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Purpose: To investigate the therapeutic effect of Tripterygium wilfordii polyglycoside 
(TWP), a derivative from a Chinese traditional herb, on 2,4,6-trinitrobenzenesulfonic acid 
(TNBS)-induced colitis, in a model for inflammatory bowel disease (IBD) in rats.
Methods: TWP was administrated to Wistar rats during TNBS-induced colitis to determine 
its therapeutic effect on active inflammation using the Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR), flow cytometry, and Western blotting. Peripheral blood CD4+ 

T-cells were isolated from patients with ulcerative colitis (UC) and incubated with TWP to 
verify its immune regulation mechanism by qRT-PCR and flow cytometry.
Results: Intragastric administration of TWP attenuated the severity of intestinal inflamma-
tion in TNBS-induced rat colitis, characterized by decreased DAI, histopathological scores, 
and expression of IL-6, TNFα, IFNγ, and IL-17A in intestinal mucosa. Furthermore, TWP 
reduced IL-17A+CD4+ T-cells, while enhanced Foxp3+CD25+CD4+ T-cells in peripheral 
blood, mesenteric lymph nodes (MLN), and spleen in rat colitis. Downstream signaling 
including ROR-γt, STAT3, and HIF1α expression in intestinal mucosa were suppressed by 
TWP. In addition, incubation with TWP suppressed IL-17A+CD4+ T-cell differentiation, 
while it promoted Foxp3+CD25+CD4+ T-cell differentiation in CD4+ T-cells isolated from 
UC patients.
Conclusion: TWP successfully ameliorated experimental rat colitis via regulating innate 
immune responses as well as Th17/Treg balance in intestinal mucosa, peripheral blood, 
MLN, and spleen. Moreover, the differentiation of peripheral blood CD4+ T-cell isolated 
from patients with UC was modulated by TWP. TWP may act as an optional complementary 
and alternative medicine for IBD.
Keywords: inflammatory bowel disease, Tripterygium wilfordii polyglycoside, intestinal 
mucosa immunity, T helper 17 cell, regulatory T-cell

Introduction
Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative 
colitis (UC), is a chronic relapsing immune mediated disorder affecting the gastro-
intestinal tract. Increasing biological agents, eg, infliximab, vedolizumab, ustekinu-
mab, and novel therapies, eg, fecal transplantation and leukapheresis, for IBD have 
kept emerging in recent decades.1–3 Since 5-aminosalicylic acid (5-ASA) has 
already achieved great success in inducing and maintaining remission in mild-to- 
moderate UC and mild CD, limited research concentrated on seeking novel drugs 
for mildly active IBD. However, there still exists numerous patients with IBD who 
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are irresponsive or allergic to 5-ASA.4,5 Switching the 
therapeutic drugs to azathioprine (AZA) or monoclonal 
antibodies (mAbs) is not always the best choice due to 
the adverse effects of immunosuppressants and the expen-
sive cost of the biological agents, respectively.6

Tripterygium wilfordii polyglycoside (TWP, 
Leigongtengduogan Pian) is one of the functional natural 
products derived from Tripterygium wilfordii Hook. F. and 
is approved by National Medical Products Administration 
(NMPA) to be prescribed to patients with rheumatoid 
arthritis, nephrotic syndrome, ankylosing spondylitis, psor-
iasis, and systemic erythematosus lupus.7–10 The mechan-
isms of TWP suppressing immune responses are limited 
explored and remain elucidated.11,12 Tripterygium glyco-
side was proved to ameliorate experimental allergic ence-
phalomyelitis (EAE) inflammation by inhibiting NF-κB 
p65 activation, simultaneously inducing CD4+ T cell 
apoptosis.13 Multi-glycoside of Tripterygium wilfordii 
Hook. F was capable of inhibiting IL-17A producing 
Th17 cells via interrupting phosphorylation of signal trans-
ducers and activators of transcription 3 (STAT3) and 
further potentially acted as a therapeutic choice for 
psoriasis.14 Moreover, Multi-glycoside of Tripterygium 
wilfordii Hook. F could alleviate diabetic nephropathy by 
suppressing p38 mitogen-activated protein kinase (MAPK) 
activation.15 Tripterygium glycoside fraction n2 can 
attenuate dextran sodium sulfate (DSS)-induced colitis 
via inducing T-cell apoptosis.16 There even existed 
a report that TWP was superior to 5-ASA in preventing 
the postoperative recurrence of CD.17 Accordingly, 
whether TWP can induce intestinal inflammation remis-
sion in IBD is valuable to investigate.

