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Abstract. The present study aimed to develop a tumor necrosis 
factor‑α (TNF‑α) B‑cell epitope/IL‑1β helper T lymphocyte 
epitope complex MAP vaccine for the alleviation of ulcerative 
colitis (UC) in mice. The B cell epitopes of murine TNF‑α 
(mTNF‑α) were predicted in  silico and coupled with the 
universal interleukin 1β (IL‑1β) helper T‑cell epitope peptide 
VQGEESNDK to synthesize the eight‑branched MAP vaccine. 
Then, the immunological effects of the MAP vaccine were 
assessed in vitro and in vivo, as well as its impacts on DAI index, 
serum DAO levels, colon tissue tight junction protein amounts, 
ultrastructural changes, and MPO activity in BALB/c mice 
with UC. The amino acids LTLRSSSQNSSDKPV at positions 
78‑92 of mTNF‑α may constitute the dominant B cell epitope. 
Based on this finding, an eight‑branched peptide structure, the 
TNF‑α B‑cell epitope/IL‑1β helper T‑cell epitope complex 
MAP vaccine, was synthesized. Indirect ELISA confirmed 
that MAP had a high affinity with commercialized mTNF‑α 
antibodies. Meanwhile, MAP induced high specific antibody 
titers in vivo, reduced the DAI score, serum MPO activity, 
colorectal lymph node colony count, ultrastructural injuries, 
colon tissue histological index score and MPO activity in 
UC mice, while increasing the expression levels of occludin, 
claudin1 and ZO1 in colon tissues. The synthetic complex 
MAP vaccine has good antigenicity and immunogenicity, and 
can alleviate UC in mouse models.

Introduction

Tumor necrosis factor‑α (TNF‑α) is a cytokine with complex 
biological activity and an autoantigen that can be used as a 
therapeutic target  (1,2). In addition to killing tumor cells 
in vitro and in vivo, TNF‑α induces inflammatory responses, 
exhibits anti‑viral effects, regulates the immune system, and 
promotes cell proliferation and activation (3). However, when 
TNF‑α is overexpressed, it and other inflammatory factors can 
lead to a variety of pathological conditions, such as inflam-
matory bowel disease, infectious diseases and cachexia (4‑6). 
Therefore, neutralizing excessive TNF‑α expression in the 
body provides an effective tool for the treatment of such 
diseases (4‑6). Currently, several drugs are used clinically 
to treat diseases by neutralizing excess TNF‑α, including 
a TNF‑α human‑murine chimeric antibody (infliximab), a 
TNF‑α soluble receptor (etanercept), a human monoclonal 
antibody (aladalimumab) and a recombinant humanized 
anti‑TNF‑α fragment antibody (certolizumab)  (5). Among 
these, infliximab is the most commonly used exogenous 
antibody, and has been approved for the clinical treatment of 
Crohn's disease. Clinical trials have demonstrated that inflix-
imab exhibits positive effects in ulcerative colitis (UC), such as 
lowering the use of corticosteroid and reducing the colectomy 
rate in acute severe UC (7,8). However, there are certain issues 
involved with the aforementioned drugs, including high dosage 
requirements, long‑term repeated use, the ability to easily 
induce hypersensitivity, and high costs, which hinder their 
widespread use (9). In addition, regarding the shortcomings of 
such monoclonal antibodies, the journal Nature published an 
article entitled ‘Can super‑antibody drugs be tamed?’, which 
reported that the potential harm of drug‑induced immune 
response has become a key factor limiting their use (10).

Currently, developing immunization vaccines against 
human self‑proteins (i.e., autologous vaccines) has become a 
novel direction for anti‑molecular immunotherapy rather than 
the use of monoclonal antibody drugs  (11). As autologous 
molecules are autoantigens with small molecular weights and 
monomeric structures, often resulting in reduced immunoge-
nicity; they cannot induce ideal immune responses in vivo, 
particularly humoral immune responses (12). Insertion of the 
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exogenous universal helper T‑cell epitope into the proper posi-
tion of a self‑antigen can help break the immune restriction and 
induce neutralizing antibodies against the self‑molecule (13).

The newly proposed multiple antigenic polypeptide (MAP) 
design uses lysine as the core matrix, which has a low molecular 
weight and weak immunogenicity; it combines with a number 
of (usually 4 or 8) antigen epitopes of the same or different 
monomer peptides to form a dendritic structure. This pattern 
mimics the natural epitope conformation and can also activate 
humoral immunity to induce high titer and affinity antibodies 
without re‑coupling the carrier protein (14). Based on previous 
investigations associated with MAP vaccines, the authors of 
the current study successfully enhanced heparinase immuno-
genicity using the MAP design, and obtained high‑titer and 
‑affinity anti‑heparinase antibodies in vivo (15,16).

The biological characteristics of TNF‑α are not 
species‑specific; indeed, the murine (m)TNF‑α is highly 
homologous to human TNF‑α and has a similar tertiary 
structure  (17). Its precursor has 235 amino acid residues 
containing a signal peptide with 79 amino acids. In the current 
study, the mTNF‑α B cell epitope was predicted using several 
bioinformatics techniques based on the primary structure 
of mTNF‑α, and associated with the interleukin‑1β (IL‑1β) 
163‑171 universal helper T‑cell epitope peptide (18); then, the 
eight‑branched MAP design was used to synthesize a complex 
MAP vaccine. Next, the immunological effects of the produced 
vaccine were assessed in vitro and in vivo. Additionally, the 
impact of the vaccine on disease active index (DAI), serum 
diamine oxidase (DAO) levels, protein levels of colonic tissue 
claudin 1 and other tight junction proteins, myeloperoxidase 
(MPO) activity, and epithelial ultrastructural injuries were 
assessed in BALB/c mice with UC. The aim of the present 
study was to provide a basis for the development of novel 
TNF‑α vaccines against UC.

