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Abstract. Intestinal ischemia‑reperfusion (I/R) injury
promotes the release of IL‑17A, and previous studies have
indicated that TGF‑β activated kinase 1 (TAK1) is an impor‑
tant signaling molecule in the regulatory function of IL‑17A.
The present study aimed to explore the potential effects of
IL‑17A release in intestinal I/R injury, and to investigate the
underlying regulatory mechanisms. Initially, the expression
levels of TAK1 and JNK in a hypoxia/reoxygenation model
were determined, and the effects of TAK1‑knockdown
on JNK phosphorylation and the viability, inflammation,
apoptosis and barrier function of Caco‑2 cells were assessed
using Cell Counting Kit‑8, reverse transcription‑quantitative
PCR, TUNEL and transepithelial electrical resistance assays,
respectively. Subsequently, an antibody targeting IL‑17A was
used, and the effects of the IL‑17A antibody on the expres‑
sion levels of TAK1 as well as cell viability, inflammation,
apoptosis and barrier function were determined. The results of
the present study demonstrated that TAK1‑knockdown mark‑
edly reduced JNK phosphorylation and improved the levels
of cell viability, inflammation, apoptosis and barrier function
via the MAPK signaling pathway. In addition, treatment with
the IL‑17A antibody inhibited the expression of TAK1, and
reversed the aforementioned effects of TAK1 on Caco‑2 cells.
In conclusion, intestinal I/R induces the release of IL‑17A to
regulate cell viability, inflammation, apoptosis and barrier
damage via the TAK1/MAPK signaling pathway.
Introduction
Following the advancement of shock treatment and the
establishment and promotion of arterial bypass, thrombolytic
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therapy, extracorporeal circulation and organ transplantation
in recent years, a variety of organs can receive reperfusion after
ischemia (1‑4). In the majority of cases, ischemia/reperfusion
(I/R) can restore the function of organs and tissues and repair
ischemic damage. As blood flow is often restored following
ischemia, ischemic damage may be reduced; however, the
dysfunction or structural damage caused may be aggravated,
which is known as I/R injury (5). Thus, I/R injury is a common
injury in surgical practice that affects a number of tissues and
organs. It plays a notable role in the pathophysiological evolu‑
tion of serious infections, trauma, shock, cardiopulmonary
insufficiency, organ transplantation and stroke (6). Moreover,
the intestine is an organ that is both fragile and sensitive; thus, it
remains vulnerable to the development of severe I/R injury (7).
The mechanisms underlying intestinal I/R injury are relatively
complex, involving apoptosis, inflammation, oxidative stress,
calcium overload and leukocyte adhesion (8). The current
treatment of intestinal I/R injury depends on ischemic precon‑
ditioning; that is, exposing the tissue to a state of transient
ischemia in advance (9). However, due to the unpredictability
of intestinal I/R, ischemic preconditioning has encountered
notable limitations in clinical practice (10).
The intestinal mucosal barrier is a key barrier for the body's
defense against intestinal I/R injury. Under stress, the intestinal
mucosal barrier is damaged and the permeability increases,
which further aggravates the primary disease and causes
multiple organ failure (11). Therefore, studying the regulation
mechanism underlying the intestinal epithelial barrier under
stress conditions will aid in the development of early prevention
methods, and reduce the mortality of critically ill patients (12).
TGF‑ β activated kinase 1 (TAK1), an important inter‑
mediate in a variety of innate immune signaling pathways
(such as Toll‑like receptor signaling), has been revealed to
play a notable role in maintaining intestinal homeostasis (13).
Results of a previous study revealed that TAK1 mediates
lipopolysaccharide‑induced NF‑κ B signal activation, and
increases the permeability of intestinal tight junctions (14). In
addition, results of a further study demonstrated that intestinal
I/R injury promotes the release of IL‑17A (also known as
IL‑17) (15), and TAK1 has been identified as a key signaling
molecule in the regulatory function of IL‑17 (16,17). Moreover,
results of a previous study demonstrated that TAK1 activates
the expression of downstream MAPK signaling proteins in
acute kidney injury (18).
