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Abstract. The aim of the present study was to investigate 
the therapeutic effects of Tong‑fu‑li‑fei (TFL) decoction on 
sepsis‑induced injury to the intestinal mucosal barrier and the 
underlying mechanism. Cecal ligation and puncture (CLP) 
was used to establish a sepsis model in rats. The post‑surgery 
death of the rats was recorded to calculate the survival rate. 
A 4‑kD fluorescein isothiocyanate (FITC)‑dextran assay was 
used to evaluate the intestinal permeability of the rats. The 
pathological state of the intestine tissues was detected by 
hematoxylin and eosin staining and the ultrastructural changes 
in the endometrium were evaluated by transmission electron 
microscopy. Enzyme‑linked immunosorbent assay was used to 
determine the concentrations of interleukin (IL)‑6 and tumor 
necrosis factor (TNF)‑α in the intestinal tissues and cells. The 
expression levels of SHP‑2 and PI3K were detected by reverse 
transcription‑quantitative PCR and western blotting. Sorting 
by flow cytometry was used to obtain pure dendritic cells 
(DC), CD8+ T cells and natural killer cells. Western blotting 
was used to evaluate the expression levels of phosphorylated 
(p)‑AKT and AKT. The results demonstrated that the signifi‑
cantly decreased survival rate caused by CLP surgery was 
elevated by glutamine (Gln) and TFL treatment. Intestinal 
permeability was increased by CLP, and greatly suppressed by 
Gln or TFL treatment. Histopathological changes in the intes‑
tinal tissues, such as thinner barrier and atrophied mucosa, and 
ultrastructure changes such as sharply decreased microvilli 
and mitochondria dropsy, were observed on sepsis animals; 

these effects were ameliorated by the introduction of Gln or 
TFL. The upregulation of SHP‑2, PI3K and p‑AKT induced 
by CLP was reversed by TFL. The release of IL‑6 and TNF‑α 
was elevated and the expression of SHP‑2, PI3K and p‑AKT 
was suppressed in the co‑cultural system of DC cells and 
CD8+ T cells by TFL. Overall, TFL decoction may attenuate 
immunosuppression to protect intestinal mucosal barrier in 
sepsis via inhibiting the programmed death1/programmed cell 
death ligand 1 signal pathway.

Introduction

Sepsis is a type of disease derived from systemic immune 
response to infection, which results in the death of 210,000 
people annually in America as one of the main factors that 
contribute to the death of critically sick patients  (1). The 
mortality of sepsis is ~30‑70% (2). Currently, no effective 
therapeutic method is available to decrease the mortality of 
sepsis clinically. Therefore, it is of great significance to explore 
the detailed pathological mechanism of sepsis to provide novel 
therapeutic methods for the treatment of clinical sepsis.

A series of immune reactions can be induced by sepsis, 
which change as the time goes on (3). It is recently reported 
that pro‑inflammatory reaction and anti‑inflammatory reac‑
tion occur simultaneously under sepsis pathological state, 
with overactive immune response as the primary character‑
istic. According to the clinical data, most patients survived 
at the stage of overactive immune response, rather than at 
the stage of immunosuppression, which is manifested as 
a tardy response to antigen and incapable of eliminating 
secondary infection induced by primary infection (4). It is 
widely reported that apoptosis plays an important role in the 
immunosuppression response. Severe apoptosis was found on 
lymphocytes, parenchymatous cells and vascular endothelial 
cells isolated from sepsis animal models (5), which induce 
significant immunosuppression clinically and make patients 
more susceptible to the infection by pathogenic bacteria such 
as pseudomonas aeruginosa and candida. Apart from apop‑
tosis, the dysfunction of monocytes also plays a significant 
role in immunosuppression. In the primary immune response 
post bacterial infection, monocytes defense the body from 
infection by phagocytizing microorganisms, detecting the 
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metabolism of microorganisms, response to stimulators from 
microorganisms and producing numerous pro‑inflammatory 
factors, such as interleukin (IL)‑6 and tumor necrosis factor 
(TNF)‑α (6). Under normal physiological state, circling mono‑
cytes are recruited back to the marrow to be differentiated to 
peripheral tissues, which support the survival of macrophages 
and dendritic cells (DC). The immunosuppression induced 
by sepsis can be regulated by both the primary immune and 
secondary immune system. In addition, the acquired immu‑
nity system can be built by antigen presenting cells (APC) 
through stimulating the response of specific T cells  (7,8). 
However, under the immunosuppression state induced by 
sepsis, dysfunction of monocytes against bacterial infections 
was observed. Furthermore the antigen‑presenting ability 
of APC will be inhibited by the downregulation of human 
leukocyte antigen DR (HLA‑DR) (9,10). Therefore, regulating 
the response of monocytes to immunosuppression induced by 
sepsis is very important to explore novel therapeutic routine 
for the treatment of sepsis.