Materials and methods

Materials. The following materials were used: mTNF‑α recom-
binant protein (eBioscience; Thermo Fisher Scientific, Inc., San 
Diego, CA, USA); polyclonal rabbit anti‑mouse TNF‑α full 
length protein antibodies (cat. no. 17590‑1‑AP; Proteintech Tech 
Group, Inc., Chicago, IL, USA); Freund's complete and incom-
plete adjuvants (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany), horseradish peroxidase‑conjugated goat anti‑rabbit 
immunoglobulin (IgG) (cat.  no.  BA1003; Wuhan Boster 
Biological Technology, Ltd., Wuhan, China); anti‑claudin 1 
(cat.  no.  EPRR18871), ‑occludin (cat.  no.  EPR8208), ‑ZO1 
(cat. no. EPR19945‑296; Abcam, Cambridge, UK) and GAPDH 
(cat. no. 10494‑1‑AP; Proteintech Tech Group, Inc.) antibodies, 
a western blotting chemiluminescence kit (Kangchen Bio‑tech 
Inc., Shanghai, China); lactate dehydrogenase (LDH) assay kit 
(Jiancheng Bioengineering Institute, Nanjing, China) and protein 
markers (Bio‑Rad Laboratories, Inc., Hercules, CA, USA) were 
used. Mouse H22 hepatocarcinoma cells, which highly express 
mTNF‑α, were obtained from Huazhong University of Science 
and Technology (Wuhan, China), and mouse L929 fibroblasts 
from American Type Culture Collection (Manassas, VA, USA). 
BALB/c mice (n=48, 3‑4 weeks old, 15‑18 g; n=30, 4‑5 weeks 
old; 18‑20  g) were purchased from Shanghai Sipper‑BK 
Laboratory Animal Co. Ltd. [production license no. SCXK 

(Shanghai) 2013‑0016] and housed in the barrier environment 
of Experimental Animal Center in Zhejiang Province [use 
license no. SYXK (Zhejiang) 2014‑0008]. The mice were kept 
in Plexiglas® cages placed on a laminar flow ultra‑clean rack. A 
total of 3‑4 mice were housed in each cage at a constant temper-
ature (25‑27˚C) and humidity (45‑50%), under a 12‑h light/dark 
cycle with free access to food and sterilized water. Water and 
food consumption volumes were recorded daily. The animal 
studies were approved by the Ethics Committee of Zhejiang 
Chinese Medical University (approval no.  ZSLL‑2011‑95; 
Hangzhou, China). Furthermore, 0.3% sodium pentobarbital 
was administered intraperitoneally at a dose of 30 mg/kg to 
minimize perioperative animal suffering. All animals survived 
till the end of the experiments. At the end of the experiments 
(after 7 or 10 weeks), all animals were anesthetized intraperi-
toneally with 0.3% sodium pentobarbital (60 mg/kg), and then 
euthanasia was performed by cervical dislocation.

Complex vaccine preparation
Epitope prediction. The antigenic epitopes of mouse TNF‑α 
were predicted using Predicting Antigenic Peptides software 
(http://www.mif.dfci.harvard.edu/Tool/antigenic.pl; Harvard 
University, Cambridge, MA, USA), using the semi‑empirical 
Kolaskar and Tongaonkar methods  (19), to initially deter-
mine the B cell epitope region of mTNF‑α. The 235 amino 
acid sequences of the mTNF‑α sequence, particularly those 
within the regions determined using the Predicting Antigenic 
Peptides software, were then analyzed by DNAStar 7.1 
(DNASTAR, Inc., Madison, WI, USA) and the BcePred online 
prediction tool (http://www.imtech.res.in/raghava/bcepred/) to 
evaluate the physical and chemical properties of epitope region 
proteins, including hydrophilicity, accessibility, plasticity and 
antigenicity. Finally, the most likely amino acid sequence of 
the predominant mTNF‑α B‑cell epitope was selected.

MAP synthesis. MAP synthesis was performed by Hangzhou 
Peptide Biochemical Co., Ltd. on an ABI431A peptide 
synthesizer (Perkin‑Elmer, Inc., Waltham, MA, USA) using 
the eight‑branched MAP resin. The eight‑branched MAP 
core structure was synthesized based on the Fmoc synthesis 
scheme  (20). The predicted predominant mTNF‑α B‑cell 
epitope peptide and IL‑1β universal helper T‑cell epitope 
peptide VQGEESNDK were synthesized and connected 
by lysine to form a complex peptide. Then, the resulting 
molecule was coupled with eight amino terminals of the 
eight lysine residues located at the end of the MAP core 
structure. In accordance with amino acid sequences of 
peptides, the amino acid was sequentially connected one 
by one from the carboxy‑terminus to the amino terminal 
end. The collected sample was then subjected to low pres-
sure rotary evaporation at a constant temperature (4˚C) and 
freeze‑dried overnight, to yield the lyophilized eight‑branched 
TNF‑α B cell epitope‑IL‑1β T helper epitope complex MAP 
vaccine. Additionally, an eight‑branched MAP‑VQGEESNDK 
sequence was also synthesized in the same way, as a control, 
and simply consisted of eight T helper peptide.

Immunological effects of the complex MAP vaccine
Binding affinity. The binding affinity of the complex 
MAP vaccine to the mTNF‑α whole protein antibody was 
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determined using 10 mg/l of the predicted epitope peptide, 
the complex MAP vaccine, MAP‑VQGEESNDK or the 
mTNF‑α recombinant protein to coat 96‑well ELISA plates 
(100  µl/well) overnight at 4˚C. Following blocking with 
1% bovine serum albumin (BSA; cat.  no.  LS000290; US 
Biochemical Corp., Cleveland, OH, USA), 0.06 µg/100 µl/well 
of the rabbit anti‑mouse full‑length TNF‑α antibody was 
added, with 1:4,000 normal BALB/c mouse serum (Zhejiang 
Chinese Medical University, Hangzhou, China) serving as 
a control. The absorbance of the plates was measured at a 
wavelength of 490 nm using the Imark Micoplate Absorbance 
Reader 13550 (Bio‑Rad Laboratories Inc.), the experiment was 
repeated three times.