In our study, TWP relieved 2,4,6-trinitrobenzenesulfo-
nic acid (TNBS)-induced colitis in rats, characterized by 
decreased disease activity index (DAI), reduced proinflam-
matory cytokine expression, including tumor necrosis fac-
tor (TNF) α, Interleukin (IL)−17A, IL-6, and Interferon 
(IFN) γ, and downregulated Th17, meanwhile it upregu-
lated T regulatory cell (Treg) differentiation in peripheral 
blood, spleen, and mesenteric lymph nodes (MLN). 
Furthermore, the downstream signaling research suggested 
that orphan nuclear receptor γt (ROR-γt), STAT3, hypoxia- 
inducible factor 1α (HIF1α), and NF-κB p65 expression in 
intestinal mucosa were significantly suppressed by TWP 
administration. Additionally, ex vivo data indicated that 
TWP could directly inhibit Th17 while promoting Treg 
differentiation isolated from patients with active UC. The 

results provided us a beam of hope that TWP would 
function as an optional therapeutic medicine for IBD.

Materials and Methods
Subjects
Patients diagnosed with active ulcerative colitis (n=3) were 
enrolled in the Gastroenterology Department in Shanghai 
Tenth people’s hospital of Tongji University. Five to 
10 mL of peripheral vein blood was collected for further 
experiments. All participants signed informed consent prior 
to recruitment. All of the procedures and experiments were 
approved by the Human Ethics committee of Shanghai 
Tenth people’s hospital (No.: SHSY-IEC-4.1/19-203/01), 
which was in accordance with the Declaration of Helsinki.

Rats
Wistar rats weighing from 180–200 g were purchased from 
Shanghai SLAC Laboratory animal Co., Ltd. Colitis was 
induced as previously described.18 Briefly, rats (n=20) were 
divided into four groups: 50% Ethanol, TNBS, TNBS+TWP, 
and TNBS+5-ASA. Firstly, 100 mg/kg TNBS (Sigma- 
Aldrich, St Louis, MO, USA) was dissolved in 50% ethanol 
and intrarectally administrated at day 0. Double distilled 
water, TWP, or 5-ASA was given intragastrically to the 
rats daily, respectively. Rats were sacrificed at day 14 and 
peripheral blood, MLN, spleen, and colonic mucosa were 
collected. The disease activity index (DAI) was assessed and 
recorded daily including diarrhea, bloody stool, and weight 
change (Supplementary Table 1). The colonic mucosa was 
analyzed by H&E staining, and the histological score of each 
rat was assessed. The standards of histological score are 
shown in Supplementary Table 2. All of the experiments 
were performed three times repeatedly. All of the surgical 
procedures and experiments were approved by the Animal 
Ethics committee of Tongji University (No.: SYXK- 
Shanghai-2014-0026), which was in accordance with 
Laboratory animal Guidelines for ethical review of animal 
welfare (GB/T 35892-2018).

Reagents
TWP (Leigongtengduogan Pian, Z52020369, Han Fan 
pharmaceutical, Guizhou, China) was dissolved in 
Dimethyl sulfoxide (DMSO) for ex vivo experiments, 
while 25 mgTWP was dissolved in 4 mL double distilled 
water for rat in vivo experiments.
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Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
The total RNA was isolated with TRIzol reagent (Ambion, 
Thermo Fisher, Germany). The concentration and purity 
were measured with a NanoVue spectrophotometer (GE 
Healthcare, Germany). The cDNA was synthesized by 
PrimeScriptTM RT reagent Kit (Applied Biological 
Materials, Richmond, BC, Canada) and performed by ABI 
applied biosystem (Thermo Fisher). PCR conditions were as 
follows: 25°C for 10 minutes, 42°C for 15 minutes, and 85° 
C for 5 minutes. qRT-PCR was performed according to 
SYBR green (TaKaRa, Dalian, China) instructions and 
determined by LightCycler® 96 (Roche, Switzerland). RT- 
PCR reaction conditions were as follows: 95°C for 5 seconds 
and 60°C for 34 seconds repeated for 40 cycles. All of the 
primers were synthesized by Shenggong (Shanghai, China) 
and β-actin served as a housekeeping gene. Primers for 
TNFα, IL-17A, IL-6, and IFNγ are listed in Supplementary 
Table 3. The data were statistically analyzed by 2−ΔΔCt.