Programmed death 1 (PD‑1) was firstly found in the 
programmed dead cell lines using subtractive hybridization 
technology by Ishida et al (11), which belongs to type I trans‑
membrane glycoproteins in immunoglobulin superfamily with 
a molecular weight of 55 kDa. PD‑1 is highly expressed on 
T cells, B cells, myeloid cells and thymocytes, which regu‑
lates the immune system negatively (12). It is widely reported 
that PD‑1/programmed cell death ligand 1 (PD‑L1) signaling 
pathway is involved in immunologic tolerance in peripheral 
tissues and plays an important role in the development of 
chronic virus infection, inflammation, tumor immunity and 
autoimmune disease by mediating its downstream signal path‑
ways, such as PI3K/AKT and SHP‑2 signal pathway (13,14). 
Some progress has already been made on weakening, restricting 
or terminating the function of effective T cells by interacting 
with the PD‑1/PD‑L1 signal pathway (15). Tong‑fu‑li‑fei (TFL) 
decoction is a traditional Chinese recipe that has already been 
proved to elicit therapeutic effects on sepsis (16). However, 
the underlying mechanism remains unknown, particularly its 
effects on immunosuppression induced by sepsis. In the present 
study, the effects of Tong‑fu‑li‑fei decoction on PD‑1/PD‑L1 
axis, as well as the downstream signaling pathway, will be 
investigated to explore the potential mechanism underlying 
the therapeutic property of Tong‑fu‑li‑fei decoction on sepsis. 
Supportive pre‑clinical data will be provided by the present 
study for the clinical treatment of sepsis with Tong‑fu‑li‑fei 
decoction.

Materials and methods

Preparation of TFL decoction. TFL prescription was obtained 
from a national medical master Professor Liu Shangyi. The 
TFL prescription including 8 herbs, as shown in Table I , 
which were purchased from Sinopharm Group Tongjitang 
Pharmaceutical Co. Ltd, provided by a pharmacy from the 
First Affiliated Hospital of Guiyang College of Traditional 
Chinese Medicine. The extraction process was as follows: 
Rheum officinale, mirabilite, Magnolia officinalis, Forsythia, 
Scutellaria, almond, Bletilla striata and notoginseng (quality 
ratio of herb=2:1:1:1:1:1:1:1) were immersed in distilled water 
(1 g: 20 ml) and boiled gently for 1 h twice. The resulting 

extracts were filtered, combined, condensed into 1 g/ml (the 
content of crude drug in the decoction), and stored at 4˚C 
before use.

Animals. One‑hundred male Sprague‑Dawley rats weighing 
200‑220  g were procured from Vital River Laboratory 
Animal Co. Ltd. and group housed in polypropylene cages. 
The animal room environment was controlled (target condi‑
tions: Temperature, 20 to 26˚C; relative humidity, 30 to 70%' 
12‑h artificial light and 12‑h dark). Temperature and relative 
humidity was monitored daily. The light cycle may have been 
interrupted for facility or study‑related procedures. The rats 
were fed by standard dry rat diet and pure water. To minimize 
the animal suffering, we replaced the wood filings in the cage 
every day during the experimental procedures.

Establishment of the sepsis model by cecal ligation and punc‑
ture (CLP) in rats and treatment. The rats were anesthetized by 
an abdominal injection of 3% pentobarbital sodium (30 mg/kg). 
Surgery was performed under sterile conditions. A midline 
abdominal incision was performed and the cecum was exposed 
and the distal 1/3 was ligated with a 3‑0 silk. At the end of the 
appendix, two holes were punctured with an 18‑gauge needle. 
The cecum was then replaced in its original position within 
the abdomen, which was closed in two layers (in sham group, 
cecum was replaced). Surgery lasted for 20 min. Warm Ringer's 
lactate (50  ml/kg) with buprenorphine (0.01  mg/kg) was 
administered subcutaneously via abdominal wall. Immediately 
after the surgical operation, animals received an oral gavage of 
normal saline in the sham group (n=6) and model group (n=6), 
750 mg/kg glutamine (n=6), 7 ml/kg (n=6), 14 ml/kg (n=6), and 
28 ml/kg Tong‑fu‑li‑fei decoction (n=6), respectively.

Symptoms and signs of rats. The symptoms of the rats were 
observed postoperatively. To determine the effect of TFL on 
mortality from CLP‑induced sepsis, survival after CLP was 
assessed four times a day for at least 7 days and the cumu‑
lative survival curve was plotted using the Kaplan‑Meier 
method (17).