Immunogenicity of the complex MAP vaccine. A total of 
48 male BALB/c mice  (21) (3‑4 weeks old, 15‑18 g) were 
randomly divided into four groups of 12: Epitope peptide, 
complex MAP vaccine, mTNF‑α recombinant protein and 
MAP‑VQGEESNDK. The mTNF‑α recombinant group 
served as the control. The four peptides were used as immuno-
gens. The first immunization used Freund's complete adjuvant, 
while boost vaccinations included Freund's incomplete adju-
vant. The initial and boost doses in the epitope peptide, the 
MAP‑VQGEESNDK and the complex MAP vaccine groups 
were 0.2 mg/mouse; 20 µg/mouse was used in the mTNF‑α 
recombinant protein group. Each immunogen was dissolved 
in 0.5 ml of PBS and emulsified with 0.5 ml Freund's adjuvant 
prior to use for multiple subcutaneous injections into the backs 
of the animals. Two weeks after each vaccination, orbital blood 
samples were collected, and the mice were euthanized. A total 
of five injections were administered at 2‑week intervals and 
blood was collected six times for serum isolation. Next, anti-
body titers in serum were determined using standard indirect 
enzyme linked immunosorbent assay (ELISA). The 96‑well 
ELISA plates were coated with 10  mg/l epitope peptide, 
complex MAP vaccine, MAP‑VQGEESNDK and mTNF‑α 
recombinant whole protein at 100 µl/well overnight at 4˚C. 
After blocking with 1% BSA for 1 h at 37˚C, the sections 
were incubated with polyclonal rabbit anti‑mouse TNF‑α full 
length protein antibodies (dilution, 1:4,000) for 1 h at 37˚C 
and then horseradish peroxidase‑conjugated goat anti‑rabbit 
IgG (dilution, 1:4,000) for 1 h at 37˚C to test the immunogens; 
the pre‑immunized serum was used as a negative control. The 
ratio of the absorbance of the test sample to that of the negative 
control was calculated, and a value >2.1 indicated a positive 
signal; the highest dilution that yielded a positive reaction was 
considered the antibody titer of the sample.

Western blot analysis. Following centrifugation, 1x109 murine 
H22 cells and 1 ml of ice‑cold suspension buffer was added. 
The cells were then dispersed with a vortex oscillator for 
5 min before centrifugation at 1,006 x g for 5 min at 4˚C. 
The supernatant was discarded, and an equal volume of 2X 
SDS was immediately added to the extract total protein. 
SDS‑PAGE was performed on a 5% gel, and a total of 35 mg 
protein per lane was analyzed, with the commercial mTNF‑α 
recombinant protein used as the positive control and the 
pre‑immunized mouse serum serving as a negative control. 
Western blotting was performed following the manufac-
turer's protocol. Immunoreactive bands were detected using 

chemiluminescence reagent (Shanghai Kangchen Bio‑tech 
Inc.).

TNF‑α inhibitory effects of MAP antiserum. Growing L929 
cells were adjusted to a density of 5x107 cells/ml and 100 µl 
of the cells was inoculated in each well of 96‑well plates for 
12 h. The antiserum and mTNF‑α in each group were diluted 
with 0.5 mg/l actinomycin D, which increases the sensitivity 
of L929 cells to TNF‑α cytotoxicity. mTNF‑α at 400 µg/l was 
added into each well, which contained 10 µl of the epitope 
peptide antiserum, the complex MAP vaccine antiserum, the 
MAP‑VQGEESNDK antiserum and the mTNF‑α recombinant 
protein antiserum at a dilution of 1:500. In the control wells, 
only the cell culture medium containing 0.5 mg/l actino-
mycin D was added. After 24 h, supernatants were collected, 
the absorbance was measured in triplicate at 450 nm on a 
microplate reader (BioTek Instruments, Inc., Winooski, VT, 
USA) and the cytotoxicity (%) of L929 cells were quantified by 
the LDH activity according to the following formula: [(LDH)
E‑(LDH)TS]/[(LDH)TSmax‑(LDH)TS] x100. Where, (LDH)
E is the level of experimental LDH release, (LDH)TS is the 
level of target spontaneous LDH release and (LDH)TSmax 
is the target maximum level of LDH release. Spontaneous 
LDH release was evaluated by incubating target cells free 
of mTNF‑α, while maximum release was assessed by the 
presence of maximum mTNF‑α.

Therapeutic effects of the complex MAP vaccine in UC mice
Immunization and modeling. A total of female BALB/c mice 
(4‑5 weeks old; 18‑20 g) were divided into three groups (n=10) 
according to body weight: The immunization, the UC model 
and the blank control groups. There was no significant differ-
ence in body weight among groups.

In the immunization group, mice were multi‑point 
immunized subcutaneously with the complex MAP vaccine 
on day 1. The immunization dose was 0.2 mg/mouse with 
Freund's complete adjuvant, followed by two booster immuni-
zations with Freund's incomplete adjuvant (22). The adjuvant 
and antigen were fully mixed at a ratio of 1:1 and administered 
every 2 weeks. BALB/c mice were treated with equal volumes 
of PBS in the UC model group, and the immunization scheme 
was the same as in the immunization group.

The UC model was established by free access to 5% dextran 
sulfate sodium (DSS) solution. After 4 weeks (corresponding 
to the third immunization), mice in the immunization and UC 
model groups were administered DSS for 7 days, while mice 
in the blank control group drank distilled water.

DAI scoring. After drinking the DSS solution, alterations 
to mouse weight and stool properties were observed daily, 
and fecal occult blood was detected using the test paper 
method (23). A total of 3 weeks from the start of DSS admin-
istration, data were scored as indicated in Table I. Scores of 
weight loss, stool traits and fecal blood were added to deter-
mine the mean DAI score for each mouse; thus, evaluating the 
disease status of the animals (23). Meanwhile, antibody titers 
in mice were detected weekly.