Immunohistochemistry Staining
The intestinal mucosa was freshly collected from rats. 
The tissue was fixed with 10% paraformaldehyde for 24 
hours, wrapped with paraffin, and sliced into 5 μm thick 
sections. The sections were deparaffinated and rehy-
drated with dimethylbenzene and gradient ethanol, 
respectively. Antigen retrieval was performed with 
pH=6 sodium citrate buffer. 3% H2O2 was used to 
block endogenous peroxidase. Blocking nonspecific anti-
bodies with 5% bovine serum albumin (BSA) for 30 
minutes at 37°C, the sections were incubated with 
mouse anti-rat primary antibodies, eg, IL-17A, IFNγ, 
TNFα, IL-6 (Abcam, Cambridge, UK), or control IgG 
at 4°C overnight. The sections were then incubated with 
HRP-conjugated anti-mouse IgG (Dako, Agilent, USA) 
at 37°C for 30 minutes. Finally, the sections were 
stained with diaminobenzidine (DAB) and haematoxylin 
and assessed with a microscope.

Flow Cytometry
The 1×106/mL isolated cells were suspended in the flow 
cytometry solution buffer (FACS buffer). Cell surface 
primary antibodies were stained at 4°C for 30 minutes. 
The cells were fixed and punched with fixation and 
perforation mixed buffer (BD, eBioscience, San Diego, 
CA, USA) at 4°C for 30 minutes. Intracellular primary 
antibodies were stained at 4°C for 30 minutes. The cell 

subtypes were determined by BD LSR II. The statistics 
were analyzed by Flow Jo 10.0 (Tree Star, Ashland, 
OR, USA).

Isolation of Cells from Peripheral Blood 
Mononuclear Cells (PBMCs), MLN, and 
Spleen in Rats
PBMCs were extracted from rats retro-orbitally. Red blood 
cells were lysed with 10% NaCl solution. MLN and spleen 
were collected and sliced into isolated cells with scissors 
and syringe. Single cells were suspended in FACS buffer 
after lysed with 10% NaCl solution and filtered. Cell 
membrane and intracellular staining were performed as 
described above.

Isolation of CD4+ T-Cells from Humans
Peripheral blood cells were collected and isolated with 
Ficoll-PaqueTM (GE healthcare, Uppsala, Sweden) as 
described previously.19 Briefly, peripheral blood (3 mL) 
diluted with sterile PBS (3 mL) was added to equal 
volume Ficoll. The tubes were vortexed for 30 minutes 
under 2,000 rpm at 20°C. PBMCs were collected and 
incubated with CD4+ microbeads for 30 minutes at 4°C. 
CD4+ T-cell clones were expanded after being stimulated 
with plate-bound anti-CD3 mAb (5 mg/mL), and anti- 
CD28 mAb (2 mg/mL, eBioscience, San Diego, CA), 
followed by being stimulated with recombined human 
(rh) TGFβ (20 ng/mL), rh IL-6 (30 ng/mL), anti-IFNγ 
(20 µg/mL), and anti-IL-4 (20 µg/mL) with PBS or TWP 
(1.25 mg/mL) for 72 hours. Differentiated CD4+ T-cells 
were collected for qRT-PCR. CD4+ T-cells were stimu-
lated with mentioned cocktails for 5 days followed by 
being stimulated with PMA (50 ng/mL, Sigma-Aldrich, 
St Louis, MO, USA), ionomycin (750 ng/mL, Sigma- 
Aldrich), and Brefeldin A (3  μg/mL, eBioscience) for 5 
hours. Differentiated CD4+ T-cells were collected for cell 
membrane and intracellular staining, eg, CD25, IFNγ, IL- 
17A, and FOXP3 for flow cytometer analysis.