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To the best of our knowledge, the role of TAK1 in intestinal
I/R injury is yet to be fully elucidated. Caco‑2 cells are a type
of human clonal adenocarcinoma cells, whose structure and
function are similar to differentiated small intestinal epithelial
cells, and are recognized for use in in vitro research on the
intestine (19). Therefore, using Caco‑2 cells, the present study
aimed to explore the effects of IL‑17 release in intestinal I/R
injury, and investigate the underlying regulatory mechanisms.
The findings of the present study provide a theoretical basis for
further study of IL‑17, and contribute to further understanding
the mechanisms underlying intestinal I/R injury.
Materials and methods
Cell culture and grouping. Caco‑2 cells were obtained from
Procell Life Science & Technology Co., Ltd. Caco‑2 cells
were cultured in DMEM (Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 20% FBS (Gibco; Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin, and main‑
tained in an incubator containing 5% CO2 at 37˚C. Cells in the
normoxic incubator were regarded as the control group.
Caco‑2 cells (3x105/well) were seeded into six‑well
plates 1 day before transfection until ~80% confluence was
reached. Cells were subsequently transfected with 1 µg
pcDNA3.1‑TAK1 vector (ov‑TAK1), empty vector (ov‑NC)
(each, Hanbio Biotechnology Co., Ltd.), short hairpin (sh)
RNAs against TAK1 (shRNA‑TAK1; 5'‑CCCGTGTGAACC
ATCCTAATA‑3') or a nonspecific sequence as negative control
(shRNA‑NC; 5'‑CAACAAGATGAAGAGCACCAA‑3') (each,
Shanghai GenePharma Co., Ltd.) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C, according
to the manufacturer's protocol. Following transfection for
24 h, the cells were used for subsequent experiments. These
cells were regarded as the shRNA‑NC/TAK1 or ov‑NC/TAK1
groups.
Anisomycin, a type of JNK agonist, was purchased from
GlpBio Technology and diluted to 4 µM. IL‑17A neutral‑
izing antibody (cat. no. AF‑317) and IgG (cat. no. AB‑108‑C)
were purchased from R&D Systems, Inc. and diluted
to 2 µg/ml. Caco‑2 cells treated with anisomycin or the
aforementioned antibodies for 1 h at 37˚C were used as the
anisomycin/IgG/IL‑17 antibody group.
To establish the hypoxia/reoxygenation (H/R) model, which
mimicked the I/R model in vitro (20), the aforementioned
groups of Caco‑2 cells were transferred into an incubator
containing 94% N2, 5% CO2 and 1% O2 at 37°C to simulate
hypoxia for 12 h, and reoxygenated under normoxic conditions
at 37˚C for a further 6 h. Cells that had undergone hypoxia and
reoxygenation were labelled as the H/R (+) group.
Reverse transcription‑quantitative (RT‑q)PCR. Total RNA
was extracted from Caco‑2 cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), and subsequently
reverse transcribed into cDNA using a universal reverse
transcription kit (Beijing Baiao Laibo Technology Co., Ltd.)
according to the manufacturer's instructions. The mRNA
expression levels were measured using QuantiTect SYBR®
Green PCR kit (Qiagen, Inc.) on a StepOnePlus™ Real‑time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions were as follows: Initial

denaturation at 95˚C for 3 min; followed by 40 cycles of dena‑
turation at 95˚C for 30 sec, annealing at 60˚C for 30 sec and
extension at 72˚C for 30 sec. GAPDH was used as the internal
reference and the relative mRNA expression levels were calcu‑
lated using the 2‑ΔΔCq method (21). The sequences of primer are
listed in Table I.
Western blotting. Total proteins were extracted from
Caco‑2 cells using RIPA lysis buffer (Beyotime Institute of
Biotechnology). The protein samples were determined by the
BCA method and separated (25 µg/lane) via SDS‑PAGE on
a 10 or 12% gel, and subsequently transferred onto PVDF
membranes. Following blocking with 5% skimmed milk for
1.5 h at room temperature, the membranes were incubated with
primary antibodies against TAK1 (1:1,000; cat. no. ab109526),
JNK (1:1,000; cat. no. ab76125), phosphorylated (p)‑JNK
(1:1,000; cat. no. ab124956), inducible nitric oxide synthase
(iNOS; 1:1,000; cat. no. ab178945), cytochrome C oxidase
subunit 2 (Cox2; 1:1,000; cat. no. ab179800), cleaved
caspase 3 (1:500; cat. no. ab2302), cleaved caspase 9 (1:200;
cat. no. ab2324), occludin (1:1,000; cat. no. ab216327), claudin 1
(1:2,000; cat. no. ab211737), ZO‑1 tight junction protein (ZO‑1;
1:1,000; cat. no. ab216880), IL‑17A (1:500; cat. no. ab79056) or
GAPDH (1:1,000; cat. no. ab8245) (all Abcam) at 4˚C overnight.