Determination of serum DAO content. Mice were intraperi-
toneally injected with 30 mg/kg 1% sodium pentobarbital to 
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induce deep anesthesia. The animals were sacrificed 3 weeks 
after drinking DSS. Specimens were collected after mice had 
fasted for 12 h with free access to water. Eyes were removed and 
orbital blood samples were collected repeatedly with a siphon 
to obtain ~1 ml of blood, which was added to centrifuge tubes 
containing 1% heparin. The blood samples were centrifuged at 
1,006 x g for 5 min at 4˚C to obtain serum. Serum DAO content 
was determined using the double antibody sandwich avidin biotin 
peroxidase complex (ABC)‑ELISA (cat. no. ab155458; Abcam) 
method (24). Optical density values were measured at 450 nm and 
DAO concentrations were determined using a standard curve.

Observation of bacterial translocation in mesenteric lymph 
nodes. After blood collection, the mice were dissected. 
Approximately 200  mg of mesenteric lymph nodes were 
extracted under aseptic conditions and homogenized in a 
sterile grinder. After centrifugation at 300 x g for 5 min at 4˚C, 
100 µl of the supernatant was inoculated on a common blood 
agar dish for quantitative culturing. The culture plates were 
incubated at 37˚C for 48 h and the mean number of colonies in 
the three groups were compared.

Expression levels of tight junction proteins. Immunoblotting 
was used to assess the expression levels of tight junction 
proteins, including claudin 1, occludin and ZO1, in colon tissue 
specimens. Approximately 0.5 cm of mouse colon was added 
to the protein extraction buffer, homogenized with a homog-
enizer for 30 min at 0˚C and centrifuged at 21,910 x g for 
15 min at 4˚C. The supernatants were collected, and protein 
amounts were quantified using the Lowry method.

Equal amounts of total protein (30 µg/lane) were separated 
by SDS‑PAGE on a 5% gel; the protein bands were trans-
ferred onto nitrocellulose membranes. Non‑specific binding 
was blocked with 5% milk, which was incubated with the 
membranes for 2 h at 4˚C. The membranes were then incu-
bated with anti‑claudin 1, anti‑occludin, anti‑ZO1 antibodies 
(dilution, 1:1,000) and anti‑GAPDH (dilution, 1:10,000) at 4˚C 
overnight. This was followed by incubation with a horseradish 
peroxidase‑conjugated secondary antibody (dilution, 1:10,000) 
for 2 h at room temperature. Detection was performed with 
an enhanced chemiluminescence kit. GAPDH was used as an 
internal control. BandScan 5.0 software (Glyko Inc., Novato, 
CA, USA) was used to analyze the gray scale values of 
different bands.

Histological damage pathology scoring. Approximately 
1 cm of distal colon was fixed in 10% formaldehyde. This 
was followed by conventional paraffin embedding, slicing 
(4‑µm‑thick sections), and hematoxylin and eosin (H&E) 
staining. Histological changes, including colonic mucosal 
ulcers, interstitial edema, and nucleated cell infiltration were 
observed using a Nikon Eclipse 400  microscope (Nikon 
Corporation, Tokyo, Japan) at a magnification of x200. The 
severity of colonic tissue inflammation, depth of lesions, and 
crypt and epithelial damage were evaluated by two senior 
pathologists. The degree of histological damage was expressed 
by the histological index (HI; Table II) (25).

Ultrastructure of mucous epithelium. Approximately 0.5 cm 
of distal ileum was fixed in 2.5% glutaraldehyde at 4˚C for 6 h. 
Electron microscope specimens were routinely prepared, and 
stained with uranium acetate and lead citrate. All the slices 
were sectioned using the LKB‑V type ultramicrotome (LKB 
Bromma; GE Healthcare Life Sciences, Little Chalfont, UK). 
The ultrastructural of mucous epithelium was observed under 
the JEM‑1010 type transmission electron microscope (TEM; 
JEOL, Ltd., Tokyo, Japan).

Determination of MPO activity in the colon tissue. MPO is 
an enzyme in neutrophil azurophilic granules, and its activity 
reflects the number and activity of neutrophils. To determine 
MPO activity, mouse colon tissue was accurately weighed. 
Then, homogenization medium was added to the tissue based 
on a tissue weight (g):volume (ml) ratio of 1:19; the resulting 
solution was mixed to prepare a 5% tissue homogenate 
mixture. According to the manufacturer's protocol of MPO 
assay kit (cat. no. A044; Jiancheng Bioengineering Institute), 
the reagents were added in order. Briefly, the prepared tissue 
mixture was added to 50 mmol/l phosphate buffer (pH 6.0) 
containing 0.5% hexadecyltmethyl‑ammonium bromide. The 
sample was then centrifuged at 16,099 x g for 20 min at 4˚C 
and the supernatant was used for the MPO assay by utilizing 
0.0005% hydrogen peroxide as a substrate. Distilled water was 
used to as the blank control and absorbance was then deter-
mined at 460 nm. Results were expressed as units per gram 
weight (U/g) of wet tissue.

Statistical analysis. Statistical analysis was performed 
using the SPSS 17.0 software (SPSS, Inc.). Quantitative 
data are presented as mean ± standard deviation. Multiple 
samples were compared by one‑way ANOVA with the 
Student‑Newman‑Keuls post‑hoc test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Prediction of mTNF‑α epitopes and complex MAP vaccine 
synthesis. The amino acid sequence of the mTNF‑α protein was 
obtained from Genbank (Fig. 1). From the results obtained with 
the Predicting Antigenic Peptides software, the mouse TNF‑α 
B‑cell epitopes were located within amino acids 10‑20, 46‑103, 
111‑125 and 146‑153. The selected region of the mTNF‑α 
sequence was analyzed by DNAStar and Bcepred software. 
The results showed that the LTLRSSSQNSSDKPV peptide in 
the gray background composed of amino acids 78‑92 had the 

Table I. Mouse DAI scoring table.

