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Curcumin ameliorates spinal cord injury by regulating the
Treg/Th17 balance via gut microbiota

TIAN Chunping', WU Jiajun', XIAO Linfeng', WANG Qingyan', DU Jiani', HU Qianqian’,
QIANG Jingling’, CHANG Xiaowei'", YANG Yanling""

1 Yan’an Medical College, Yan’an University, Yan’an, Shaanxi, China

2 Neurosurgery Department, Yan’ an University Affiliated Hospital, Yan’an, Shaanxi, China

Abstract: [Objective] The immunoinflammatory response induced by spinal cord injury is a key
factor hindering the recovery of neurological functions. Recent studies have shown that gut
microbiota dysbiosis can participate in the immune regulation of the central nervous system
through the gut-spinal cord axis. This study aims to explore whether curcumin can exert its
protective effect on spinal cord injury by reshaping the gut microbiota and thereby regulating the
local Treg/Th17 balance in the spinal cord. [Methods] Female Sprague-Dawley rats weighing
200 —220 g were randomly assigned into the sham operation group, spinal cord injury group,
curcumin group, fecal microbiota transplantation group, fecal microbiota transplantation+
curcumin group, and fecal microbiota transplantationt+curcumint+GPR inhibitor group.
Neurological function recovery was evaluated based on the Basso-Beattie-Bresnahan motor
function score and gait analysis. Histopathological changes in the injured area were observed via
hematoxylin-eosin staining, Nissl staining, and Luxol Fast Blue staining. RT-qPCR, ELISA, and
Western blotting were employed to quantify the expression levels of key transcription factor
forkhead box protein 3 (FOXP3) for Treg cells, anti-inflammatory cytokines interleukin (IL)-10
and transforming growth factor (TGF)-PB1, as well as key transcription factor retinoic acid receptor-
related orphan receptor gamma t (RORyt) for Th17 cells and pro-inflammatory cytokines IL-17 and
IL-6 in the spinal cord of each group.[Results] Compared with the spinal cord injury group and
fecal microbiota transplantation group, the curcumin group and fecal microbiota transplantation+
curcumin group showed the most significant improvement in neurological function, specifically
manifested by significant increases in BBB motor function scores and gait coordination, along with
a marked reduction in the scope of spinal cord injury. At the molecular level, the two groups
showed significantly upregulated gene and protein levels of FOXP3, IL-10, and TGF- 1 and
significantly inhibited expression of RORyt, IL-17A, and IL-6 in the spinal cord tissue. This
suggests that after curcumin intervention in the gut microbiota, the immune balance shifted toward
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a Treg-dominated anti-inflammatory state. Notably, the aforementioned beneficial effects of
curcumin-modified gut microbiota were reversed after combined use of the GPR inhibitor.
[Conclusion] This study indicates that curcumin can act on the gut microbiota to promote the
recovery of motor function after spinal cord injury. Curcumin may exert the effect by activating the
GPR signaling pathway, thereby upregulating Treg viability, inhibiting Th17 differentiation, and
ultimately correcting the Treg/Thl7 imbalance. This provides new experimental evidence and
application value for using curcumin and its modified gut microbiota as an adjuvant therapeutic

strategy for spinal cord injury.

Keywords: curcumin; gut microbiota; short-chain fatty acids; spinal cord injury
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Figure 1

Expression patterns of Treg and Th17 cells in three rat models. In normal rats, CD4* T cells can

differentiate into Treg cells by inducing FOXP3 transcription, leading to the secretion of anti-inflammatory
cytokines such as IL-10 and TGF-B1. Alternatively, CD4* T cells can differentiate into Th17 cells by inducing
RORyt transcription, promoting the secretion of pro-inflammatory cytokines including IL-6 and IL-17A, thereby
maintaining a dynamic balance between Treg and Thl7 cells. After SCI, Th17 cell function becomes
overactivated, Treg cell function is impaired, and the Treg/Th17 balance is disrupted, resulting in increased pro-
inflammatory cytokines. FMT following curcumin intervention restores this balance in SCI rats, reducing

inflammation and promoting immune homeostasis.
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Figure 2 Grouping of animals in the experiment. This experiment consists of two parts. In the first part, 16 rats

are divided into a control group and a curcumin group, with 8 rats in each group. The control group has free

access to drinking water, while the experimental group is given intragastric administration of curcumin at a dose

of 100 mg/kg per day, and feces of the two groups are collected after 14 days. In the second part, 30 rats are

divided into 6 groups, with 5 rats in each group: The Sham group only has the lamina removed without spinal

cord contusion; The SCI group receives no drug intervention; The CUR group is directly given intragastric

administration of curcumin; The FMT group is given intragastric administration of gut microbiota from normal

feces; The FMT+CUR group is given intragastric administration of gut microbiota from curcumin-intervened

feces; The FMT+CUR+GLPG0974 group is given intragastric administration of gut microbiota from curcumin-

intervened feces and GLPG0974.
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Table 1 Primers used in this study

Primer names Primer sequences (5'—3)