FD4 detection. A 4‑kD f luorescein isothiocyanate 
(FITC)‑dextran (FD4; Sigma‑Aldrich; Merck KGaA) solution 
was used for intestinal permeability measurement (18). Briefly, 
20.8 mM solution of FD4 was prepared with sterile distilled 
water using colored Eppendorf tubes to keep away from light. 
The FD4 solution was gently administered as oral gavage to 
rats in each group at 10 ml/g bodyweight. Rats were held in an 
upright position for about 10 sec to avoid regurgitation. Blood 
(0.5‑1 ml) was collected into an EDTA‑loaded vacuum tube, 
and plasma samples were separated immediately by spinning 
down in a refrigerated centrifuge (1,000 x g for 30 min at 48˚C). 
Then, plasma samples were added to a black 96‑well microplate. 
The FITC concentration was measured using a Microplate spec‑
trophotometer with an excitation wavelength of 485 nm and an 
emission wavelength of 535 nm. In addition, a serial dilution of 
FITC was prepared and used for a standard curve. The plasma 
obtained from control group was used as a negative control.

Hematoxylin and eosin (H&E) staining. After FD4 detec‑
tion, 200  mg/kg phenobarbital sodium was administered 
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intraperitoneally for euthanasia in rats. The intestinal mucosa 
tissue of each animal was collected and washed over by sterile 
water for a couple of hours. The tissue was dehydrated by 
70, 80 and 90% ethanol solution successively and mixed with 
equal quantity of ethanol and xylene. After 15‑min incubation 
at room temperature, the tissue was mixed with equal quan‑
tity of xylene for 15 min at room temperature. The step was 
repeated until the tissue looked transparent. Subsequently, 
the tissue was embedded in paraffin, sectioned (4 µm), and 
stained with H&E at room temperature for 30 min. Images 
were captured using an inverted light microscope (magnifica‑
tion, x50 and x100; Olympus Corporation). The H&E staining 
score was evaluated according to the colon mucosa damage 
index system described previously (19). Briefly, 0 point repre‑
sented no injury to the intestinal mucosa; 1 point indicated 
that the surface of the intestinal mucosa was smooth, with no 
erosion or ulceration, but with mild hyperemia and edema; 
2 points indicated that the intestinal mucosa had congestion 
and edema, and the mucosa was coarse and granular, with 
erosion or intestinal adhesion; 3 points indicated necrosis and 
ulcers appeared on the surface of intestinal mucosa, which 
also exhibited high congestion and edema (maximum longi‑
tudinal diameter of the ulcer, <1.0  cm), the intestinal wall 
surface also had necrosis and inflammation or hyperplasia of 
the intestinal wall was detected; 4 points indicated that the 
maximum longitudinal diameter of the ulcer was >1.0  cm 
with total intestinal wall necrosis more severe than that 
observed at 3 points.

Transmission electron microscope (TEM). Intestinal mucosa 
tissue was collected after the animals were euthanized and 
was fixed with 2.5% glutaraldehyde for >2 h and washed over 
by 0.1 M phosphoric acid solution for 3 times. Then, the tissues 
were fixed with 1% osmic acid for 2‑3 h and washed over by 
0.1 M phosphoric acid solution for 3 times. Ethyl alcohol 
(50, 70, 90 and 90%) and 90% acetone (v:v=1:1), 90% acetone 
were used to wash out the tissues for 15‑20 min, successively. 
Subsequently, the tissues were incubated thrice with 100% 
acetone at room temperature for 15‑20 min every time. Acetone 
(100%) and the embedding solution were used to incubate with 
the tissues for 3‑4 h. Finally, the tissues were incubated with 
embedding solution in 37˚C oven overnight, 45˚C oven for 
12 h and 60˚C oven for 48 h, successively. The solid tissues 
were cut into coronal sections (30 µm) and the slides were 
stained with 3% uranyl acetate and 3% lead citrate for 15 min 

at room temperature. Ultrastructural changes of endometrium 
were observed and photographed under transmission electron 
microscopy (JEM‑1230; magnification, x20,000).

Transfection. The pc‑DNA3.1‑PD‑1 and pc‑DNA3.1‑PD‑L1 
plasmids were designed and constructed by Genscript 
Technology. DC and CD8+ T cells were transfected 
with pc‑DNA3.1‑PD‑L1 (1.5  µg/well) combined with 
Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.) at 37˚ 
for 48 h to establish the PD‑L1 overexpressed DC and CD8+ T 
cells. These transfected cells were utilized in the subsequent 
experiments 2 days later. The pc‑DNA3.1‑NC was used as a 
negative control.

Enzyme‑linked immunosorbent assay (ELISA). According 
to the instruction of the manufacturer, the concentration of 
IL‑6 (cat.  no. RK00008; ABclonal Biotech Co., Ltd.) and 
TNF‑α (cat. nos. RK00027; ABclonal Biotech Co., Ltd.) in the 
intestine mucosa tissue of each rat or the supernatant of cells 
was determined by ELISA. Basically, the operation includes: 
Sample adding, enzyme adding, incubation, working solution 
preparing, washing, dyeing, terminating, and detecting. Linear 
regression equation was described based on the concentration 
of standards and optical density (OD) value. The concentra‑
tions of the samples were calculated according to the equation, 
detected OD value and dilution factor.