Following primary incubation, the membranes were washed
thrice with TBS‑0.01% Tween‑20 for 10 min each and then
incubated with a goat anti‑rabbit HRP‑conjugated secondary
antibody (1:5,000; cat. no. ab97080; Abcam) for 2 h at room
temperature. Protein bands were visualized using an ECL
kit (cat. no. P0018AM; Beyotime Institute of Biotechnology),
and the gray values were measured using ImageJ software
(version 1.8; National Institutes of Health).
Cell Counting Kit‑ 8 (CCK‑ 8) assay. Caco‑2 cells
(5x103 cells/well) were cultured in 96‑well plates in the
normoxic incubator for 24 h, and 10 µl CCK‑8 reagent
(Beyotime Institute of Biotechnology) was added to each well.
Cells were subsequently incubated at 37˚C for a further 2 h.
The absorbance of each well was measured using a microplate
reader (Molecular Devices, LLC) at a wavelength of 450 nm.
TUNEL assay. Caco‑2 cells (2x104 cells/well) were seeded into
a 24‑well plate and the TUNEL assay was performed using a
TUNEL kit (cat. no. C1086; Beyotime Institute of Biotechnology),
according to the manufacturer's instructions. Briefly, cells were
fixed with 4% paraformaldehyde for 30 min at room temperature,
and subsequently incubated with PBS containing 0.3% Triton
X‑100 for 5 min at room temperature. Following the addition
of TUNEL working fluid, cells were incubated for a further 1 h
at 37˚C in the dark. The nuclei was counterstained with DAPI
for 10 min at room temperature. The results were observed at
five random fields of view using a fluorescence microscope
(magnification, x200; Olympus Corporation).
Transepithelial electrical resistance (TEER) assay. The TEER
assay was used to determine the levels of barrier function.
Caco‑2 cells (3x104) were seeded into the upper chamber of
24‑well Transwell system plates (pore size, 0.4 µm; Corning,
Inc.) and incubated with DMEM for 20 days at 37˚C. TEER
was measured daily using an epithelial volt ohmmeter. The
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Table I. Primer sequences used for reverse transcription‑
In order to study the regulatory effects of TAK1 on the
quantitative PCR analysis.
MAPK signaling protein JNK, a JNK agonist was used
to treat the cells, and Caco‑2 cells were divided into five
Gene
Sequence (5'‑3')
groups: i) Control; ii) H/R; iii) H/R + shRNA‑NC; iv) H/R
+ shRNA‑TAK1; and v) H/R + shRNA‑TAK1 + anisomycin.
TAK1 forward
ATGCGGTACTTTCCAGGAGC
Firstly, the effects of TAK1 on JNK expression were evaluated
TAK1 reverse
CTGTCCGTTGCCTGTGGTT
using western blotting, and the results revealed that TAK1
TNF‑α forward
CACCACTTCGAAACCTGGGA
knockdown induced the significant upregulation of p‑JNK
TNF‑α reverse
AGGAAGGCCTAAGGTCCACT
expression following H/R. Moreover, anisomycin treatment
significantly reversed the effects of TAK1 knockdown on
IL‑6 forward
CTTCGGTCCAGTTGCCTTCTC
p‑JNK expression (Fig. 1F).
IL‑6 reverse
GGCATTTGTGGTTGGGTCAG
Cell viability was subsequently measured in the aforemen‑
IL‑1β forward
CTGAGCTCGCCAGTGAAATG
tioned
groups using a CCK‑8 assay. The results demonstrated
IL‑1β reverse
TGTCCATGGCCACAACAACT
that
TAK1
knockdown significantly increased cell viability
IL‑17A forward
AACCGATCCACCTCACCTTG
following H/R compared with the H/R + shRNA‑NC group,
IL‑17A reverse
TCTCTTGCTGGATGGGGACA
while anisomycin reduced the level of cell viability after
GAPDH forward
GACTCATGACCACAGTCCATGC
knockdown of TAK1 (Fig. 2A).