Western Blotting Analysis
The whole intestinal tissue was lysed with PMSF and the 
whole protein levels were determined with BCA kit 
(Beyotime Biotechnology, Shanghai, China). Protein sam-
ples were separated with SDS-PAGE and transferred to 
a PVDF (Amresco, Sigma-Aldrich, St Louis, MO) mem-
brane via electroblotting. The membranes were blocked 
with 10% non-fat milk for 1 hour at 4°C. Subsequently, the 
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membranes were incubated with primary antibodies, eg, 
ROR-γt, STAT3, HIF1α, and NF-κB p65. Company and 
CAS ID of each antibody mentioned above are listed in 
Supplementary Table 4.

Results
TWP Significantly Ameliorates 
TNBS-Induced Colitis in Rats
To investigate whether Tripterygium wilfordii polyglyco-
side (TWP) administration is protective in treating IBD, 
a TNBS-induced colitis model was applied. 3% TNBS was 
given rectally to the rats while 50% ethanol served as 
control. Double distilled water (TNBS group), TWP 
(TWP group) and 5-ASA (5-ASA group) were intragas-
trically given to the rats daily for 2 weeks. Characteristics 
including weight loss, diarrhea, and bloody stool were 

graded and a disease activity index (DAI) were recorded. 
DAI of the TWP group was significantly reduced com-
pared with the TNBS group, and comparable with the 
5-ASA group (Figure 1A). The length of the colon from 
the TWP group and 5-ASA group were longer than that 
from the TNBS group (Figure 1B, and Supplementary 
Figure 1). The histopathological analysis revealed that 
TWP markedly relieved neutrophil and mononuclear cell 
infiltration and submucosa edema. The intestinal mucosal 
ulcers were deeply restored by TWP and 5-ASA (Figure 
1C). The characteristics, including degree of mucosal 
inflammatory lymphocyte infiltration, crypt damage, the 
involved percentages of mucosal ulcer, and the thickness 
of the submucosa were assessed and scored. TWP and 
5-ASA indeed alleviated rat colitis, illustrated by the 
decreased histological score (Figure 1D). The results 
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Figure 1 TWP ameliorates TNBS-induced colitis in rats. (A) Wistar rats (n=5 per group) were treated with 50% ethanol, TNBS (100 mg/kg), TNBS+TWP (50 mg/kg), and 
TNBS+5-ASA (40 mg/kg), respectively, for 14 days. Disease activity index (DAI) including diarrhea, bloody stool, and weight loss were assessed on day 14. (B) Rats were 
sacrificed on day 14 and the length of colon was measured. (C) H&E staining analysis of the colon mucosa was performed to compare the severity of the inflammation in 
each group. (D) The histopathological scores of the different groups. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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show that neutrophils and mononuclear cells in intestinal 
mucosa were reduced by TWP. Whether TWP regulated 
the inflammatory mediators produced by those pro- 
inflammatory immune cells was worthwhile to investigate. 
Figure 2A shows that the mRNA level of TNFα and IFNγ 

in colonic mucosa was reduced by TWP. The protein level 
of IFNγ, IL-6, IL-17A, and TNFα in colonic mucosa was 
suppressed by TWP (Figure 2B, C and Supplementary 
Figure 2). These data indicate that pro-inflammatory cyto-
kines were significantly downregulated by TWP.
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Figure 2 TWP suppresses intestinal mucosal pro-inflammatory mediator production in rats. (A) Colon tissues were collected from the control group, TNBS group, TNBS 
+TWP group, and TNBS+5-ASA group. mRNA expression of IL-6, IL-17A, IFNγ, and TNFα was measured by qRT-PCR. Statistically analysis was using 2−ΔΔCt. (B and C) 
Western blotting analysis of protein level of IL-6, IL-17A, IFNγ, and TNFα in colon. Gene and protein expression were normalized to β-actin. *p<0.05, **p<0.01, ***p<0.001. 
****p<0.0001. 
Abbreviation: ns, no significance.
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Taken together, our data suggest that TWP as well as 
5-ASA could alleviate TNBS-induced colitis in rats char-
acterized by decreased DAI, longer colon length, fewer 
pro-inflammatory cell infiltrations, and down-regulated 
pathogenic cytokine expression in intestinal mucosa.