Flow cytometry. After cells were counted, 2x106 cells per 
sample were stained with Aqua Live/Dead viability dye 
(Thermo Fisher Scientific, Inc.), according to the manufac‑
turer's instructions. Cells were then incubated in blocking 
solution containing 5% normal mouse serum, 5% normal 
rat serum, and 1% FcBlock (eBioscience; Thermo Fisher 
Scientific, Inc.) in PBS at 4˚C for 1 h, and then stained with 
a standard panel of immunophenotyping antibodies (CD11c, 
1:800, cat. no. ab254183; CD80, 1:800, cat. no. ab134120; CD3, 
1:1,000, cat. no. ab16669; CD8, 1:500, cat. no. ab217344 and 
DX5, 1:200, cat. no. ab181548; Abcam) for 30 min at room 
temperature. After staining, cells were washed and fixed 
with 0.4% paraformaldehyde in PBS at 4˚C for 24 h. Data 
was acquired with a BD LSRII flow cytometer using BD 
FACSDiva software (v 8.0.3; BD Biosciences). Compensation 
was performed on the BD LSRII flow cytometer at the 
beginning of each experiment. Data were analyzed using 
Flowjo v10 (FlowJo, LLC). Cell sorting for cytospins was 

Table I. Herbs included in the Tong‑fu‑li‑fei (TFL) prescription.

Latin name	 Chinese name	 Weight of crude drug, g	 Quality ratio

Rheum officinale Baill	 Dahuang	 20	 2
Mirabilite	 Mangxiao	 10	 1
Magnolia officinalis Rehd. et Wils	 Houpo	 10	 1
Forsythia suspensa (Thunb.) Vahl	 Lianqiao	 10	 1
Scutellaria baicalensis Georgi	 Huangqin	 10	 1
Prunus armeniaca L. var. ansu Maxim	 Kuxingren	 10	 1
Bletilla striata (Thunb.) Reichb. F	 Baiji	 10	 1
Panax notoginseng (Burk.) F. H. Chen	 Sanqi	 10	 1
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performed on a BD Aria II. The collected cells were stained 
with a Jenner‑Giemsa Stain kit (ENG Scientific Inc.) at room 
temperature for 15‑30 min and examined by light microscopy 
(magnification, x40).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was collected from the intestine mucosa tissue from 
each rat or cells using an RNA Extraction kit (Takara Bio, 
Inc.) according to the manufacturer's instructions. The 
extracted RNA was quantified with a NanoDrop spectropho‑
tometer (NanoDrop Technologies; Thermo Fisher Scientific, 
Inc.). A specific RT primer was used to reverse transcribe the 
complementary DNA at 50˚C for 45 min. SYBR Premix Ex 
Taq™ (Takara Bio, Inc.) with an Applied Bio‑Rad CFX96 
Sequence Detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) was used for the PCR procedure. PCR 
was conducted according to the following conditions: 95˚C 
for 5 min, followed by 40  cycles at 95˚C for 10  sec, 60˚C for 
15 sec and 72˚C for 30  sec, and a final extension step at 72˚C 
for 5 min. The expression levels of SHP‑2, PD‑1, PD‑L1 and 
PI3K was determined by the threshold cycle (Ct), and relative 
expression levels were calculated by the 2‑ΔΔCq method (20). 
The expression level of GAPDH in the tissue was considered 
for the normalization of mRNA expression. Three indepen‑
dent assays were performed. The information of the primers 
is shown in Table II.

Western blotting. Total proteins were isolated from tissues 
or cells using the Nuclear and Cytoplasmic Protein 
Extraction kit (Beyotime Institute of Biotechnology), and 
were quantified using the BCA kit (Beyotime Institute of 
Biotechnology). Approximately 40 µg of protein was sepa‑
rated on 12% SDS‑polyacrylamide gel (SDS‑PAGE) and the 
gel was transferred to polyvinylidene difluoride (PVDF) 
membrane (EMD Millipore). The membrane was blocked 
with 5% nonfat dry milk in TBST (Tris‑buffered saline/0.1% 
Tween‑20; pH 7.4) for 1 h at room temperature. The membrane 
was then incubated at 4˚C overnight with primary rabbit 
anti‑human antibodies to PD‑1 (1:1,000; cat. no. ab243644), 
PD‑L1 (1:1,000; cat.  no.  ab205921), SHP‑2 (1:1,000; 
cat. no. ab32083), PI3K (1:1,000; cat. no. ab32089), phos‑
phorylated (p)‑AKT (1:1,000; cat. no. ab8805), AKT (1:1,000; 
cat. no. ab38449) and GAPDH (1:1,000; cat. no. ab9485) (all 
from Abcam). A horseradish peroxidase‑conjugated anti‑
body against rabbit IgG (1:5,000; cat. no. ab7090; Abcam) 
was used as a secondary antibody. Blots were incubated with 
the ECL reagents (Beyotime Institute of Biotechnology) and 
exposed to Tanon 5200‑multi to detect protein expression. 
ImageJ software 1.8.0. (National Institutes of Health) was 
used to semi‑quantify the bands. Three independent assays 
were performed.