GAPDH reverse
AGAGGCAGGGATGATGTTCTG
Furthermore, the expression levels of inflammatory factors
TAK1, TGF‑β activated kinase 1.

calculation used was as follows: TEER=(R1‑R2) x M. R1 repre‑
sents the background resistance, R 2 represents the collagen
layer and membrane insert resistance and M represents the
insert membrane area.
Statistical analysis. All experiments were performed at least
three times. Data are presented as the mean ± standard devia‑
tion, and statistical analysis was performed using GraphPad
Prism version 8.0 (GraphPad Software, Inc.). Comparisons
between multiple groups was performed using one‑way
ANOVA followed by a Tukey's post hoc test, and unpaired
Student's t‑tests were used for comparisons between two
groups. P<0.05 was considered to indicate a statistically
significant difference.
Results
TAK1 inhibits JNK phosphorylation, and TAK1 knockdown
improves cell viability and alleviates the inflammation of
H/R‑induced Caco‑2 cells. The expression levels of TAK1 in
the control and H/R groups were determined using RT‑qPCR
and western blotting. The results indicated that TAK1 expres‑
sion was significantly upregulated in the H/R group compared
with the control group (Fig. 1A and B). Moreover, the expres‑
sion levels of p‑JNK and JNK in the control and H/R groups
were also assessed using western blotting. The expression
level of p‑JNK was significantly upregulated in the H/R group
compared with the control group, whereas no marked differ‑
ence was observed for the expression of JNK, suggesting
that H/R may promote JNK phosphorylation (Fig. 1C).
Subsequently, two shRNAs targeting TAK1 were transfected
into Caco‑2 cells, and the expression levels of TAK1 were
subsequently assessed using RT‑qPCR and western blotting.
The expression levels of TAK1 were reduced to a greater extent
following transfection with shRNA‑TAK1‑1 compared with
shRNA‑TAK1‑2; thus, cells transfected with shRNA‑TAK1‑1
were used in subsequent experiments (Fig. 1D and E).

were measured in the aforementioned groups using RT‑qPCR
and western blotting. Results of the present study demonstrated
that TAK1 knockdown significantly reduced the expression
levels of TNF‑α, IL‑6 and IL‑1β compared with the H/R +
shRNA‑NC group, while treatment with anisomycin signifi‑
cantly reversed this reduction in expression levels (Fig. 2B).
Results of western blotting demonstrated that TAK1 knock‑
down significantly reduced the expression levels of iNOS and
Cox2 to varying degrees compared with the H/R + shRNA‑NC
group, while treatment with anisomycin returned the expression
levels to a level similar to those observed under H/R conditions
(Fig. 2C). These results suggested that TAK1 knockdown may
improve cell viability and alleviate inflammation in Caco‑2
cells subjected to H/R via inhibiting MAPK signal activation.
TAK1 knockdown alleviates the apoptosis and barrier
dysfunction of H/R‑induced Caco‑2 cells by inhibiting MAPK
signal activation. The effects of TAK1 knockdown on apop‑
tosis and barrier dysfunction were evaluated. Apoptosis was
assessed using TUNEL assays and western blotting. Results
of the present study demonstrated that TAK1 knockdown led
to a significant reduction in the intensity of green fluores‑
cence emitted by apoptotic cells compared with the H/R +
shRNA‑NC group, indicating that TAK1 knockdown inhibited
apoptosis. Moreover, treatment with anisomycin significantly
increased the levels of apoptosis in the TAK1 knockdown cells
(Fig. 3A). Results of the western blotting also revealed that
the expression levels of cleaved caspase 9 and cleaved caspase
3 were significantly reduced following TAK1 knockdown
compared with the H/R + shRNA‑NC groups, whereas treat‑
ment with anisomycin increased the expression levels of both
cleaved caspase 9 and cleaved caspase 3 (Fig. 3B). Moreover,
cell barrier function was assessed using TEER and western
blotting. Results of the TEER assay indicated that TAK1
knockdown significantly reversed the H/R‑mediated reduc‑
tion in TEER value, while treatment of TAK1 knockdown
cells with anisomycin reduced the TEER value (Fig. 3C).