Score	 Weight loss (%)	 Stool traitsa	 Blood stool

0	 None	 Normal	 Normal
1	 1‑5	 Loose	 Occult blood (+)
2	 5‑10		
3	 10‑15	D iarrhea	 Visible blood
4	 >15		

aNormal stool refers to shaped stool; loose stool refers to that not 
sticking to the anus and semi‑shaped; diarrhea refers to dilute watery 
stool that sticks to the anus. DAI, disease active index.



INTERNATIONAL JOURNAL OF MOlecular medicine  44:  1106-1116,  20191110

best hydrophilicity, accessibility and plasticity. Moreover, it was 
located within the protein extension structure or irregular curl 
structure, constituting the most likely dominant B‑cell epitope. 
Therefore, the TNF‑α B epitope‑IL‑1β helper T‑cell epitope 
complex MAP vaccine based on the latter predicted amino 
acid sequence was synthesized. Fig. 1 depicts the structure of 
the complex MAP vaccine, which was purified by high pressure 
liquid chromatography, to achieve a purity of ≥95%.

Binding affinity of the complex MAP vaccine to a TNF‑α 
whole protein antibody. The binding affinity was detected 
by indirect ELISA, and the results demonstrated that the 
synthesized complex MAP vaccine had strong binding affinity 
with the mTNF‑α whole protein antibody in vitro. Its binding 
affinity with the antibody was weaker compared with that 
of the mTNF‑α recombinant protein, but stronger compared 
with that of the epitope oligopeptide or MAP‑VQGEESNDK 
(P<0.01; Fig.  2A). These findings indicated that the 
eight‑branch MAP design and the insertion of the IL‑1β 
helper T‑cell epitope peptide significantly enhanced the 
antigenicity of the predicted mTNF‑α B‑cell epitope peptide 
LTLRSSSQNSSDKPV, and the mTNF‑α B cell epitope oligo-
peptide or helper T‑cell epitope polypeptide, VQGEESNDK, 

did not have binding affinity with the mTNF‑α whole protein 
antibody when compared with negative serum control.

Dynamic changes of antibody titers. Specific antibodies were 
detected from 2 weeks after the first immunization with the 
complex MAP vaccine. Antibody titers increased rapidly 
to ~1:119,000 after 4 weeks. After 6 weeks, antibody titers 
plateaued with a value of 1:168,000. In week 8, antibody titers 
reached its peak value, which declined steadily to 1:173,000 
by week 10. The epitope peptide, mTNF‑α recombinant 
protein and MAP‑VQGEESNDK groups produced no detect-
able specific antibodies (Fig. 2B), and the IL‑1β helper T‑cell 
epitope peptide and MAP vaccine groups showed no cross 
reaction. The aforementioned finding showed that a high titer 
of antibody can be induced by the complex MAP vaccine.

Specificity of the antibody verified by western blot analysis. 
Total protein from H22 cells was incubated with the immunized 
epitope peptide, complex MAP vaccine, MAP‑VQGEESNDK 
and commercial mTNF‑α recombinant protein antibody anti-
serum samples. A rabbit anti‑mouse TNF‑α antibody was used 
as a positive control; GAPDH was used as internal reference 
gene. Incubation with the commercial mTNF‑α recombinant 
protein antibody produced a thick band of ~17 kDa and the 
band in the MAP vaccine group was also evident. According 
to the specification of the commercial antibody, 17 kDa corre-
sponds to the mTNF‑α protein. The mTNF‑α recombinant 
protein, MAP‑VQGEESNDK and epitope peptide groups did 
not show overt bands in the corresponding location (Fig. 2C). 
The aforementioned results suggested that the immunized 
antibody in the complex MAP vaccine specifically binds to 
the TNF‑α protein.

Effects of various antisera on TNF‑α activity. The viability 
of L929 cells with recombinant mTNF‑α was detected using 
the LDH release assay to assess the inhibitory effects of the 
antisera on the biological activity of mTNF‑α. The results 
showed that the cytotoxicity in the epitope peptide, complex 
MAP vaccine, mTNF‑α, MAP‑VQGEESNDK antiserum 
groups and the control group were 44.59, 23.47, 53.16, 47.93 and 
53.80, respectively. This indicated that cytotoxicity measured 
by the LDH activity was significantly lower in the complex 
MAP vaccine antiserum group compared with in the other four 
groups (P<0.01) and that TNF‑α activity in the complex MAP 
vaccine group was primarily inhibited by the specific antibody 
contained in the antiserum. Compared with the control group, 
the MAP‑VQGEESNDK, epitope peptide or mTNF‑α anti-
serum groups showed no significant differences (Fig. 2D).

Table II. Standard of histological index.

Score	 Inflammation	 Depth of the lesion	 Crypt destruction

0	 None	 None	 None
1	 Mild	 Mucosal muscularis	 1/3 basement Crypt destruction
2	 Severe	 Muscular layer	 2/3 basement Crypt destruction
3	‑	  Serous layer	 Only complete surface epithelium
4	‑	‑	   All epithelial damage

Figure 1. Amino acid sequence of mTNF‑α and diagram of the 8‑branched 
complex MAP vaccine structure. Gray‑labeled amino acid was the domi-
nant epitope peptide of mTNF‑α. The predicted mTNF‑α predominant B‑cell 
epitope peptide LTLRSSSQNSSDKPV and IL‑1β universal helper T‑cell 
epitope peptide VQGEESNDK were synthesized and connected to form a 
complex peptide. Then, the resulting molecule was coupled with eight amino 
terminals of the eight lysine residues located at the end of the MAP core 
structure. mTNF‑α, murine tumor necrosis factor‑α; IL‑1β, interleukin‑1β; 
MAP, multiple antigenic polypeptide.
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Effects of vaccination on DAI scores of UC mouse. The DAI 
score of the blank control group was 0 throughout the experi-
ment. The DAI score of the UC model group was 0 for the 
first 2 days of 5% DSS consumption. DAI scores gradually 
increased with the duration of DSS consumption, peaking 
at 9.12 on day 7. After DSS termination, the values began 
to decline and dropped to 5.69 on day 21. The DAI score of 
the immunization group was 0 for the first 3 days of 5% DSS 
consumption. It gradually increased with the duration of DSS 
consumption and peaked at 6.92 on day 7; the values decreased 
to 1.03 on day 21 (Fig. 3). Antibody titers gradually increased 
over 3 weeks. As the antibody titers increased, the difference 
between the DAI scores of the immunized and UC groups 
gradually increased. The results showed that DSS induced 
less colonic damage in the immunization group, and repair of 
the colonic damage in the immunization group was faster and 
more efficient compared with the UC model group.

