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[Abstract] T helper cells (Th cells) play an important role in periodontitis. During the progression of periodontitis,
the levels of pro-inflammatory cytokines such as INF-vy and IL.-17, which are produced by Th1 and Th17 cells, are ele-
vated, while the levels of anti-inflammatory cytokines such as 1L-4 and TGF-f, which are secreted by Th2 cells and reg-

ulatory T cells (Tregs), are diminished. Interventions using mesenchymal stem cells (MSCs) or their exosomes can alter
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the dynamics of helper T cell populations and their associated cytokine profiles, thereby mitigating the bone loss associ-
ated with periodontitis or even promoting bone regeneration. Mesenchymal stem cell-derived exosomes (MSC-exos) have
been shown to directly modulate Th cell activity through the proteins and microRNAs they transport. Recent studies in-
dicate that MSC-exos carry immune-suppressive protein molecules: PD-L1 and IDO contribute to regulating the balance
between Th17 and Tregs; TGF- inhibits the proliferation of T lymphocytes while facilitating differentiation into Tregs
by sustaining forkhead box protein O3 (FOXP3) and Smad expression; and CD73 catalyzes the conversion of monophos-
phate adenosine into adenosine, which interacts with A2A receptors on Th1 cells to induce apoptosis in Th1 cells. In ad-
dition, microRNAs exhibit immunoregulatory functions: periodontal ligament stem cell-derived exosomes contain miRNA
-155-5p, which targets sirtuin-1 to suppress Th17 cell differentiation. Furthermore, evidence in rat models of periodonti-
tis suggests that these exosomes may also carry miR-205-5p targeting XBP1 to restore the balance between Th17 and
Tregs. Dental pulp stem cell-derived exosomes reestablish this balance via the miR-1246/Nfat5 axis. Bone marrow mes-
enchymal stem cell-derived exosomes harbor miR-1246, which targets ACE2 to promote differentiation towards Tregs.
Moreover, MSC-exos can indirectly enhance the differentiation of Tregs through interactions with other immune entities,
such as antigen-presenting cells or macrophages. This article reviews the changes and roles of helper T cells in peri-
odontitis, as well as the regulatory role of exosomes on helper T cells, hoping to provide new ideas for immunotherapy in
the treatment of periodontitis.
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B Tregs IL-10 F1 TGF-B 9 £E fi , DT R A/ B
FRR PR HA IR ALY, Th17-
Treg 411 il - £ 34 15 2F JAl RANKL/H £ 4" % (osteo-
protegerin, OPG ) % 32 35 , M TTT 52 M) A J&] - Q8
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Periodontitis

AlveolarBone

The IL-23R on the membrane surface of Th17 cells binds to IL-
23 secreted by antigen-presenting cells, promotes the secretion of
cytokines such as IL-17 and GM-CSF, which aggravates alveolar
bone destruction. Stimulated by bacterial pathogens, INF-vy lev-
els in the gingiva increase, promoting Th1 cell differentiation and
further production of INF - y. CSF: colony - stimulating factor.
APC: antigen-presenting cells. M: macrophages. Ne: neutrophils.
GM-CSF: granulocyte-macrophage. IFN-+y:interferon--y

Figure 1 Th1 cells and Th17 cells aggravate periodontal

tissue destruction
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noid - related orphan receptor gamma t, RORvyt) FlI

STAT3 2357, i 4 36 AL 1 CD4 BH 14 T ik 2
20 1L 151) Tregs J3- 44, 0 15) Th17 46 0\ Th1 20 A2 53
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MSC-exos T AL P 5 A9 THP-1 4 g 7] DL S Tregs 43
FB577 . FE CD4 BHAE T bk & 40 i 1 MSC-exos 335 77
A o A W A R T AR T T 20 T Ak I
3 R FOXP3 [ 2235 5 35 59 I Tregs 19 EL 4514
BEIR 2 41 JE (dendritic cells, DCs) & — 2K P17
S A B, B A R S Ok L L RV 1 DCs T R 45
CD4 BHM: T bk B 40 A, fi2 9 Th17 4B 20k, 5 2 il
IR E, H MSC-exos 5 DCs 5% 35 ] I i
B 2 i 32 B 2€ 20 9 (tolerogenic dendritic cells,
tolDCs ) , tolDCs WU XF T 41 Jifd A5 41 il 4 FH , 5E % - 1A
Tregs /K1), Zhang 2557/ 2% 21| MSC-exos Ab # 5
) CD11C+F APCs i35 CD4 BH P T bk B 40 i, fiE
W5 4 Ho A Ak K Tregs . It , MSC-exos A LA 38 11
s Tl 7 92 400 ] 22 o3 A0 5l B T 400 LK

. (1) MSC-exos are equipped with various pro-
teins that are exert direct regulatory effects
on Th cells. (2) The miRNAs contained

—. @ within MSC - exos have the capacity to di-
. rectly modulate Th cells. (3) MSC-exos indi-

=>

rectly influence Th cells through interac-
—.e tions with APCs and macrophages. MSC:

mesenchymal stem cell. MSC -exos: mesen-

= _. @ chymal stem cell - derived exosomes. miR-
NAs: microRNAs. APC: antigen - presenting

cells. M: macrophages. Th cells: T helper

cells. XBP1: X-box binding protein 1. Nfat5: nuclear factor of activated T cells 5. ACE2: angiotensin-converting enzyme 2. PD-L1: programmed

cell death 1 ligand 1. TGF-B: transforming growth factor-3

Figure 2 Regulation of T helper cells by MSC-exos
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