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Abstract

Background: Transplant vasculopathy (TV) is the most challenging threat during organ transplanta-
tion. The pathological induction of TV results from vascular endothelial cell injury. This study estab-
lished the in vitro model of TV and investigated the attenuating effect of triptolide (TPL) on TV through 
multiple in vitro and in vivo assays.

Methods: The inflammation model was established by stimulating rat vascular endothelial cells 
with lipopolysaccharides (LPS). Rat vascular endothelial cells were isolated, cultured, and character-
ized as CD31-positive. For in vivo assays, Wistar and Sprague–Dawley rats were divided into S-S, W-S 
and W-S-TPL groups. The transplanted arteries were harvested at 1,4, and 8 weeks post-operation.

Results: After LPS treatment, the cell viability was significantly reduced, and the IL-1β and TNF-α 
levels were significantly elevated, indicating that the LPS-induced in vitro inflammation model was 
successfully constructed. Nevertheless, the changes in the expression of inflammatory factors and vas-
cular adhesion molecules, as well as the p-p65 levels, which were triggered by LPS, were significantly 
mitigated upon the stimulation of TPL. Results from rat models showed that intimal thickening was 
observed in the W-S group and significantly reduced in the TPL-treated group a week after transplanta-
tion. Consistent with the in vitro data, VCAM-1, ICAM-1, p-p38, and p-p65 expression was significantly 
attenuated in the TPL-treated group compared with the W-S group. 

Conclusions: This work confirmed that TPL may alleviate the progression of allograft vasculopathy 
and reduce the inflammation process by inhibiting the phosphorylation of p65 and p38, which are the 
key protein of the NF-κB and MAPK pathway, respectively.
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Introduction

Organ transplantation is widely applied in clinical practice. 
Due to the accelerated improvement of surgical techniques and 
the effective application of immunosuppressive agents, the suc-
cess rate of organ transplantation has been greatly enhanced 
[1]. However, these measures failed to effectively improve the 
status of long-term graft survival. Therefore, prolonging the sur-
vival time of transplanted organs remains difficult to address in 
the field of organ transplantation. Loss of graft function due to 
chronic rejection is a major cause of organ transplant failure in 
clinical practice [2]. Long-term follow-up clinical data suggested 

that transplant vasculopathy (TV) occurs in approximately 90% 
of allografts [3]. TV is a severe vascular intimal proliferative le-
sion that may affect the entire length of the graft, leading to late 
arterial stenosis, occlusion, and ultimately graft ischemia and 
transplantation failure [4].

The occurrence of TV results from various pathophysiologi-
cal mechanisms. Not only non-immune factors such as organ 
preservation, ischemia-reperfusion injury, infection and donor 
hypertension, age, and sex matching are involved in TV, but 
immune factors such as antibody and cell-mediated immune 
rejection, donor-specific antibody production, and inflamma-
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tory cytokines produced by innate immune cells such as macro-
phages are also related to the development of TV [3,5]. These 
factors are interrelated, and eventually lead to the initiation of 
TV. Moreover, TV has similar clinical pathological changes to 
most common cardiovascular diseases in clinical practice, such 
as atherosclerosis and vascular restenosis after surgical treat-
ment, which were mainly manifested as perivascular inflamma-
tory cell infiltration, smooth muscle cell proliferation, vascular 
intimal thickening, neointima formation, and finally causing 
graft stenosis or even vascular occlusion [6]. However, unique 
pathological characteristics were indicated during the develop-
ment of TV. Unlike atherosclerotic lesions, which present local 
eccentric uneven distribution as its pathological characteristic, 
TV lesions are characterized by diffused involvement of the en-
tire length of the graft [7]. Since the existence of the aforemen-
tioned multiple biological factors for the development of TV, ef-
fective strategies for simultaneously controlling those signaling 
pathways have not been elucidated.

In recent years, the clinical significance of traditional Chinese 
medicine (TCM) has been underlined by domestic and foreign 
researchers, especially in the field of anti-transplant immune 
rejection. Because of their pharmacological and biological ef-
fects, many traditional Chinese medicines have been applied in 
clinical practice. Tripterygium wilfordii Hook F is a common me-
dicinal herb in TCM, and its efficacy in the treatment of inflam-
matory and autoimmune diseases was confirmed after long-
term research [8]. The main component of T. wilfordii Hook F 
is triptolide (TPL), a diterpene lactone widely identified in the 
said herb. Results from a mouse xenograft model have shown 
that TPL attenuates the survival of pancreatic tumor cells [9]. 
Other studies have shown that TPL has immunosuppressive ef-
fects and can significantly prolong organ postoperative survival 
[10]. Given the broad immunosuppressive and antiproliferative 
effects mediated by TPL, we used in vitro assays and in vivo rat 
aortic transplantation models to assess the effect of TPL on at-
tenuating TV and unveiled the underlying molecular mecha-
nisms.