Serum DAO levels in immunized mice. To assess the perme-
ability of the intestinal mucosa in mice, serum DAO levels 
in mice were measured using the double antibody sandwich 
ABC‑ELISA method at 7 weeks after the first immunization. 

Serum DAO levels in UC model group were 3.38±0.54 and 
1.56±0.37 U/ml in the immunization group, a statistically signif-
icant difference was identified between the two groups (P<0.05). 
Compared with the blank control group (1.06±0.29 U/ml), no 
significant difference was identified in the immunization group 
(Fig. 4A). These results indicate that the complex MAP vaccine 
can protect intestinal mucosal cells in mice.

Bacterial growth in mesenteric lymph nodes after immuni‑
zation. Following blood collection in week 7, the mice were 
dissected. Mesenteric lymph nodes were collected and homog-
enized; the colonies were then counted following inoculation 
and culture. The permeability of the intestinal mucosa was 
evaluated by comparing the mean number of colonies among 
the three groups of mice. The results showed that bacterial 
translocation did not occur in the mesenteric lymph nodes in 
the blank control group. The colony count of mesenteric lymph 
nodes in the UC model group was 3.1±0.88; a significantly 
reduced bacterial count was obtained in the immunization 
group (1.2±0.67; P<0.05; Fig. 4B). The results showed that the 
complex MAP vaccine can reduce intestinal bacterial translo-
cation to a certain extent.

Figure 2. Immunological effects of the complex MAP vaccine. (A) Binding affinity with the commercialized anti‑mTNF‑α antibodies. The binding affinity of 
the complex MAP vaccine with mTNF‑α whole protein antibodies was weaker compared with that of murine TNF‑α protein, but significantly stronger compared 
with that of the MAP‑VQGEESNDK or epitope oligopeptide. Mean ± SD. n=3. **P<0.01 vs. negative serum; ∆∆P<0.01 vs. TNF‑α protein, MAP‑VQGEESNDK 
or epitope peptide. (B) Dynamic changes of anti‑MAP antibody titers in murine serum. Mean ± SD. n=3. **P<0.01 vs. other three groups. (C) Specificity of 
murine antisera against MAP as detected by Western blotting. (D) Effects of antisera on bioactivity of mTNF‑α. Recombinant mTNF‑α and antisera of various 
groups were co‑cultured with L929 cells, followed by LDH release assay to assess the cytotoxicity of mTNF‑α to L929. The results showed that the cytotoxicity 
in the eight‑branched complex MAP vaccine antiserum group was significantly lower compared with the value of any other group (P<0.01), and there was 
no difference among other four groups (P>0.05). The TNF‑α activity in the vaccine group was primarily inhibited by the specific antibody. Mean ± SD. n=3. 
*P<0.01 vs. other four groups. mTNF‑α, murine tumor necrosis factor‑α; MAP, multiple antigenic polypeptide; LDH, lactate dehydrogenase.
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Protein expression levels of claudin 1, occludin and ZO1 in 
colon tissue samples after immunization. To evaluate the 
integrity of the mouse intestinal mucosa, western blot analysis 
was used to detect the expression levels of claudin1, occludin 
and ZO1 in colon tissue samples from mice in each group. 
With GAPDH as an internal reference gene, the ZO1 band 
was primarily concentrated at ~194 kDa, while occludin and 
claudin 1 were found at ~59 kDa, and 20‑23 kDa, respectively 
(Fig. 4C). The results, analyzed by the BandScan 5.0 software, 
showed that the expression levels of claudin 1, occludin and 
ZO1 in samples from the UC model group were significantly 
lower compared with those of the blank control group (P<0.05). 
Compared with the blank control group, the expression levels 
of claudin1, occludin and ZO1 in the immunization group 
were also decreased, but significantly higher compared those 
in the UC model group (P<0.05; Fig. 4D).

Histological damages and HI scores after immunization. In 
the UC model group (Fig. 5A), H&E staining of murine colon 
samples showed incomplete colon mucosa, multifocal ulcers 
with exudation, primarily damaged epithelial cells and glands, 
a large number of infiltrated inflammatory cells, evidently 
decreased goblet cells, submucosal edema, lymph node 
aggregation, and crypt abscesses. In the blank control group 
(Fig. 5B), the colonic mucosa was intact with the glands neatly 
arranged. There was no evident inflammatory cell infiltration. 
The colonic mucosa of the immunization group was relatively 
intact, and few shallow ulcers were observed (Fig. 5C). The 
majority epithelial cells and glands were intact with limited 
inflammatory cell infiltration; no evident edema was observed 
in the submucosal layer. The mean HI score of the UC model 
group was 6.75±0.62, which was significantly higher compared 

with that of the blank control group. The mean HI score of the 
immunization group was 2.95±0.37, which was significantly 
lower compared with that of the UC model group (Fig. 5D).

Epithelial ultrastructure observed by TEM. In the UC model 
group (Fig.  5E), evident mucous epithelium injuries were 
detected by TEM, such as severe cellular edema, atrophic 
and sparse microvilli, shortened and broadened tight junction 
complex, and enlarged intercellular gaps. In the blank control 
group (Fig. 5F), the columnar mucosal epithelia were intact 
with microvilli neatly and densely arranged, and the tight 
junction complexes were closely connected without visible 
gaps. Compared with the UC model group, the ultrastructure 
of ileac mucous epithelia in the immunization group was rela-
tively normal with slight edema in a few epithelial cells, and 
the slightly atrophic microvilli were arranged a bit disorderly 
(Fig. 5G). Intercellular tight junction complexes were evident 
and intact.