Statistical analysis. Data are expressed as mean ± SD, with 
the exception of HE score data, which are shown as median 
and range. Statistically significant differences for continuous 
variables were determined using a one‑way analysis of vari‑
ance (ANOVA) with Tukey's test for the normally distribution 
data. All analyses were performed using GraphPad Prism 5 
software (GraphPad Software, Inc.). P<0.05 was considered to 
indicate a statistically significant difference.

Results

General symptom and survival rate of CLP‑induced rats are 
alleviated by TFL. No abnormal symptom was observed in 
animals in the sham group. Apparent pathological symptoms 
described by Wichterman et al (21) were found in CLP‑induced 
rats. Such clinical observations include listless spirit, rolled up 
body, decreased movements and decreased water intake, which 
were recorded for animals in the sepsis group at the early stage 
post‑surgery. As the time went on, the CLP rats showed low 
skin temperature, weakened muscle strength, excreted watery 
stool, yellow color, fishy smell, and developed shortness of 
breath, no resistance to passive supine and the feces were slimy 
and abundant, which were reversed significantly by the treat‑
ment of glutamine (Gln) and TFL. The data on the survival 
rate for each group was illustrated in Fig. 1A. The overall 
survival rate of animals in the sham group was maintained 

Table II. Sequences of primers for SHP‑2, PI3K and GAPDH.

Primer ID	 Sequences (5'‑3')

SHP‑2 F	 AGACCACCAGCCAAGACAAG
SHP‑2 R	 CTCCAGGTCCATCACCAAGT
PI3K F	 ACACCACGGTTTGGACTATGG
PI3K R	 GGCTACAGTAGTGGGCTTGG
GAPDH F	 CAATGACCCCTTCATTGACC
GAPDH R	 GAGAAGCTTCCCGTTCTCAG

F, forward; R, reverse.

Figure 1. General symptom and survival rate of rats induced with cecal liga‑
tion and puncture are alleviated by TFL. (A) The survival rate of each group. 
(B) The intestinal permeability (µg/ml/cm) of each rat was evaluated by a 
4‑kD fluorescein isothiocyanate‑dextran assay. **P<0.01 vs. sham; #P<0.05 
vs. sepsis; ##P<0.01 vs. sepsis. TFL, Tong‑fu‑li‑fei; Gln, glutamine.
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as 100% in the 7  days post‑surgery. However, significant 
decrease in the survival rate was observed in CLP‑induced 
rats (**P<0.01 vs. sham), which was greatly ameliorated by the 
introduction of Gln and TFL, especially for high and moderate 
dosages of TFL (#P<0.05 vs. sepsis; ##P<0.01 vs. sepsis). The 
intestinal permeability of each rat was further investigated 
to demonstration the potential toxicity. As shown in Fig. 1B, 
the permeability of intestine was significantly promoted in 
CLP‑induced rats compared with the sham group (**P<0.01 vs. 
sham), which was greatly suppressed by the introduction of 
Gln and TFL (14 and 28 ml/kg) (#P<0.05 vs. sepsis; ##P<0.01 
vs. sepsis), respectively.

Effect of TFL on histopathology of intestinal tissues in 
CLP‑induced rats. H&E staining was used to evaluate the 
pathological state of intestine tissue of each rat (Fig. 2). The 
rats in the sham group exhibited normally structured intestines 
under light microscope observation, without tissue edema, 
and presented with normal villus structure and clear edge of 
microvilli. Regarding the animals from sepsis group, the intes‑
tinal wall was noted to be thinner, the mucosa was atrophied, 
and local shedding and villous rupture (black arrows) were 
observed. The rats in the Gln, 14 and 21 ml/kg TFL group 
exhibited partial intestinal mucosal necrosis and shedding, but 
the intestinal mucosal lesions were relatively mild. These data 
claimed potential therapeutic effects of TFL on the injured 
intestinal tissues induced by CLP. In order to check the ultra‑
structural change in intestinal mucosa, TEM was performed 
on the intestinal mucosa tissues. In the sepsis group, the 
ultrastructure of intestinal epithelial cells showed decreased 
and deformed microvilli, and incomplete desmosomes (Fig. 3). 
The edema of the villi cells was more pronounced with the 
mitochondrial dropsy (black arrows) and vacuolar change, 
gaps of enterocytes were sharply widened, junctional complex 
among enterocytes were shortened and widened. In contrast, 
the ultrastructure from Gln, 14 and 21 ml/kg TFL‑treated 
rats showed that the microvilli were dense and regular with 
a jagged and interlocking pattern among enterocytes and the 
mitochondria were clear.