Materials and methods

Cell culture and treatment: Primary vascular endothelial 
cells isolated from Sprague–Dawley (SD) rats were purchased 
from Xiamen Immocell Biotechnology Co.,Ltd. (Xiamen), and 
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) con-
taining 10% fetal bovine serum (FBS) and 100 U/mL penicillin 
and 100 μg/mL streptomycin at 37°C with 5% CO2. Cells were 
seeded 24 h before exposure to various concentrations of lipo-
polysaccharide (LPS; 1, 5, 10, and 20 μg/mL) and TPL (0, 5, 10, 
20, and 30 nmol/L) for 2 h.

ELISA: The expression of interleukin-1β (IL-1β) and tumor 
necrosis factor α (TNF-α) was determined by an ELISA kit (Krish-
gen Biosystems, USA) following the manufacturer’s instructions.

MTT assay: For the MTT assay, 2×103 rat aortic epidermal 
cells were plated in 96-well plates and kept in the incubator 
overnight for attachment. The medium was substituted with 
fresh ones without FBS, and cells were pretreated with differ-
ent concentrations of LPS and TPL for 2 h prior to treatment 
with 150 μmol/L H2O2 overnight. Afterwards, 20 μL of MTT 
(3[4,5-dimethylthiazol-2-yl]-2,5- diphenyl-tetrazolium bromide) 
dissolved in PBS solution was added to each well, and the cells 
were cultured at 37°C for another 4 h. Subsequently, 200 μL of 
dimethyl sulfoxide (DMSO) was added to each well to release 
the colored formazan in viable cells. Finally, the absorbance was 

measured at 570 nm using a microplate reader. 

Flow cytometry: Rat aortic endothelial cells (1×106 cells) 
were plated in 6-well plates and incubated for 24 h in various 
doses of LPS and TPL, after which FITC labeled Annexin V (200 
µg/mL) and propidium iodide (30 µg/mL; A211-02, Vazyme) 
were added to cells and kept at room temperature for 10 min. 
Subsequently, the fluorescent signals indicating the apoptotic 
cell percentage were quantified using the NovoCyte flow cy-
tometer.

Animal and treatment: Healthy male adult and clean grade 
Wistar and SD rats (between 120 g and 150 g) (Shanghai SLAC 
Laboratory Animal Co., Ltd.) were used as donors. SD rats (250–
300 g) were used as recipients (Shanghai SLAC Laboratory Ani-
mal Co., Ltd). Abdominal aortic transplantation was performed 
following a previously described procedure [11]. The 10-15 mm 
infrarenal abdominal aortic segments of donors were isolated, 
excised, and replaced with the recipients’ infrarenal abdominal 
aortic segments by end-to-end anastomosis using 12-0 mono-
filament nylon sutures (Shanghai Pudong Jinhuan Medical Sup-
plies Co. Ltd., No. 20192650812) under an operating micro-
scope. All procedures were performed under methoxyflurane 
inhalation anesthesia (Shanghai Second Pharmaceutical Fac-
tory, No. 910610). Technical success was defined as no graft oc-
clusion within 10 days post-transplantation. The success rate of 
graft was more than 90%.

In this study the rats were subdivided into three groups: SD 
rats as both donors and recipients (S-S), Wistar rats as donors 
and SD rats as recipients (W-S), and TPL treatment after vascular 
graft (W-S-TPL). After transplantation, in the W-S-TPL group, TPL 
(0.5 mg/kg) was subcutaneously injected every other day until 
the endpoint of the experiment (8 weeks post-transplantation). 
The W-S group received an equal amount of saline subcutane-
ously. No extra immunosuppressive drugs were utilized in any 
group. Grafts were harvested at 8 weeks under anesthesia. Tis-
sues were sectioned at 4 µm thickness, and then deparaffinized 
and rehydrated. 