MPO activity in colon tissue homogenates after immuniza‑
tion. To evaluate the degree of colon inflammation in mice, the 
authors determined MPO activity in colon tissue homogenates 
from various groups. The results showed that MPO activity in 
the UC model group was 2.59±0.23, which was significantly 
higher compared with that in the blank control group (0.89±0.12) 
and immunization group (P<0.01), indicating that mice in the 
UC model group had more severe colon inflammation. MPO 
activity in colonic homogenates from the immunization group 
was 1.35±0.17; although it was significantly higher compared 
with that of the blank control group (P<0.05), this value was 
significantly lower compared with that of the UC model group 
(P<0.01) (Fig. 5H). These findings indicated that the level of 
colon inflammation in the immunization group was lower 
compared with that in the UC model group.

Discussion

TNF‑α has attracted increasing attention as a promising autolo-
gous molecule for UC treatment (7,8,26‑29). The current study 
aimed to induce high antibody titers in vivo by optimizing 
the immunization strategies. Using the eight‑branched MAP 
design and inserting the IL‑1β helper T‑cell epitope peptide 
significantly enhanced the antigenicity of the predicted TNF‑α 
B‑cell epitope peptide LTLRSSSQNSSDKPV. After BALB/c 
mouse immunization with this complex MAP vaccine, 
polyclonal antisera were obtained. ELISA showed that the 
eight‑branched MAP could induce high TNF‑α antibody 
titers in vivo, which significantly increased to 119,000 after 
two immunizations (4 weeks). This time point was selected 
for subsequent UC experiments to assess the complex MAP 
vaccine in the alleviation of UC as mice already had more 
anti‑TNF‑α antibodies. However, the individual B cell epitope 
peptide, MAP‑VQGEESNDK and TNF‑α protein could not 
induce detectable autoantibodies in vivo, indicating that the 
designed complex MAP vaccine conformation can effectively 
break through immune tolerance and greatly enhance the 
immunogenicity of autoantigens.

As aforementioned, the complex MAP vaccine antiserum 
showed a clear band at ~17 kDa, while the mTNF‑α recombi-
nant protein, epitope peptide and MAP‑VQGEESNDK antisera 

Figure 3. Mice DAI scores and serum antibody titers after drinking DSS. 
From the beginning of DSS administration, DAI scores were recorded daily 
and serum antibody titers weekly for a total of 3 weeks. Throughout the 
whole process, the DAI score of the blank control group was 0; No antibody 
titers were detected in the blank control group and the UC model group. 
The DAI score of the UC model control group was 0 the first 2 days of 5% 
DSS consumption, reaching the highest value of 9.12 on day 7; the values 
gradually decreased after DSS discontinuation. On day 21, scores aver-
aged 5.69. The DAI score of the immunization group the first 3 days was 0, 
reaching the highest value of 6.92 on day 7, before declining significantly to 
1.03 on day 21. Antibody titers in the immunization group was 1:4,900 on 
day 1. Then, the antibody titers increased to 1:115,000 on day 7, 1:14,900 on 
day 14 and 1:15,100 on day 21. As the antibody titers increases, the difference 
between the DAI score of the immunization group and the DAI score of the 
UC model group gradually increases. UC, ulcerative colitis; DSS, dextran 
sulfate sodium; DAI, disease active index.

https://www.spandidos-publications.com/10.3892/ijmm.2019.4271
https://www.spandidos-publications.com/10.3892/ijmm.2019.4271


SUN et al:  VACCINE ALLEVIATES MURINE ULCERATIVE COLITIS 1113

showed no evident bands at the corresponding position. These 
results showed that mTNF‑α could not induce a specific 
humoral immune response in vivo, and the eight‑branched 
MAP design could enhance the immunogenicity of the B‑cell 
epitope LTLRSSSQNSSDKPV, inducing polyclonal antibody 
specificity binding to TNF‑α. The authors further assessed 
the biological effect of the specific antibodies using the LDH 
release assay, and confirmed that the complex MAP vaccine 
induced specific antibodies and can significantly inhibit the 
bioactivity of TNF‑α.

Chey  (30) applied the TNF‑α antibody infliximab to 
16 patients with UC with 88% of them demonstrating improved 
clinical symptoms, colonoscopy and histology results for up to 
4 months, indicating that infliximab can alleviate the clinical 
symptoms of UC. In the UC mouse model, the anti‑TNF‑α 
complex MAP vaccine significantly improved the body 
weight, reduced the symptoms of bloody stool and diarrhea, 
and decreased DAI scores, in agreement with the therapeutic 
effects of TNF‑α antibodies in passive immunotherapy of 
patients with UC. Moreover, the immunization group showed 
a delayed increase in DAI values and lower peak DAI values, 
and MPO activity in colonic tissue in the immunization group 

was significantly lower compared with the UC model group. 
Meanwhile, inflammatory cell infiltration in the mouse colon 
tissue was reduced, the morphological structures of mucosal 
epithelial cells and crypts improved, and HI scores decreased. 
Taken together, these findings demonstrate that the complex 
MAP vaccine had a certain preventive effect on UC incidence 
and the occurrence of severe symptoms.

