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Are BCL6 and EZH2 novel therapeutic targets for systemic lupus
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As a chronic systemic autoimmune disease, systemic lupus
erythematosus (SLE) can inﬂuence multiple organs and systems.
Although the pathological basis and risk factors for SLE have been
extensively investigated, the exact pathogenesis of SLE remains to
be explored. However, there is increasing evidence that T-cell−Bcell interactions promote the development of SLE, resulting in the
generation of high-afﬁnity antibodies [1]. Tfh cells, a subgroup of
T cells, can promote the formation of germinal centers, the
maturation of B cells, and the differentiation of plasma cells [2]. It
has been found that multiple transcription factors (TFs) can
regulate the generation of Tfh cells. For instance, B-cell
lymphoma-6 (BCL-6), an evolutionarily conserved zinc-ﬁnger
protein, is an important positive transcription factor responsible
for the differentiation and maturation of Tfh cells. In addition to
maintaining the phenotype and GC response of Tfh cells, BCL-6
can also regulate the dynamics of T-cell−B-cell interactions and
improve the efﬁciency of delivering help to B cells [3].
Our previous study investigated the role of BCL-6 in CD4+
T cells in SLE and was published in Cellular & Molecular
Immunology [4]. Overall, we provided supporting evidence that
BCL-6 is a novel factor participating in the pathogenesis of lupus
by epigenetically suppressing miR-142-3p/5p expression with the
help of EZH2 in CD4+ T cells. BCL-6 attaches to the promoter
region of miR-142 in CD4+ T cells in lupus and recruits EZH2 and
HDAC5, which leads to the upregulation of H3K27me3 and the
downregulation of H3K9/K14ac, respectively. Consequently, transcription of miR-142 is epigenetically inhibited, and miR-142-3p/5p
expression in CD4+ T cells in SLE is reduced, which upregulates
the expression of CD40L, ICOS and CD84, increases the production
of IL-10 and IL-21, and promotes IgG production by B cells.
As BCL-6, IL-21, CD40L and ICOS are all critical regulators
involved in the differentiation and maturation of Tfh cells, these
ﬁndings are helpful for understanding the role that Tfh cells play
in lupus. These important data also provide a novel way to
therapeutically target BCL-6 and/or certain genes in relevant
pathways. Some lupus drugs may inhibit autoantibody production
by modulating BCL-6 expression in CD4+ T cells. A recent study
demonstrated that erythropoietin reduced the expression of BCL6 in CD4+ T cells via a STAT5-dependent mechanism, which
directly prevented Tfh cell differentiation and function in vitro and
in vivo [5]. Some researchers observed that after treatment with
dexamethasone, the IL-21 and BCL-6 expression of CD4+ T cells
was signiﬁcantly suppressed, the proportion of Tfh cells was

markedly decreased, and the proportion of Tfh cells was positively
correlated with the level of autoantibodies in both Balb/c mice
and MRL/lpr mice [6]. Moreover, the importance of the interaction
between BCL-6 and IL-21 in Tfh cell differentiation and autoantibody production should not be ignored, especially in lupus and
some autoimmune diseases. We demonstrated that the overexpression of BCL-6 in CD4+ T cells in lupus decreased the
expression of miR-142-3p/5p, and inhibition of miR-142-3P/5P,
and led to increased expression of IL-21 [4]. Huang et al. reported
that a subpopulation of CD4+CXCR5hiPD-1hiBCL-6+ circulating Tfh
cells, rather than a population of CD4+CXCR5hiPD-1hi cells, was
positively correlated with SLEDAI and anti-dsDNA antibody levels
in the cTfh subpopulation of SLE patients. Furthermore, elevated
production of IL-21 can greatly upregulate the transcription levels
of BCL-6 by enriching TET2 on the promoter of BCL-6 in CD4+
T cells in SLE [7]. Ricard et al. found that patients with systemic
sclerosis presented an activated Tfh cell phenotype, with
upregulated expression of BCL-6, which contributed to an increase
in the production of IL-21 [8]. A more recent study on gene
expression conﬁrmed the upregulated expression of BCL-6 and
genes regulated by BCL-6 in CD4+ T cells in granulomatosis with
polyangiitis. When CD4+ T cells in granulomatosis with polyangiitis were activated in vitro, BCL-6 expression was sustained,
and Tfh cell differentiation resulted in signiﬁcant increases in IL-21
and IL-6 production [9]. All this evidence suggests that the positive
feedback loop regulating BCL-6-IL-21 may be important for the
differentiation and maturation of Tfh cells. Moreover, Tfh cells play
a signiﬁcant role in the occurrence of SLE, so we can conclude that
the positive feedback loop regulation of BCL-6-IL-21 may promote
Tfh cell differentiation and function in CD4 + T cells in lupus and
prompt the interaction of T cells and B cells, resulting in
overproduction of self-reactive antibodies and thus promoting
the occurrence and development of SLE. Based on the above
ﬁndings, BCL-6 may be a biological therapeutic target with high
speciﬁcity for lupus.
It has been identiﬁed that epigenetic mechanisms are
involved in BCL-6 regulation. Previous studies have reported
that DNA methylation, histone modiﬁcation and miRNAs all
take part in the upstream and downstream regulation of BCL-6.
EZH2, which is the central component of polycomb-repressive
complex 2 (PRC2), participates in cell survival, differentiation,
migration, proliferation, etc. EZH2 is a chromatin-modifying
enzyme that can promote the methylation of histone H3 at
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Fig. 1 The roles of BCL-6 and EZH2 in CD4+ T cells. BCL-6 can inhibit miR-142-3p/5p expression by recruiting EZH2 and HDAC5 to the miR142 promoter, which results in the upregulation of H3K27me3 and the downregulation of H3K9/K14ac, and inhibition of miR-142-3P/5P
increases IL-21 production. IL-21 upregulates the transcription levels of BCL-6 by increasing TET2 levels in the promoter of BCL-6. E4BP4 or
UHRF1 increase H3K27me3 levels in the promoter of BCL-6 by recruiting EZH2. After EZH2 phosphorylation at Ser21, EZH2 can be recruited by
TCF1 to directly activate BCL-6 transcription