Immunohistochemistry: After the sections were deparaf-
finized and rehydrated, they were incubated with antibodies 
against VCAM-1(CAT: ab174279, 1:2,000, Abcam, Shanghai, 
China) and ICAM-1 (CAT: ab109361, 1:1,500, Abcam, Shanghai, 
China) at 4°C overnight. Then, the samples were incubated with 
anti-rabbit IgG/horse radish peroxidase (HRP) for 1 h at 37OC. 
The average optical density (AOD) representing the expression 
of VCAM-1, ICAM-1, and p-p65 was quantified by ImageJ soft-
ware.

Ethics statement: All animal experiments were conducted in 
strict compliance with the Ministry of Animal Experiments and 
approved by the ethics committee of the Academy of Integra-
tive Medicine, Fujian University of Traditional Chinese Medi-
cine. The animals were housed under specific pathogen-free 
conditions at the Key Laboratory of Integrative Medicine of Fu-
jian Province University, Fujian University of Traditional Chinese 
Medicine and were handled by trained personnel in accordance 
with the Guide for the Care and Use of Laboratory Animals (Na-
tional Institutes of Health publication no. 80-23, revised 1996). 

Western blotting: Cells were lysed using the RIPA buffer and 
total protein concentrations were determined using a bicincho-
ninic acid assay kit (Thermo Fisher Scientific). Equal amounts of 
lysates were separated by 10% SDS-PAGE gels. Then, the pro-
teins were transferred onto a polyvinylidene difluoride mem-
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brane at 4°C for 2 h. The blots were then blocked by incubating 
them with 5% non-fat milk dissolved in tris-buffered saline with 
Tween 20 (TBST) buffer for 1 h. Afterwards, the membranes 
were incubated with the corresponding first antibodies at 4°C 
for 16 h, washed three times with TBST, and incubated with HRP 
anti-rabbit IgG (H+L) (CAT: SA00001-2, 1:10,000, Proteintech, 
Wuhan, China) at room temperature for 2 h. Subsequently, the 
blots were washed thrice, and the signals were captured by a 
Chemiluminescent Detection kit (Thermo Fisher Scientific). Anti-
bodies were listed as follows: VCAM-1 (CAT: ab174279, 1:2,000, 
Abcam, Shanghai, China), ICAM-1 (CAT: ab109361, 1:1,500, Ab-
cam, Shanghai, China), p-p65 (CAT: ab76302, 1:1,000, Abcam, 
Shanghai, China), p65 (CAT: 10745-1-AP, 1:2,000, Proteintech, 
Wuhan, China), p-p38 (CAT: 28796-1-AP, 1:2,000, Proteintech), 
p38 (CAT: 14064-1-AP, 1:2,000, Proteintech), beta actin (CAT: 
20536-1-AP, 1:2,000, Proteintech), and GAPDH (CAT: 10494-1-
AP, 1:3,000, Proteintech, Wuhan, China).

Quantitative real-time PCR (RT-qPCR)

Total RNA was extracted from the cells using the Total RNA 
Extraction kit (Vazyme). Next, the cDNA was synthesized using a 
HiScript II 1st Strand cDNA Synthesis Kit (Vazyme), following the 
manufacturer’s instructions. Subsequently, the ChamQ SYBR 
qPCR Master Mix (Vazyme) was utilized for the real time PCR 
on an iQ5 Real-Time PCR Detection System (Bio-Rad). Triplicates 
were included in all groups. The qPCR primer pairs used were 
as follows:

18S rRNA forward primer: 5′-AGGCGCGCAAATTACCCAATCC-3′, 
18S rRNA reverse primer: 5′-GCCCTCCAATTGTTCCTCGTTA-
AG-3′; VCAM-1 forward primer: 5′-TGATGTTCAAGGAAGAGA-3′, 
VCAM-1 reverse primer: 5′-TGGCAGGTATTATTAAGGA-3′; ICAM-
1 forward primer: 5′-CAAGAAGATAGCCAACCAATGTG-3′, ICAM-1 
reverse primer: 5′-GGAGTCCAGTACACGGTGA-3′.

Association of TPL with biological signaling pathways and 
disease

The chemical constituents of TPL were screened in TCMSP 
and ETCM databases, and the target genes of rejection disease 
after heart transplantation were searched through DisGeNET 
and Drugbank databases. Among them, TPL contains 61 active 
ingredients, 180 drug genes, and a total of 8782 disease target 
genes. There are 21 intersection genes between TPL and rejec-
tion after heart transplantation. The David database was used 
to predict 145 KEGG pathways. Cytoscape 3.2.1 software was 
used to predict the TOP10 core intersection genes ranked by 
Degree value.

