improve the prediction of
immune status and enable personalized therapy selection for
each patient.
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