lysine 27 and has been predominantly studied for its role in
various epigenetic modiﬁcations. A new mechanism revealed
by us indicates that BCL-6 recruits EZH2 to the promoter of
miR-142 in CD4 + T cells in lupus to increase the expression of
miR-142-3p/5p [4]. A recent study in BioFactors conﬁrmed the
cooperation of BCL-6 and EZH2. The researchers found that
BCL-6 increased the H3K27me3 level in the miR-34a promoter
via EZH2 recruitment in cardiomyocytes, which inhibited the
apoptosis of myocardial cells [10]. Given the effect of the
cooperation of BCL-6 and EZH2 on miR-142-3p/5p expression
in CD4+ T cells in lupus, we wondered whether EZH2 could be
a therapeutic target for lupus treatment. Another study by our
team proved that UHRF1 downregulation leads to decreased
DNA methylation and H3K27me3 levels in the BCL-6 gene
promoter region, promoting Tfh cell differentiation in SLE; this
effect is probably a result of the interaction of UHRF1 with
DNMT1 and EZH2, which forms a regulatory complex of gene
promoters [11]. E4BP4 led to a decreased H3 acetylation level
but also to an increased H3K27me3 level in the BCL-6 gene
promoter region by recruiting the repressive epigenetic
modiﬁers HDAC1 and EZH2. E4BP4 deﬁciency in CD4+ T cells
in lupus resulted in overexpression of BCL-6, which promoted
Tfh cell differentiation and function and exacerbated pristaneinduced lupus-like diseases [12]. This ﬁnding indicates that
EZH2 may cooperate with other transcription factors to
regulate BCL-6 expression in CD4+ T cells in lupus. Studies
on other diseases have shown similar ﬁndings. H3K27me3
modiﬁcation by EZH2 is an important factor that positively
affects BCL-6 expression, which modulates the differentiation
of early Tfh cells during acute viral infection [13]. Moreover,
EZH2 makes regulates BCL-6 expression in various ways in
addition to changing the level of H3K27me3 in the BCL-6 gene
promoter. Most EZH2 bound to areas of the BCL-6 promoter in
Tfh cells is associated with H3K27ac, and fewer gene loci
include H3K27me3 modiﬁcations conferred by EZH2. After
EZH2 phosphorylation at Ser21, EZH2 can be recruited by TCF1
to directly activate BCL-6 transcription [14]. Generally, BCL-6
can cooperate with EZH2 to regulate the transcription of
downstream genes by regulating H3K27me3 levels, while the
cooperation of EZH2 with other transcription factors can not