Furthermore, the expression levels of occludin, claudin‑1 and
ZO‑1 were notably increased by TAK1 knockdown compared
with those of the H/R + shRNA‑NC group, and anisomycin
treatment significantly reduced the expression levels of the
aforementioned proteins (Fig. 3D).
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Figure 1. TAK1 inhibits JNK phosphorylation in H/R‑induced Caco‑2 cells. Expression levels of TAK1 in the control and H/R groups were determined using
(A) RT‑qPCR and (B) western blotting. (C) Expression levels of p‑JNK and JNK were assessed using western blotting. Expression levels of TAK1 in the
transfected cells were assessed using (D) RT‑qPCR and (E) western blotting. (F) Expression levels of p‑JNK and JNK in the five groups were evaluated using
western blotting. ***P<0.001 vs. control/shRNA‑NC; ###P<0.001 vs. H/R + shRNA‑NC; ΔΔΔ P<0.001 vs. H/R + shRNA‑TAK1. TAK1, TGF‑β activated kinase 1;
H/R, hypoxia/reoxygenation; RT‑qPCR, reverse transcription‑quantitative PCR; p‑, phosphorylated; shRNA, short hairpin RNA; NC, negative control.

Figure 2. TAK1 knockdown improves cell viability and alleviates the inflammation of H/R‑induced Caco‑2 cells. (A) Cell viability in the five groups were
measured using a Cell Counting Kit‑8 assay. (B) Expression levels of TNF‑α, IL‑6 and IL‑1β in the five groups were determined using reverse transcription‑quan‑
titative PCR. (C) Expression levels of iNOS and Cox2 were determined western blotting. ***P<0.001 vs. control; ##P<0.01, ###P<0.001 vs. H/R + shRNA‑NC;
Δ
P<0.05, ΔΔ P<0.01, ΔΔΔ P<0.001 vs. H/R + shRNA‑TAK1. TAK1, TGF‑ β activated kinase 1; H/R, hypoxia/reoxygenation; shRNA, short hairpin RNA;
NC, negative control; iNOS, inducible nitric oxide synthase; Cox2, cytochrome C oxidase subunit 2.
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Figure 3. TAK1 knockdown alleviates the apoptosis and barrier dysfunction of H/R‑induced Caco‑2 cells via by inhibiting MAPK signal activation.
(A) Apoptosis was assessed using a TUNEL assay (magnification, x200). (B) Expression levels of cleaved caspase 9 and cleaved caspase 3 were assessed
using western blotting. (C) Cell barrier function was assessed using a transepithelial electrical resistance assay. (D) Expression levels of occludin, claudin‑1
and ZO‑1 were assessed using western blot analysis. ***P<0.001 vs. control; ##P<0.01, ###P<0.001 vs. H/R + shRNA‑NC; Δ P<0.05, ΔΔ P<0.01, ΔΔΔ P<0.001
vs. H/R + shRNA‑TAK1. ZO‑1, ZO‑1 tight junction protein; TAK1, TGF‑ß activated kinase 1; H/R, hypoxia/reoxygenation; shRNA, short hairpin RNA;
NC, negative control.

IL‑17 antibody improves cell viability and alleviates the
inflammation of H/R‑induced Caco‑2 cells via a reduction in
TAK1 expression. Results of the present study demonstrated
that TAK1 knockdown alleviated cell inflammation, apoptosis

and dysfunction caused by intestinal I/R by regulating MAPK
signaling; however, whether TAK1 participates in the IL‑17
signaling pathway remains to be fully elucidated. Thus, the
expression levels of IL‑17 in the H/R group were initially
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determined using western blotting and RT‑qPCR. Results of
the present study revealed that IL‑17 was highly expressed in
cells that had undergone H/R. Subsequently, the expression
levels of TAK1 in the H/R and H/R + IL‑17 antibody groups
were assessed using western blotting and RT‑qPCR. TAK1
expression was significantly increased in the H/R group
compared with the control group (Fig. 4A and B), and TAK1
expression was markedly reduced in the H/R + IL‑17 antibody
group compared with the H/R group (Fig. 4C and D). These
results indicated that the IL‑17 antibody may reduce the expres‑
sion of TAK1 by neutralizing secreted IL‑17. Following the
verification of high TAK1 expression levels in the transfected
cells using western blotting and RT‑qPCR (Fig. 4E and F), cells
were divided into six groups: i) Control; ii) H/R; iii) H/R + IgG;
iv) H/R + IL‑17 antibody; v) H/R + IL‑17 antibody + ov‑NC;
and vi) H/R + IL‑17 antibody + ov‑TAK1. Cell viability in the
aforementioned six groups was measured using a CCK‑8 assay.