TFL suppresses the inflammation and PD‑1/PD‑L1 signal 
pathway induced by CLP. To investigate the potential 
mechanism underlying the effects of TFL on the injured 

intestine induced by CLP, the concentration of IL‑6 and 
TNF‑α, as well as the expression level of key proteins 
involved in PD‑1/PD‑L1 signal pathway was determined 
in the intestine tissues. As shown in Fig.  4A, compared 
with the sham group, the concentration of IL‑6 and TNF‑α 
was elevated significantly in CLP‑treated rats (**P<0.01 vs. 
sham), which was greatly suppressed by the treatment of 
Gln, 14 and 28 ml/kg TFL (#P<0.05 vs. sepsis; ##P<0.01 vs. 
sepsis), respectively. SHP‑2, PI3K and p‑AKT were found to 
be significantly upregulated in CLP‑induced rats (**P<0.01 
vs. sham; Fig. 4B-C), which was downregulated by the intro‑
duction of Gln, 14 and 28 ml/kg TFL (#P<0.05 vs. sepsis, 
##P<0.01 vs. sepsis), respectively. In addition, it was found 
that the elevated expression level of PD‑1 and PD‑L1 in the 
intestine induced by CLP was significantly suppressed by 
the treatment of TFL in a dose‑dependent manner (#P<0.05 
vs. sepsis; ##P<0.01 vs. sepsis; Fig. 4B-C).

TFL inhibits the release of inflammatory factors by blocking 
the PD‑1/PD‑L1 signal pathway. To further verify the 
inhibitory effects of TFL on inflammation through regu‑
lating the PD‑1/PD‑L1 signal pathway, DC cells, CD8+ T 
cells and NK cells were isolated from the peripheral blood 
of rats, the phenotypes of which are shown in Fig.  5A. 

Figure 2. Histopathological state of intestinal tissues of each rat detected by H&E staining. Images were captured under a light microscope at magnifications, 
x200 (A) and x40 (B) The arrow represents the villous rupture. (C) Quantified pathological score of each group. **P<0.01 vs. sham; #P<0.05, ##P<0.01 vs. sepsis. 
TFL, Tong‑fu‑li‑fei; Gln, glutamine; H&E, hematoxylin and eosin.

Figure 3. Ultrastructural changes in the endometrium were evaluated by 
transmission electron microscope (Scale bar, 500 nm). The arrows represent 
the mitochondrial dropsy. TFL, Tong‑fu‑li‑fei; Gln, glutamine.
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CD11c+CD80‑ cells were isolated as DC cells, CD3+ CD8+ 
as CD8+ T cells and CD3‑DX5+ cells as NK cells by sorting 
flow cytometry. As shown in Fig. 5B, compared with DC 
cells, higher PD‑1 expression level and lower PD‑L1 expres‑
sion level were observed both on CD8+ T cells and NK cells, 
respectively. 0.01, 0.02, and 0.04 ml/ml TFL were incubated 
with the co‑cultural system containing both DC cells and 

CD8+ T cells. As shown in Fig. 6A, the production of IL‑6 and 
TNF‑α was significantly elevated by the introduction of 0.02 
and 0.04 ml/ml TFL in a dose‑dependent manner (*P<0.05 
vs. control; **P<0.01 vs. control). Fig. 6B showed the expres‑
sion level of key proteins in the downstream of PD‑1/PD‑L1 
signal pathway. It was found that SHP‑2, PI3K and p‑AKT 
were significantly downregulated by the treatment of 0.02 

Figure 4. TFL suppresses the inflammation and PD‑1/PD‑L1 signal pathway induced by cecal ligation and puncture. (A) The concentration of IL‑6 and 
TNF‑α was determined by enzyme‑linked immunosorbent assay. (B) The expression of SHP‑2 and PI3K was evaluated by reverse transcription‑quantitative 
PCR. (C) The expression level of PD‑1, PD‑L1, SHP‑2, PI3K, p‑AKT and AKT in the intestine was detected by western blotting. **P<0.01 vs. sham; #P<0.05 
vs. sepsis; ##P<0.01 vs. sepsis. IL‑6, interleukin‑6; TNF‑α, tumor necrosis factor‑α; PD‑1, programmed death 1; PD‑L1, programmed cell death ligand 1; 
p‑, phosphorylated‑; TFL, Tong‑fu‑li‑fei; Gln, glutamine.
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and 0.04 ml/ml TFL in a dose‑dependent manner (*P<0.05 vs. 
control; **P<0.01 vs. control).