only regulate the transcription of BCL-6 by regulating
H3K27me3 levels but also directly activate the transcription
of BCL-6. Although research has indicated that, compared with
healthy controls, CD4+ T cells in lupus have increased
expression of EZH2 [15], the biological effects of EZH2
depended more on EZH2 protein modiﬁcation and the
interaction of EZH2 with other functional proteins than on
the EZH2 expression level in cells. Therefore, EZH2 may not be
suitable as a target for SLE treatment. Of course, more research
should be carried out in this area.
In conclusion, the results of existing studies have improved our
understanding of the novel pathogenic roles of BCL-6 and EZH2 in
SLE (Fig. 1). Nevertheless, the study of regulatory networks
involving BCL-6 and EZH2 in lupus remains a major challenge at
the genome level. By elucidating the functions and interactions of
these genes, it will be possible to further determine how Tfh cells
stimulate the production of self-reactive antibodies by B cells,
which could help clarify the molecular pathophysiology of SLE and
even provide targeted therapeutic strategies for lupus and other
autoimmune diseases.
REFERENCES
1. Alsén S, Cervin J, Deng Y, Szeponik L, Wenzel UA, Karlsson J, et al. Antigenpresenting B cells program the efferent lymph T helper cell response. Front
Immunol. 2022;13:813203.
2. Choi J, Crotty S. Bcl6-mediated transcriptional regulation of follicular helper
T cells (TFH). Trends Immunol. 2021;42:336–49.
3. Liu D, Yan J, Sun J, Liu B, Ma W, Li Y, et al. BCL6 controls contact-dependent help
delivery during follicular T-B cell interactions. Immunity. 2021;54:2245–55.
4. Ding S, Zhang Q, Luo S, Gao L, Huang J, Lu J, et al. BCL-6 suppresses miR-142-3p/
5p expression in SLE CD4(+) T cells by modulating histone methylation and
acetylation of the miR-142 promoter. Cell Mol Immunol. 2020;17:474–82.
5. Guglielmo C, Bin S, Cantarelli C, Hartzell S, Angeletti A, Donadei C, et al. Erythropoietin reduces auto- and alloantibodies by inhibiting T follicular helper cell
differentiation. J Am Soc Nephrol. 2021;32:2542–60.
6. Shen C, Xue X, Zhang X, Wu L, Duan X, Su C. Dexamethasone reduces autoantibody levels in MRL/lpr mice by inhibiting Tfh cell responses. J Cell Mol Med.
2021;25:8329–37.
7. Huang X, Wu H, Qiu H, Yang H, Deng Y, Zhao M, et al. The expression of Bcl-6 in
circulating follicular helper-like T cells positively correlates with the disease
activity in systemic lupus erythematosus. Clin Immunol. 2016;173:161–70.

Cellular & Molecular Immunology (2022) 19:863 – 865

S. Ding et al.

865
8. Ricard L, Jachiet V, Malard F, Ye Y, Stocker N, Riviere S, et al. Circulating follicular
helper T cells are increased in systemic sclerosis and promote plasmablast differentiation through the IL-21 pathway which can be inhibited by ruxolitinib. Ann
Rheum Dis. 2019;78:539–50.
9. Kim S, Boehme L, Nel L, Casian A, Sangle S, Nova-Lamperti E, et al. Defective
STAT5 activation and aberrant expression of BCL6 in naive CD4 T cells enhances
follicular Th cell-like differentiation in patients with granulomatosis with polyangiitis. J Immunol. 2022;208:807–18.
10. Lin JM, Hsu CH, Chen JC, Kao SH, Lin YC. BCL-6 promotes the methylation of miR34a by recruiting EZH2 and upregulating CTRP9 to protect ischemic myocardial
injury. Biofactors. 2021;47:386–402.
11. Liu L, Hu L, Yang L, Jia S, Du P, Min X, et al. UHRF1 downregulation promotes T
follicular helper cell differentiation by increasing BCL6 expression in SLE. Clin
Epigenet. 2021;13:31.
12. Wang Z, Zhao M, Yin J, Liu L, Hu L, Huang Y, et al. E4BP4-mediated inhibition of T
follicular helper cell differentiation is compromised in autoimmune diseases. J
Clin Investig. 2020;130:3717–33.
13. Chen X, Cao G, Wu J, Wang X, Pan Z, Gao J, et al. The histone methyltransferase
EZH2 primes the early differentiation of follicular helper T cells during acute viral
infection. Cell Mol Immunol. 2020;17:247–60.
14. Li F, Zeng Z, Xing S, Gullicksrud JA, Shan Q, Choi J, et al. Ezh2 programs TFH
differentiation by integrating phosphorylation-dependent activation of Bcl6 and
polycomb-dependent repression of p19Arf. Nat Commun. 2018;9:5452.
15. Zheng X, Tsou PS, Sawalha AH. Increased expression of EZH2 is mediated by
higher glycolysis and mTORC1 activation in lupus CD4(+) T cells. Immunometabolism. 2020;2:e200013.

ACKNOWLEDGEMENTS
This work was supported by grants from the National Natural Science Foundation of
China (Nos. 81830097, 81972921), the Nonproﬁt Central Research Institute Fund of
Chinese Academy of Medical Sciences (2021-RC320-001, 2020-RC320-003), the Hunan
Provincial Natural Science Foundation of China (No. 2020JJ5849), the Wisdom

Cellular & Molecular Immunology (2022) 19:863 – 865

Accumulation and Talent Cultivation Project of the Third Xiangya Hospital of Central
South University (No. YX202101), and Fundamental Research Funds for the Central
Universities of Central South University (No. 1053320216463).

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Qianjin Lu.
Reprints and permission information is available at http://www.nature.com/
reprints

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