TWP Regulates Th17/Treg Balance in 
TNBS-Induced Colitis in Rats
Since we had already found that Tripterygium wilfordii poly-
glycoside (TWP) could relieve colitis in rats probably via 
inhibiting pro-inflammatory mediator production, we sought 
to determine the cytokine producers. Given that IFNγ- 
producing Th1 cells and IL-17A-producing Th17 cells are 
important in the pathogenesis of IBD,20 the phenotypes of 
CD4+ T-cells in rats were analyzed. Peripheral blood, spleen, 
and MLN cells were isolated from rats and immune cell types 
were detected by flow cytometer. The data indicated that the 
percentages of IL-17A+ Th17 cells and IFNγ+ Th1 cells were 
decreased while Foxp3+CD25+ Treg cells were elevated in 
CD4+ T-cells isolated from peripheral blood and spleen in 
rats treated with TWP. TWP slightly reduced the percentages 
of IL-17A+CD4+ Th17 cells but did not impact on 
Foxp3+CD25+CD4+ Treg cells and IFNγ+CD4+ Th1 cells 
in MLN (Figures 3A–C and 4).

Collectively, these data suggested that TWP probably 
relieved the intestinal mucosal inflammation mainly via 
inhibiting Th17 differentiation while had limited influence 
on Th1 and Treg expansion in TNBS-induced rat colitis.

Identification of Downstream Effectors of 
TWP in Inflamed Intestinal Mucosa
Multiple transcription factors including STAT3, interferon 
regulatory factor 4 (IRF4), ROR-γt, and aryl hydrocarbon 
receptor (AHR) have been proved to be vital in maintaining 
the balance between Th17 and Treg cells.21 To investigate 
the downstream signaling effectors of TWP regulating 
Th17/Treg during colitis, we collected inflamed colonic 
mucosa from rats treated with or without TWP and deter-
mine the protein level of STAT3, HIF1α, NF-κB p65, and 
ROR-γt. As shown in Figure 5A and B, the expression of 
transcriptional factors mentioned above were decreased in 
inflamed intestinal mucosa from rats treated with TWP or 
5-ASA, compared with that from rats treated with water.

Accordingly, the data provided us a hint that TWP 
probably down-regulated intestinal NF-κB p65, STAT3, 
HIF1α, and ROR-γt to inhibit Th17 cell whilst promoting 

Treg differentiation. Nevertheless, the direct target of the 
therapeutic drug is to be elucidated in the future.

TWP Regulates Th17/Treg Differentiation 
in Patients with UC
To confirm the ability of TWP regulating Th17/Treg bal-
ance in IBD patients, ex vivo experiments were performed. 
Peripheral blood mononuclear cells were isolated from 
patients with active moderate UC, and stimulated with 
anti-CD3, anti-CD28, rh TGFβ, rh IL-6, anti-IFNγ, and 
anti-IL-4 in the presence or absence with TWP. 
Proliferated and differentiated CD4+ T-cells were collected 
and analyzed by flow cytometry. The results suggested that 
the percentages of IL-17A+CD4+ Th17 cells were up- 
regulated while that of Foxp3+CD25+CD4+ Treg cells 
were down-regulated by TWP (Figure 6A). Consistent 
with the differentiated cell subtypes, mRNA level of tran-
script factors including RORC and STAT3 expression 
were increased whereas Foxp3 expression was decreased 
by TWP (Figure 6B).

In summary, these data suggested that TWP simulta-
neously shaped the balance of Th17 and Treg in patients 
with UC via regulating RORC, STAT3, and Foxp3 
expression.

Discussion
Multiple Chinese traditional medicine is proved to be effec-
tive for autoimmune disease, and the mechanisms of them in 
resolving inflammation flare remain elucidated.22–24 TWP 
was proved to be effective in relieving DSS-induced colitis 
by suppressing pro-inflammatory mediator production and 
modulating luminal microbiota.25–27 In our study, we found 
that TWP successfully reduced elevated amounts of proin-
flammatory cytokines, eg, IL-6, TNFα, IFNγ, and IL-17A, 
prevented colon shortening, and relieved histologic inflam-
mation in intestinal mucosa. Furthermore, Th17 cell differ-
entiation was weakened, whereas Treg differentiation was 
enhanced in peripheral blood, MLN, and spleen from rats 
treated with TWP. TWP administration inhibited Th17 cell 
differentiation by suppressing RORC and STAT3 expression 
while promoting Treg cell differentiation by enhancing 
Foxp3 expression in CD4+ T-cells isolated from peripheral 
blood of patients with active UC.