To further verify the mechanism, the PD‑L1 overexpressed 
DC cells and the PD‑1 overexpressed CD8+ T cells were 
established, with DC cells transfected with pc‑DNA3.1‑NC 
and CD8+ T cells transfected with pc‑DNA3.1‑NC as negative 
control, respectively. As shown in Fig. 6C, compared with 
pc‑DNA3.1‑NC transfected DC cells, the expression level 
of PD‑L1 was significantly elevated in pc‑DNA3.1‑PD‑L1 
transfected DC cells (**P<0.01 vs. pc‑DNA3.1‑NC). In addi‑
tion, compared with pc‑DNA3.1‑NC transfected CD8+ T 
cells, the expression level of PD‑1 was notably increased 
in pc‑DNA3.1‑PD‑1 transfected CD8+ T cells (**P<0.01 vs. 
pc‑DNA3.1‑NC). Subsequently, four groups were formed: DC 
cells incubated with CD8+ T cells in the absence of 0.02 ml/ml 
TFL; DC cells incubated with CD8+ T cells in the presence of 
0.02 ml/ml TFL; PD‑L1‑overexpressed DC cells incubated with 
CD8+ T cells in the presence of 0.02 ml/ml TFL; and DC cells 
incubated with PD‑1‑overexpressed CD8+ T cells. As shown in 
Fig. 6D, it was found that the suppressed expression of SHP‑2, 
PI3K and p‑AKT (induced by the introduction of TFL) was 
dramatically elevated by upregulating PD‑L1 in the DC cells 
or upregulating PD‑1 in the CD8+ T cells (**P<0.01 vs. control; 
##P<0.01 vs. TFL). These data indicate that the regulatory effect 
of TFL on SHP‑2 and PI3K/AKT signal pathway was associ‑
ated with the inactivation of the PD‑1/PD‑L1 signal pathway.

Discussion

Sepsis is manifested as life‑threating organic dysfunction 
induced by the imbalance of immune reaction following 

infection  (22). It is currently suggested that inflammatory 
reaction and immunosuppression are involved in the whole 
pathological process of sepsis (23,24). Immunosuppression is 
the main factor that contributes to the secondary infection and 
multiple organ dysfunction syndrome diagnosed in patients 
with sepsis (25). Thus, ameliorating the immunosuppression 
state may be beneficial to the treatment of clinical sepsis. 
Intestinal injury is one of the main pathological characteristics 
of sepsis, which significantly influences the health of patients 
with sepsis  (26). In the present study, a sepsis model was 
established by CLP in rats to simulate the pathological state 
of sepsis‑induced intestinal barrier injury. The CLP‑induced 
rat model was confirmed by significantly low survival rate, 
elevated intestinal permeability, histopathological changes in 
intestinal tissues, such as thinner barrier, atrophied mucosa, 
local shedding and villous rupture, and ultrastructure changes, 
such as sharply decreased microvilli, mitochondrial dropsy, 
vacuolar changes, widened gaps of enterocytes, and short‑
ened junctional complex among enterocytes. In addition, 
severe inflammation was observed in the intestinal tissues 
of CLP‑induced rats. Gln, which showed significant effects 
in preventing intestinal injury caused by external stimula‑
tions (27,28), was used as a positive control in the present 
study. A high, moderate, and low dosage of TFL was adminis‑
tered to the CLP‑induced rats orally. It was found that the total 
survival rate was promoted by both Gln and TFL, especially 
at the high dosage. The enlarged permeability induced by CLP 
was suppressed by both Gln and TFL, indicating a potential 
repair function of TFL on injured intestine tissues caused 
by CLP. The alleviating effects were verified by ameliorated 
pathological state and ultrastructure changes in endothelial 

Figure 5. Expression level of PD‑1 and PD‑L1 in isolated DC cells, CD8+ T cells and NK cells. (A) The DC cells, CD8+ T cells and NK cells were sorted by 
sorting flow cytometry. (B) The expression level of PD‑1 and PD‑L1 in isolated DC cells, CD8+ T cells and NK cells was detected by western blotting. *P<0.05 
vs. DC cells; **P<0.01 vs. DC cells. DC, dendritic cells; NK cells, natural killer cells; PD‑1, programmed death 1; PD‑L1, programmed cell death ligand 1.
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Figure 6. TFL inhibits the release of inflammatory factors by blocking the PD‑1/PD‑L1 signal pathway. (A) The concentration of IL‑6 and TNF‑α was 
determined by enzyme‑linked immunosorbent assay. (B) The expression level of SHP‑2, PI3K, p‑AKT and AKT was detected by western blotting. *P<0.05 
vs. control; **P<0.01 vs. control. (C) The expression of PD‑1 in CD8+ T cells and the expression of PD‑L1 in DC cells were determined by reverse transcrip‑
tion‑quantitative PCR assay. **P<0.01 vs. pc‑DNA3.1‑NC. (D) The expression levels of SHP‑2, PI3K, p‑AKT and AKT in the co‑cultural system of DC cells 
(wild type or PD‑L1 overexpressed) and CD8+ T cells (wild type or PD‑1 overexpressed) in the presence of TFL was determined by western blotting. **P<0.01 
vs. control; ##P<0.01 vs. TFL. IL‑6, interleukin‑6; TNF‑α, tumor necrosis factor‑α; p‑, phosphorylated‑; DC, dendritic cells; NK cells; natural killer cells; 
NC, negative control; PD‑1, programmed death 1; PD‑L1, programmed cell death ligand 1; TFL, Tong‑fu‑li‑fei.
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cells, as well as the assuasive inflammation caused by CLP. 
These in‑vivo data claimed a potential therapeutic effect of 
TFL on intestinal injury induced by sepsis. However, more 
detailed investigation will be explored in future work to 
confirm the pharmacological function, including the evalua‑
tion of immunosuppression‑associated cells, clinical chemistry 
of peripheral blood and the determination of an optimized 
dosage.