Statistical analysis: Data was analyzed on SPSS version 20.0, 
and all parametric data were expressed as mean ± standard de-
viation. Statistical significance was set at p<0.05. All the com-
parisons between two groups were performed using the Stu-
dent’s t-test.

Results

Characterization of an in vitro inflammation model by treat-
ing aortic endothelial cells with LPS: To establish an LPS-trig-
gered inflammation model, we started by isolating the rat aortic 
endothelial cells from SD rats via collagenase digestion. The ex-
tracted cells were then imaged using a differential interference 
contrast microscope (Figure 1A). The morphology of isolated 
endothelial cells was homogenous. To determine the cells at 
the molecular level, the aortic endothelial cells were stained 
with anti-CD31 antibodies. Subsequently, the expression of cell 

surface antigen was analyzed by flow cytometry, and isotype 
antibody was used as a control. The results from flow cytometry 
analysis indicated that CD31, the marker for endothelial cells, 
but not the isotype control, was highly expressed on the cell 
surface of these cells, confirming that the cells were endothe-
lial cells (Figure 1B). Next, we tried various concentrations of 
LPS to construct an in vitro cellular inflammation model. The 
MTT assay showed that the increasing LPS concentrations sig-
nificantly decreased the viability of endothelial cells (Figure 1C). 
Moreover, the viability of endothelial cell was inhibited by ap-
proximately 50% at 10 μg/mL LPS stimulation, and this concen-
tration was selected for the following experiments (Figure 1C). 
Furthermore, the expression of proinflammatory cytokines in 
endothelial cells was quantified by ELISA. We found that the lev-
els of inflammatory cytokines IL-1β and TNF-α were dramatical-
ly increased upon the treatment of LPS (p<0.0001). Collectively, 
our results revealed that high-quality rat aortic endothelial cells 
were isolated, and an in vitro inflammation model was success-
fully constructed.

TPL inhibits apoptosis and reduces the levels of inflamma-
tory factors: To investigate the suppressive effects of TPL on the 
LPS-induced inflammatory response in aortic endothelial cells, 
different concentrations of TPL were used to treat cells. We ob-
served that TPL attenuated the proliferation mitigation directed 
by LPS in a dose-dependent manner (Figure 2A). TPL began to 
exert a protective effect on cells at 10 nmol/L and significantly 
increased cell viability at 30 nmol/L (Figure 2A). Thus, 30 nmol/L 
of TPL was chosen as the concentration in subsequent experi-
ments (Figure 2A). In addition, flow cytometry results showed 
that LPS induced cell death, including both early and late 
apoptosis, while TPL significantly decreased the proportion of 
apoptotic cells (Figure 2B, 2C). Moreover, the increased levels 
of inflammatory factors IL-1β and TNF-α triggered by LPS were 
dramatically reduced after TPL treatment (Figure 2D).

TPL regulates the expression of inflammation-induced en-
dothelial adhesion molecules: It is reported that during inflam-
mation, local innate cells release cytokines and vasoactive fac-
tors that induce the activation of endothelial cells by increasing 
the permeability and upregulating adhesion molecules expres-
sion (i.e., ICAM-1 and VCAM-1). The RT-qPCR results indicated 
that LPS treatment resulted in a significant elevation of ICAM-1 
and VCAM-1 in endothelial cells, while TPL clearly decreased 
the increase of these factors (Figure 3A, 3B). In addition, west-
ern blotting yielded the same results (Figure 3C). We also found 
that the reduction of adhesion molecule levels by TPL might be 
related to the reduction of the NF-κB pathway by decreasing 
the phosphorylation level of p65 (Figure 3C-F). These findings 
show that the LPS can induce adhesion molecules expression, 
which could be alleviated by TPL treatment.

TPL decreases LPS-induced neointimal thickness and the ex-
pression of VCAM-1, ICAM-1, and p-p65: Aortic transplantation 
was performed to study the effect of TPL on transplantation us-
ing an in vivo model. The intimal thickness in the W-S group 
increased dramatically after one week of vascular transplan-
tation and decreased significantly after the treatment of TPL 
sustained-release medication (Figure 4A). Immunohistochemis-
try analysis demonstrated that after vascular graft, the AOD of 
VCAM-1 and ICAM-1 was drastically increased compared with 
that of the controls (Figure 4B). However, after TPL treatment, 
the increased protein expression was significantly alleviated 
upon TPL stimulation (Figure 4B). 