Multiple factors contribute to the pathogenesis of IBD, 
eg, susceptible genes, environmental triggers, luminal 
microbiota, and aberrant immune responses.28 Aggressive 
responses of intestinal CD4+ T-cells traditionally are 
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Figure 3 TWP suppresses Th17 cell while promotes Treg differentiation in peripheral blood, MLN, and spleen from rats during colitis. Cells were isolated from peripheral 
blood (A), MLN (B), and spleen (C) and the percentages of IL17A+ T-cells and Foxp3+ CD25+ T-cells in CD4+ T-cells were analyzed by flow cytometry. *p<0.05, **p<0.01, 
***p<0.001, ****p<0.0001. 
Abbreviations: ns, no significance; MLN, mesenteric lymph nodes.

Journal of Inflammation Research 2021:14                                                                                 submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1249

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


considered to be vital in immune processes for that Th1 
and Th2 cells were found to be raised in the intestinal 
lamina propria (LPL) from the patients with CD and UC, 
respectively.20 Critically, Th17 cell and Treg cell balance 

is found to be similarly important in maintaining intestinal 
homeostasis and regulating inflammatory immune 
responses.20 Th17 cells are proved to protect the host 
from extracellular pathogens by releasing IL-17A, 
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IL-17F, IL-22, and IL-21 during intestinal homeostasis. In 
contrast, Th17 cells are detrimental in exaggerating 
inflame flare by secreting IL-17A and IL-17F during 
intestinal inflammation.29–31 In line with that triptolide 
could reduce splenic IL-17A-producing CD4+ T-cells in 
an imiquimod-induced murine psoriasis model, we found 
that TWP showed a similar effect on CD4+ T-cells from 

spleen, MLN, and peripheral blood in the TNBS-induced 
rat colitis model.14 Nevertheless, TWP did not affect sple-
nic Foxp3+CD25+CD4+ T-cells in a psoriasis murine 
model, while our study suggested that Treg cells were 
also enriched in spleens from the TWP group.14 The dis-
crepancy might result from the different immune response 
process between psoriasis and IBD. Consistent with the 
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augmented Th17 cell pool in the intestinal mucosa in the 
TWP group, our data also indicated that the protein level 
of IL-17A was increased whereas the mRNA level of that 
was comparable between the TWP group and TNBS 
group. The results suggested that TWP suppressed IL- 
17A probably via reducing protein production other than 
regulating mRNA level. TWP might interrupt the IL-17A 
mRNA translation or promote degradation of IL-17A pro-
tein. Further research about the direct target of TWP is 
worthwhile to investigate.

Subsequently, we sought to screen the potential down-
stream signaling factors that regulate Th17/Treg balance. 
Th17 cells differentiation from naïve CD4+ T-cells can be 
divided into three transcriptional phases including induction 

(early phase), onset of phenotype and amplification (intermedi-
ate phase), and stabilization of IL-23 signaling (late phase), 
each of which is controlled by different regulatory networks.21 

TGFβ induces naïve CD4+ T-cells to differentiate into Th17 
cells and Treg cells. The presence of IL-6, IL-1β, and IL-23 
inhibits Treg, whereas drives Th17 differentiation ex vivo.32 

IL-6/IL-6R/JAK2/STAT3 signaling pathway activation is 
involved in the early phase of Th17 differentiation.33,34 Our 
data indicated that IL-6 expression was increased in intestinal 
mucosa from TNBS-induced colitis in rats, and TWP dimin-
ished both mRNA and protein expression of IL-6 though less 
significantly than 5-ASA. Accordingly, STAT3 expression in 
intestine from rats and PBMCs derived from patients was also 
suppressed by TWP. These results suggested that TWP might 
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suppress Th17 differentiation via inhibiting IL-6 mediated the 
IL-6R/JAK2/STAT3 signaling pathway in CD4+ T-cells. We 
did not explore the IL-6 producers for previous reports have 
found triptolide has inhibited polarization of IL-6-producing 
M1 macrophages in intestinal mucosa during DSS-induced 
colitis.25 We presumed that TWP might modify macrophage 
polarization in TNBS-induced colitis as well. Further investi-
gation needs to be performed to confirm this hypothesis. 
ROR-γt triggers Th17 cells to transit to the intermediate 
phase.21 Inhibition of IL-17A worsens the severity of disease 
in Crohn’s disease but blockade of ROR-γt activation can 
restore Citrobacter rodentium-induced colitis by inhibiting 
Th17 cell differentiation.35–37 Thus, we investigated whether 
ROR-γt expression was modulated by TWP. Correspondently, 
TWP indeed suppressed ROR-γt expression in the intestine 
from rats as well as RORC in PBMCs derived from patients. 
These results provided evidence that TWP impacted on the 
intermediate phase of Th17 differentiation. Moreover, HIF1α 
acts as a metabolic sensor which can react to the hypoxia, can 
bind to Foxp3 in naïve CD4+ T-cells, which further attenuate 
Treg development.38 In accordance with the report, our date 
indicated that TWP reduced HIF1α expression in the intestine. 
Collectively, these data suggested that TWP might influence 
the intestinal Th17/Treg balance via regulating a series of 
transcriptional factors including STAT3, ROR-γt, and HIF1α. 
However, the critical transcriptional factors that TWP directly 
targeted is underlying explored.