The increased intestinal mucosal permeability of patients 
with UC is the primary indicator of intestinal mucosal 
barrier function (31‑34). DAO is a highly active intracellular 
enzyme in the villous cell cytoplasm of the upper layer of the 
mammalian intestinal mucosa. After damage and necrosis 
of intestinal mucosal cells, the cells enter into the intestine, 
leading to increased blood DAO activity (35). Under normal 
circumstances, the intestinal barrier can effectively block 
intestinal parasites and endotoxin to the intraluminal displace-
ment (36). When a variety of factors cause intestinal barrier 
damage, increased permeability, and bacterial translocation 
may occur. Thus, serum DAO activity and bacterial transloca-
tion can reflect the function of the intestinal barrier. Studies 
have shown that tight junction complexes between intestinal 
epithelial cells have an important role in maintaining intestinal 

Figure 4. Assessment of intestinal mucosal permeability. (A) The serum DAO content of each group was determined by double antibody sandwich ABC‑ELISA. 
The serum DAO content was 3.38±0.54 U/Ml in the UC model group, 1.56±0.37 U/Ml in the immunization group, and 1.06±0.29 U/Ml in the blank control 
group, indicating significantly lower levels in the immunization group compared with the UC model group, *P<0.05, vs. UC model group. The serum DAO level 
in the immunization group is slightly higher than the blank control group. *P<0.05, vs. blank control group. (B) Mouse colorectal lymph nodes were harvested, 
and bacterial colonies were counted after culture. The blank control group had no bacterial growth. The colony count of mesenteric lymph nodes in the model 
group was 3.1±0.88, while 1.2±0.67 was obtained for the immunization group. The accounts in the latter group was higher than the blank control group, but 
significantly lower compared with the UC model group. *P<0.05 vs. UC model group or blank control group. (C) Western blotting was used to evaluate the 
expression levels of claudin1, occludin and ZO1 in colon tissues. With GAPDH as an internal reference, the ZO1 band was primarily concentrated at about 
194 kDa, while occludin and claudin 1 were found ~59 kDa, and 20‑23 kDa, respectively. (D) The Western blotting results were also analyzed by the BandScan 
5.0 software. Compared with the blank control group, the expression levels of ZO‑1, occludin and claudin1 were decreased in the UC model group (∆∆P<0.05). 
In the immunization group, the protein expression was lower compared with the blank control group, but was higher compared with the UC model group, which 
indicating that immunization with the complex MAP vaccine upregulated ZO‑1, occludin and claudin1 (**P<0.05 vs. UC model group or blank control). DAO, 
serum diamine oxidase; UC, ulcerative colitis; MAP, multiple antigenic polypeptide.
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Figure 5. Evaluation of histological injury in murine intestine. (A) The UC model group had no complete colonic mucosa, with massive purulent exudate and 
mucosal hemorrhage; most goblet cells and glands were damaged, as well as evident inflammatory cells infiltration and crypt abscess (magnification, x200). 
(B) The colonic mucosa of the blank control group was intact with glands neatly arranged. There was no evident inflammatory cell infiltration (magnification, 
x200). (C) The colonic mucosa of the immunization group was relatively intact with few inflammatory cells infiltrated; goblet cells were slightly reduced 
(magnification, x200). (D) Histological damage HI scores. HI scores in the UC model group were 6.75±0.62, significantly higher compared with those of the 
blank control group. HI scores of the immunization group were 2.95±0.37, significantly higher compared with those of the blank control group and markedly 
lower compared with those of the UC model group. **P<0.01 as vs. blank control, ∆∆P<0.01 as vs. immunization group. (E) Detected under TEM, evident cellular 
edema, atrophic and sparse microvilli, shortened and broadened tight junction complex and enlarged intercellular gaps were observed in the UC model group 
(magnification, x10,000). (F) In the blank control group, the columnar mucosal epithelia were intact with microvilli neatly and densely arranged, and the tight 
junction complexes were closely connected without visible gaps (magnification, x10,000). (G) The ultrastructure of ileac mucous epithelia in the immunization 
group were relatively normal with slight edema, and the slightly atrophic microvilli were a bit confusedly arranged. Intercellular tight junction complex was 
rather clear and intact (magnification, x10,000). (H) MPO activity in colon tissue homogenates after immunization. MPO activity in colonic homogenates from 
the UC model group was significantly higher than that of the blank control and immunization groups. MPO activity in the immunization group was higher than 
that of the blank control group, but markedly lower compared with that of UC model group. *P<0.05 vs. blank control, **P<0.01 vs. immunization group or blank 
control. UC, ulcerative colitis; MAP, multiple antigenic polypeptide; TEM, transmission electron microscope; HI, histological index; MPO, myeloperoxidase.
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mucosal permeability (37‑40). The tight junction complexes 
primarily consist of transmembrane proteins and cytoplasmic 
proteins, and contain occludin, claudin 1, and ZO1, which 
reflects the permeability of the intestinal mucosa (38‑40). As 
demonstrated in the present study, serum DAO levels in mice 
immunized with the complex MAP vaccine were significantly 
lower compared with those of the UC model group after 
3 weeks of DSS consumption. Although the bacterial colony 
count in lymph nodes of the immunization group was higher 
compared with that of the blank control group, it was signifi-
cantly lower compared with that of the UC model group. The 
expression levels of occludin, claudin1 and ZO1 in colonic 
tissue homogenates of UC mice were significantly enhanced 
by the complex MAP vaccine. The aforementioned findings 
suggested that the newly‑synthesized complex MAP vaccine 
can improve the permeability of the intestinal mucosa in mice, 
promoting repair of the intestinal mucosal barrier function.

In the current study, the eight‑branched MAP vaccine exhib-
ited good antigenicity and immunogenicity, showing significant 
anti‑UC activity in vivo. The underlying mechanism may be 
associated with the inhibition of TNF‑α biological activity 
and upregulation of tight junction proteins, as high titers were 
produced, and polyclonal antibody specificity was determined. 
However, further in‑depth studies are required to determine the 
optimal vaccine dose, optimize the immune strategy research, 
optimize the choice of adjuvant, analyze the efficacy of the 
complex MAP vaccine compared with passive immunization 
of monoclonal antibodies, and to determine whether the vaccine 
would induce autoimmune diseases or hypersensitivity reactions. 
In conclusion, the current study provides theoretical evidence 
for the further study of the synthesized complex TNF‑α B cell 
epitope MAP vaccine in the treatment of UC.
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