TPL has the potential to regulate MAPK and NF-κB signaling 
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Figure 1: LPS induces inflammation in rat aortic endothelial cells.
A. Representative image of the rat aortic endothelial cells (scale 
bar = 100 μm).
B. Isolated cells were stained with CD31 and isotype-matched 
antibody for flow cytometry analysis. 
C. Immunohistochemical staining of endothelial cell markers CD31 
and von Willebrand factor (vWF). 
D. After rat aortic endothelial cells were incubated with different 
concentrations of LPS, the cell activity was detected by MTT assay.
E. After the cells were treated with 10 μg/mL LPS, the contents of 
IL-1β and TNF-α in the cell culture supernatant were detected by 
ELISA.
Three independent experiments were carried out and graph 
data are expressed as means ± standard deviation **p<0.01, 
****p<0.0001.

 
Figure 2: TPL ameliorates LPS-induced apoptosis and inflammatory 
factor release.
A. After aortic endothelial cells were treated with 10 μg/mL LPS 
and different concentrations of Tripterygium wilfordii (TPL), cell 
viability was measured by MTT. 
B. After cells were treated with 10 μg/mL LPS and 30 nmol/L 
Tripterygium wilfordii (TPL), analysis of apoptosis was performed 
by flow cytometry. Signals in the low right quadrant (Annexin V+/
PI-) represent early apoptotic cells, and signals in the upper right 
quadrant (Annexin V+/PI+) represent late apoptotic cells.
C. Statistics of apoptotic cells. 
D. ELISA was used to detect the expression levels of IL-1β and TNF-α.
Graph data are expressed as means ± standard deviation from 
three independent experiments. 
LPS vs. MOCK, ns, not significant, *p<0.05, **p<0.01, ***p<0.001, 
****p<0.0001. LPS vs. TPL, ## p<0.01, ### p<0.001.

 

Figure 3: Effects of TPL on the expression of endothelial adhesion 
molecules. 
Cells were treated with 10 μg/mL LPS and 30 nmol/L Tripterygium 
wilfordii (TPL).
A-B. VCAM-1 and ICAM-1 mRNA expression was detected by RT-
qPCR. 
C. The protein expression of VCAM-1, ICAM-1, and p-p65 was 
determined by Western blotting. 
D-F. The statistical results of the protein expression densitometric 
analysis. Data was expressed as mean ± standard deviation. n=3 in 
each group. DMSO vs. LPS, **p<0.01, ***p<0.001, ****p<0.0001. 
LPS vs. TPL, #p<0.05, ##p<0.01, ###p<0.001.

 

Figure 4: TPL decreases LPS-induced neointimal thickness and the 
expression of VCAM-1 and ICAM-1.
TPL was used to treat rat after vascular graft.
A. The contents of IL-1β and TNF-α in rat plasma were detected 
by ELISA.
B. Quantitative results of intimal thickness (n=5 each group, W-S 
vs. S-S, ****p<0.0001. W-S vs. W-S-TPL, ####p<0.0001). 
C. Left: Representative immunohistochemical images of aortic sec-
tions of each group (scale=200 μm). Right: Average optical density 
(AOD) of VCAM-1 and ICAM-1 analyzed by immunohistochemistry 
at 8 weeks after vascular graft (n=5 each group, ****p<0.0001).
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Figure 5: TPL has the potential to regulate MAPK and NF-κB signal-
ing pathway.
A,B. Association of TPL with biological signaling pathways and dis-
ease was analyzed using data from public databases.
C. After TPL was used to treat rat after vascular graft, western blot-
ting was used to detect P38 and P65 and their phosphorylated P38 
and P65 (p-P38 and p-P65) (n=5 each group, *p<0.05, **p<0.01, 
***p<0.001).

pathway: The association between TPL and signaling pathways 
or diseases was analyzed using data from public databases, and 
it was found that TPL may be involved in the regulation of MAPK 
signaling pathway (Figure 5A and 5B). After TPL was used to 
treat rat after vascular graft, the ratio of p-P38/P38 and p-P65/
P65 was reduced (Figure 5C). These findings revealed that TPL 
has the potential to regulate MAPK and NF-κB signaling path-
way.

Discussion

Pathological hallmarks of TV include the development of 
marked inflammation in vessel walls, neointima formation, and 
progressive luminal obstruction [12]. TV limits the function and 
long-term survival of organs and is an urgent problem to be 
solved in the field of organ transplantation [13]. In this study, 
we analyzed the role and molecular mechanism of TPL in the 
development of TV using in vitro and rat arterial transplantation 
models.