Pro‑inf lammatory reaction and anti‑inf lammatory 
reaction are reported to be simultaneously involved in the 
pathological procedure of sepsis (29). Currently, systemic 
inflammation caused by sepsis can be treated as the develop‑
ment of medicine. However, in the advanced stage of sepsis, 
patients will be experienced with the immunosuppression 
state, which is characterized by low immune reaction or no 
response. The secondary infection and associated compli‑
cations will be induced as the sensitivity and clearance of 
immune system to the pathogenic bacteria decreases (30,31). 
Roquilly et al  (32) reported that the antigen‑presentation 
ability of both macrophages and DCs was suppressed in 
rats with sepsis, accompanied with increased production of 
Treg cells and transforming factor‑β, indicating a significant 
immunosuppression state induced by sepsis. PD‑1/PD‑L1 is 
a classic signaling pathway that mediates the immunosup‑
pression system. The activation of effective T cells can be 
suppressed by binding with PD‑L1 using PD‑1 expression 
on T cells to maintain the balance of immune system. It is 
reported that the survival rate of rats with sepsis could be 
elevated as the release of interferon (IFN)‑γ and the apop‑
totic level are inhibited, which were achieved by blocking 
the PD‑1/PD‑L1 signaling pathway  (33). The effects of 
blocking the PD‑1/PD‑L1 signaling pathway have also been 
verified by clinical administrating anti‑PD‑1 or anti‑PD‑L1 
antibodies to the patients with sepsis, with decreased 
apoptosis and increased production of IFN‑γ and IL‑2 (34). 
SHP‑2 and PI3K/AKT are main downstream signal path‑
ways of PD‑1/PD‑L1 that exert the immunosuppression 
effects  (35,36). In the present study, accompanied with 
inflammation detection, it was found that the SHP‑2 and 
PI3K/AKT signal pathway were significantly activated by 
CLP, indicating a significant immunosuppression induced by 
activated PD‑1/PD‑L1 signal pathway. By the introduction of 
TFL, especially at high and moderate dosage, the activated 
SHP‑2 and PI3K/AKT signaling pathway were significantly 
suppressed, indicating an inhibitory effect on the PD‑1/PD‑L1 
signaling pathway and an effect on the activation of immune 
system. Further mechanistic study showed that SHP‑2 and 
PI3K/AKT signal pathway in the co‑cultural system of DC 
cells and CD8+ T cells was significantly inhibited by the 
introduction of TFL. Interestingly, the production of IL‑6 and 
TNF‑α in the co‑cultural system was found to be elevated 
by the treatment of TFL, which was not consistent with the 
in‑vivo data. It was suspected that the inflammatory situation 
in‑vivo is more complicated compared with that in‑vitro and 
the balance of the immunity in the CLP‑induced rats might 
be maintained by TFL, so that the decreased production of 
inflammatory factors was accompanied by improved sepsis 
symptoms. In the in‑vitro study, the release of the inflam‑
matory factors might only be regulated by the PD‑1/PD‑L1 
signaling pathway, which was inhibited by TFL and resulting 

in an immunopotentiation in CD 8+ T cells. The hypothesis 
was further verified by activating the PD‑1/PD‑L1 signal 
pathway in the presence of TFL. However, further investiga‑
tions will be performed on the direct interaction between 
TFL and the PD‑1/PD‑L1 signaling pathway to further 
verify our hypothesis. In addition, these data indicated that 
the PD‑1/PD‑L1 interaction between DC and CD8+ T cells 
was blocked by TFL. However, the evidence with these 
preliminary data from the present study is not sufficient to 
directly claim that the anti‑sepsis effect of TFL resulted 
from blocking the PD‑1/PD‑L1 signaling pathway. Further 
investigations at the molecular level will be explored to better 
understand the association between the therapeutic effects of 
TFL against sepsis and the immunosuppression induced by 
blocking the PD‑1/PD‑L1 signaling pathway.

Taken together, the data from the present study indicate that 
Tong‑fu‑li‑fei decoction may attenuate immunosuppression to 
protect the intestinal mucosal barrier in sepsis via inhibiting 
the PD‑1/PD‑L1 signaling pathway.
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