The results demonstrated that the addition of the IL‑17 antibody
significantly increased the levels of cell viability compared
with H/R + IgG, while the viability was significantly reduced
in the H/R + IL‑17 + ov‑TAK1 group (Fig. 4G). In addition, the
mRNA expression levels of TNF‑α, IL‑6a and IL‑1β, and the
protein expression levels of iNOS and Cox2 were determined
using RT‑qPCR and western blotting, respectively. Results
of the present study demonstrated that treatment with H/R +
IL‑17 antibody significantly reduced the levels of inflamma‑
tory factors and inflammation‑associated enzymes compared
with the H/R + IgG group, whereas transfection with ov‑TAK1
(H/R + IL‑17 + ov‑TAK1) significantly increased the IL‑17
antibody‑mediated reduced expression levels (Fig. 4H and I).
IL‑17A antibody alleviates the apoptosis and barrier dysfunction
of H/R‑induced Caco‑2 cells via a reduction in TAK1 expression.
As the previously described methods focused on determining the
effects of TAK1 knockdown on apoptosis and barrier function,
the effects of the IL‑17 antibody on apoptosis and barrier function
were also investigated. The results of the TUNEL assay demon‑
strated that treatment with the IL‑17 antibody significantly reduced
the fluorescence emitted by apoptotic cells compared with the
H/R + IgG group, whereas transfection with ov‑TAK1 increased
this fluorescence compared with the H/R + IL‑17 antibody + ov‑NC
group (Fig. 5A). Moreover, the results of western blotting revealed
that treatment with the IL‑17 antibody significantly decreased
the expression levels of cleaved caspase 9 and cleaved caspase 3
compared with the H/R + IgG group, whereas transfection with
ov‑TAK1 reversed the IL‑17 antibody‑mediated expression levels
(Fig. 5B). Subsequently, the results of the TEER assay indicated
that treatment with the IL‑17 antibody significantly increased the
H/R‑mediated reduction in TEER value, and transfection with
ov‑TAK1 significantly reversed the effects of the IL‑17 antibody
on the TEER value (Fig. 5C). Furthermore, the expression levels
of occludin, claudin‑1 and ZO‑1 were significantly upregulated in
the H/R + IL‑17 antibody group compared with the H/R + IgG
group, while transfection with ov‑TAK1 significantly reduced
these expression levels (Fig. 5D).
Discussion
Intestinal I/R injury is often a synergistic effect of multiple
factors (22). Inflammation is a key response to pathogens and,

according to a previous report, when intestinal I/R injury
occurs, the body stimulates an immune response and simulta‑
neously promotes the upregulation of numerous inflammatory
cytokines. Thus, an inflammatory response is aggravated,
causing damage to multiple organs (23). Moreover, apoptosis
is also considered to be a major mechanism underlying isch‑
emic tissue cell death, which impacts inflammation, calcium
overload and oxidation (24). In the process of intestinal I/R,
local apoptosis occurs in the intestine, and apoptosis may
also be induced in remote organs (25). Notably, the intestinal
capillary permeability increases following I/R, which leads
to intestinal absorption dysfunction and increased mucosal
permeability, allowing macromolecular solutes to pass. Thus,
damaged intestines may become the source of numerous
harmful biologically active substances (26). Therefore, further
investigation into the mechanisms underlying intestinal
I/R injury is required for the development of novel treatment
options.
Results of the present study demonstrated that intestinal
I/R causes upregulation of TAK1 expression, and TAK1
knockdown inhibits the phosphorylation of JNK. Results of
a previous study demonstrated that the expression of JNK in
the MAPK signaling family is increased in intestinal ischemic
tissues (27). Moreover, activation of TAK1‑dependent NF‑κ B
and proto‑oncogene c‑Jun is associated with the occurrence
of intestinal inflammation and, in the case of dextran sodium
sulfate‑induced enteritis, the expression levels of TAK1 are
significantly increased (28). These findings are consistent with
those of the present study. Furthermore, results of the present
study also demonstrated that TAK1 was involved in intestinal
I/R injury, including cell inflammation, apoptosis and barrier
damage. TAK1 knockdown alleviated the inflammation, apop‑
tosis and barrier dysfunction of H/R‑induced Caco‑2 cells by
inhibiting MAPK signal activation.