In the present research, we observed that LPS induced in-
flammation in rat vascular endothelial cells, which is indicated 
by the significantly elevated IL-1β and TNF-α expression, as well 
as inhibited cell viability. However, the TPL treatment can sig-
nificantly reduce inflammatory factor expression, increase cell 
viability, reduce the rate of apoptosis, and reduce VCAM-1, 
ICAM-1, and p-p65 expression. Cytokines also play a role in this 
related vascular remodeling, which is a complex process carried 
out by the body in response to various stimulating factors and 
microenvironment. Moreover, this process is involved in various 
cytokines and adhesion molecules [14]. IL-1β belongs to the IL-1 
family and promotes inflammatory response and angiogenesis 
[15]. Multiple pathways mediated by TNF-α may cause dysfunc-
tion of vascular endothelial cells. Among these pathways, TNF-α 
was found to bind to endothelial adhesion molecules to acti-
vate the NF-κB pathway [16]. TNF-α also activates endothelial 
cells, increases the adhesion ability of endothelial cells, and 
improves the ability of cellular vascular infiltration [17]. During 
the development of acute rejection and allograft vasculopa-

thy, endothelial cells can highly express adhesion molecules 
(ICAM-1, VCAM-1) and E/P-selectin [18]. E/P-selectin recruits 
circulating leukocytes by binding certain glycoprotein sialidase 
X on the surface of leukocytes. While ICAM-1 binds to lymphoid 
function-associated antigens and macrophage antigens on the 
surface of leukocytes, VCAM-1 is a very late antigen that binds 
to the surface of monocytes [19]. Dietrich et al. demonstrated 
that in the ICAM-1−/− transplantation model, acute rejection 
was significantly reduced, and the degree of development of 
graft vasculopathy was attenuated [20]. In our study, we found 
that LPS induced the upregulation of proinflammatory factors 
and adhesion molecules, while TPL reversed this phenomenon. 
These results suggest that TPL slows the development of TV to 
some extent.

TPL has significant anti-inflammatory, immunosuppressive, 
and antitumor effects [21]. Studies have shown that TPL can re-
duce the expression of the apoptotic gene bcl-2 and increase 
the expression of pro-apoptotic Bax expression, thereby induc-
ing cell apoptosis [22]. Hachida et al. found that TPL significantly 
reduces the atherosclerosis of vascular bridges by inhibiting the 
neointimal formation of vascular bridges in mice receiving al-
logeneic heart transplantation by decreasing the expression of 
PDGF-A [23]. Luo et al. proposed that TPL may inhibit vascular 
intimal thickening by inhibiting IFN-γ [24]. 

The results from the xenograft rat vascular transplantation 
model revealed that p-p65 and p-p38 expression was abnor-
mally increased, which was accompanied with vascular intimal 
hyperplasia and luminal narrowing, which suggested that p-p65 
and p-p38 may be involved in the occurrence and development 
of allograft vasculopathy. Thus, p-p65 and p-p38 may serve as a 
new indicator for evaluating the level of allograft vasculopathy. 
TPL also effectively alleviated the development of vascular inti-
mal lesions in allograft vasculopathy and significantly reduced 
p-p65 expression. Because phosphorylation of p65 and p38 
are critical steps in the activation of NF-κB and MAPK signaling, 
respectively, we concluded that TPL may alleviate the progres-
sion of vascular lesions in allografts by inhibiting the NF-κB and 
MAPK pathways. Studies have shown that NF-κB inhibitors have 
preventive efficacy against TV, but high-dose immunosuppres-
sive agents have great side effects on the receptor [25]. TPL can 
exert pharmacological effects on tumorigenesis, inflammation, 
immunosuppressive, renal/cardio protection, and abnormal an-
giogenesis [26]. 

This study also has some limitations. TPL has a wide range of 
effects, and the rejection of transplanted organs has not been 
specifically verified. Thus, the mechanism should be investigat-
ed further. In addition, we have not deeply explored the toxicity 
and side effects of TPL. A future study will take these points as 
the focus of exploration.

Conclusions

In conclusion, we found that TPL may have some alleviating 
effect on TV by reducing the expression of inflammatory fac-
tors and vascular adhesion molecules, suggesting that TPL may 
have important clinical value as a potential therapeutic agent 
to prevent TV and improve the long-term survival rate of grafts.
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