Pathogenic IFNγ production is related to Th1 expan-
sion in inflamed mucosa from IBD.39 Repressing IFNγ and 
IL-4 is crucial for Th17 cell transit to the late phase.21 

Therefore, it cannot be ignored to seek the function of 
TWP on IFNγ-producing Th1 differentiation during coli-
tis. Our data showed that TWP generated lower levels of 
IFNγ responses in intestine and reduced the percentages of 
Th1 cells in peripheral blood and spleen. However, no 
difference of the Th1 cells was observed between the 
TNBS group and TWP group in draining MLN. 
Considering that macrophages can secrete IFNγ during 
inflammation and triptolide can modify macrophage 
polarization,25,40 we speculated that TWP might modulate 
macrophages rather than Th1 cell function in intestinal 
mucosa during colitis. Natural killer cells and innate lym-
phoid cells can generate IFNγ,40 hence we cannot rule out 
that TWP functions on those innate immune cells during 
colitis. Since we have planned to mainly focus on the 
mechanisms of TWP modulating CD4+ T-cells, how 
TWP regulates other innate immune cells is limitedly 
investigated in this study.

As mentioned above, the existence of aberrant innate 
immune response has crucial implications for the patho-
genesis of IBD. Aggressive production of pro- 
inflammatory cytokines including IL-1β, IL-6, IL-8, and 
TNFα contributes to the mucosal inflame set-off and 
expansion simultaneously.41 Given that inhibition of 
TNFα with infliximab exhibits effective therapeutic func-
tion on patients with IBD, we sought to figure out whether 
TWP regulated intestinal TNFα. Our data indicated that 
TWP constrained both mRNA and protein level of TNFα 
in intestinal mucosa during colitis, probably via interrupt-
ing intracellular NF-κB signaling pathway activation.

Accumulative evidences have proved that Tripterygium 
wilfordii Hook. F. and its derivates can alleviate colitis via 
shaping macrophage polarization, reducing pro-inflammatory 
mediators, inducing T-cell apoptosis, and modulating gut 
microbiota composition.16,25–27 Our study provided evidence 
that TWP could also modulate Th17 as well as Treg differ-
entiation via regulating innate immune responses as well as 
transcriptional factors that controlled the balance between 
Th17 and Treg. Particularly, our study found that TWP 
could directly polarize CD4+ T-cells derived from patients 
with IBD, and the mechanism research revealed an important 
roles of transcription factors in the differentiation process, 
which was consistent with the results from rats.

Conclusion
TWP mainly regulated intestinal innate immune response 
via reducing TNFα and IL-6 production, which further 
influenced adaptive immunity via shaping Th17 and Treg 
differentiation balance, attributing to resolution of TNBS- 
induced colitis in rats. STAT3, HIF1α, and ROR-γt mediated 
pathogenic Th17 cell differentiation was suppressed while 
protective Treg cell differentiation was promoted by TWP. 
Ex vivo experiment data from isolated cells from patients 
with active UC demonstrated that TWP also directly sup-
pressed Th17 while promoting Treg differentiation via mod-
ifying transcriptional factors, eg, RORC, STAT3, and 
FOXP3. These data suggested that TWP might act as an 
optional complementary and alternative medicine for 
patients with mild-to-moderate UC and mild CD, especially 
for those who are irresponsive or allergic to 5-ASA.
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