Accession No. Product length/bp

B-actin F: CACTATCGGCAATGAGCGGTTC NM 031144.3 154
R: CAGCACTGTGTTGGCATAGAGG

FOXP3 F: AGAGAGGCAGAGGACACTCAATG NM 001108250.2 104
R: GGTTGTGGCGGATGGCATTC

IL-10 F: CCCTGGGAGAGAAGCTGAAGAC NM 012854.2 96
R: TCACCTGCTCCACTGCCTTG

TGF-p1 F: GACCGCAACAACGCAATCTATGAC NM 021578.2 94
R: CTGGCACTGCTTCCCGAATGTC

RORyt F: ACCACCCTCTTCTCACGGG XM 017591313.3 190
R: CTTCCATTGCTCCTGCTTTC

IL-17A F: CCTGATGCTGTTGCTGCTACTG NM 001106897.1 84
R: GCGTTTGGACACACTGAACTTTG

IL-6 F: GTTTCTCTCCGCAAGAGACTTC NM 012589.2 96
R: TCTCCTCTCCGGACTTGTGAA
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Figure 3  Therapeutic effects of curcumin-modulated FMT in a SCI rat model. A: BBB scores of rats in each
group at different time points ['P<0.05, “P<0.01, SCI group vs. FMT group; ns: No significant difference;
"P<0.05, "P<0.01, *P<0.001, SCI group vs. CUR group; "P<0.05, "P<0.01, ""P<0.01, SCI group vs. FMT+
CUR group (mean+SD, n=5)]; B: Representative footprint analysis of rats at 28 days after SCI [Blue: Forepaw
prints; Red: Hindpaw prints (mean+SD, n=5)]; C: Qualitative analysis of hindpaw footprint length [(mean+SD,
n=5); "P<0.05, ""P<0.01, """ P<0.001, SCI group vs. other groups]; D: Hematoxylin-eosin (HE) staining, Nissl
staining, and Luxol fast blue (LFB) staining of spinal cord sections at 28 days after SCI; E: Statistical analysis of
HE staining [(mean+SD, n=5); p<0.01, " P<0.001,
analysis of Nissl staining [(mean£SD, n=5); "P<0.05, ~P<0.01, “"P<0.001, SCI group vs. other groups];
G: Statistical analysis of LFB staining [(mean+SD, n=5); "P<0.05, ~P<0.01, ~"P<0.001, SCI group vs. other

groups].

stk

P<0.000 1, Sham group vs. other groups]; F: Statistical
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Figure 4 Effects of curcumin-modulated FMT on Treg and Th17 cell-associated markers in spinal cord tissues.
A: Statistical chart of the RNA-level expression of FOXP3, a transcription factor related to Treg cells, in rat
spinal cord tissues detected by RT-qPCR; B: Statistical chart of the RNA-level expression of IL-10, an
inflammatory factor related to Treg cells, in rat spinal cord tissues detected by RT-qPCR; C: Statistical chart of
the RNA-level expression of TGF-B1, an inflammatory factor related to Treg cells, in rat spinal cord tissues
detected by RT-qPCR; D: Statistical chart of the RNA-level expression of RORyt, a transcription factor related to
Th17 cells, in rat spinal cord tissues detected by RT-qPCR; E: Statistical chart of the RNA-level expression of
IL-17A, an inflammatory factor related to Th17 cells, in rat spinal cord tissues detected by RT-qPCR; F:
Statistical chart of the RNA-level expression of IL-6, an inflammatory factor related to Th17 cells, in rat spinal
cord tissues detected by RT-qPCR; G: Statistical chart of the protein-level expression of IL-10 in rat spinal cord
tissue homogenates detected by ELISA; H: Statistical chart of the protein-level expression of IL-17A in rat spinal
cord tissue homogenates detected by ELISA; I: Statistical chart of the protein-level expression of IL-6 in rat
spinal cord tissue homogenates detected by ELISA; J: Analysis of the changes in protein expression levels of
TGF-B1, FOXP3 and RORyt in rat spinal cord tissues detected by Western blotting; K: Statistical analysis chart of
the protein-level expression of RORYt in rat spinal cord tissues; L: Statistical analysis chart of the protein-level
expression of FOXP3 in rat spinal cord tissues; M: Statistical analysis chart of the protein-level expression of
TGF-B1 in rat spinal cord tissues. All data are presented as mean+SD (n=3). "P<0.05, ~P<0.01, = P<0.001 in
other groups vs. SCI group.

http://journals.im.ac.cn/actamicrocn



2426 TIAN Chunping et al. | Acta Microbiologica Sinica, 2026, 66(5)
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Figure 5 Original Western blotting images. A: Original RORyt image corresponding to Figure 4J; B: Original
FOXP3 image corresponding to Figure 4J; C: Original TGF-f1 image corresponding to Figure 4J; D: Original
RORyt image corresponding to Figure 6B; E: Original FOXP3 image corresponding to Figure 6B; F: Original
TGF-B1 image corresponding to Figure 6B.
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Figure 6 Curcumin regulates Treg/Th17 cell differentiation via modulation of the gut microbiota. A: Statistical
graphs of the protein expression levels of IL-10, IL-17A, and IL-6 in rat spinal cord tissue homogenates detected by
ELISA; B: Analysis of the changes in protein expression levels of TGF-B1, FOXP3, and RORyt in rat spinal cord
tissues; C: Statistical analysis chart of the protein-levels expression of RORyt, FOXP3, and TGF-f1 in rat spinal
cord tissues. All data are presented as mean+SD (n=3). "P<0.05, “P<0.01, ""P<0.001 in other groups vs. SCI group.
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