Moreover, following intestinal I/R, the release of IL‑17 is
upregulated. Over the past decade, IL‑17 has been revealed
to play an important role in autoimmune diseases and
tumors (29). At present, an IL‑17 monoclonal antibody that
has been approved for marketing is used for the treatment of
psoriasis (30). However, to the best of our knowledge, there are
few studies that describe the role of IL‑17 in the intestinal tract.
Results of a previous study revealed that IL‑17 is upregulated
in the gut of mice with intestinal fibrosis (31), and the decrease
of IL‑17 expression levels may protect intestinal cells from
inflammation (32). Results of the present study demonstrated
that reducing IL‑17 expression alleviated inflammation, apop‑
tosis and barrier dysfunction caused by intestinal I/R injury.
Notably, IL‑17 exerted the aforementioned effects by reducing
the levels of TAK1 expression. Results of a previous study
further demonstrated that IL‑17 promotes drug efflux in
patients with rheumatoid arthritis via regulation of TAK1 (33).
Usually, some researchers use recombinant IL‑17 to induce
inflammation to study the role of IL‑17 in cells. In the present
article, cells influenced each other through paracrine signaling,
therefore, the use of recombinant IL‑17 was unnecessary.
Therefore, the present study selected to neutralize IL‑17 with
an antibody to explore its effects.
In conclusion, the present study demonstrated that
intestinal I/R induces the release of IL‑17 to regulate cell
viability, inflammation, apoptosis and barrier damage via
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Figure 4. IL‑17 antibody improves cell viability and alleviates the inflammation of H/R‑induced Caco‑2 cells through a reduction of TAK1 expression. Expression
levels of IL‑17 in the H/R group were determined using (A) RT‑qPCR and (B) western blotting. Expression levels of TAK1 were determined using (C) RT‑qPCR
and (D) western blotting. Expression levels of TAK1 in the transfected cells were determined using (E) RT‑qPCR and (F) western blotting. (G) Cell viability
in the six groups was measured using a Cell Counting‑Kit 8 assay. (H) mRNA expression levels of TNF‑α, IL‑6 and IL‑1β were determined using RT‑qPCR.
(I) Protein expression levels of iNOS and Cox2 were determined using western blot analysis. ***P<0.001 vs. control/Ov‑NC; ###P<0.001 vs. H/R + IgG; ΔP<0.05,
ΔΔ
P<0.01, ΔΔΔ P<0.001 vs. H/R + IL‑17 antibody + Ov‑NC. H/R, hypoxia/reoxygenation; RT‑qPCR, reverse transcription‑quantitative PCR; TAK1, TGF‑ß
activated kinase 1; iNOS, inducible nitric oxide synthase; Cox2, cytochrome C oxidase subunit 2; Ov, overexpression; NC, negative control.
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Figure 5. IL‑17A antibody alleviates the apoptosis and barrier dysfunction of H/R‑induced Caco‑2 cells via a reduction in TAK1 expression. (A) Apoptosis was
assessed using a TUNEL assay (magnification, x200). (B) Expression levels of cleaved caspase 9 and cleaved caspase 3 were assessed using western blotting.
(C) Cell barrier function was assessed using a transepithelial electrical resistance assay. (D) Expression levels of occludin, claudin‑1 and ZO‑1 were assessed
using western blotting. ***P<0.001 vs. control; ###P<0.001 vs. H/R + IgG; Δ P<0.05, ΔΔΔ P<0.001 vs. H/R + IL‑17 antibody + Ov‑NC. ZO‑1, ZO‑1 tight junction
protein; H/R, hypoxia/reoxygenation; Ov, overexpression; NC, negative control.

TAK1/MAPK signaling. However, the present study is
limited to in vitro research, and in vivo intestinal I/R models
will be established in the future to further explore the roles
of IL‑17 in I/R injury.
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