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Abstract. Cancer cell vaccines with strong specificity and 
low tolerance have been revealed to be a promising option 
for oncology treatment. Various antigen forms, including 
tumor cell lysate and glutaraldehyde‑fixed tumor cells, have 
been intensively used in cancer vaccine preparation. However, 
the most effective antigen form has not yet been identified. 
In the present study, the antitumor efficiency of vaccines 
prepared by these two antigen forms was systematically 
investigated. Murine H22 hepatocellular carcinoma cell lysate 
and glutaraldehyde‑fixed H22 hepatocellular carcinoma cells 
were conjugated with Freund's adjuvant to prepare vaccines, 
H22‑TCL and Fixed‑H22‑CELL, respectively. H22‑TCL 
and Fixed‑H22‑CELL were administrated by subcutaneous 
immunization in prophylactic and therapeutic strategies. The 
results of the present study revealed that H22‑TCL immuni-
zation induced more significant inhibition on tumor growth 
and metastasis compared with Fixed‑H22‑CELL injection. 
Furthermore, histopathological observation demonstrated 
that H22‑TCL vaccine induced larger areas of continuous 
necrosis within tumors compared to the Fixed‑H22‑CELL 
vaccine, which was associated with the extent of tumor 
inhibition. More importantly, the H22‑TCL vaccine injection 
elicited more evident antigen‑specific antibody responses 
compared with the Fixed‑H22‑CELL injection. Splenocytes 
from H22‑TCL vaccinated mice also exhibited a more 

significant T lymphocytes proliferation compared with that 
from Fixed‑H22‑CELL‑treated mice. All the results indicated 
that whole tumor cell lysate may be a more effective antigen 
form in cancer vaccine preparation compared with glutaral-
dehyde‑fixed tumor cells, which elicited more marked antigen 
specific humoral and cellular immune responses resulted with 
a superior antitumor efficiency. This would have important 
clinical signification for cancer vaccine preparation and serve 
a role in prompting this to other researchers.

Introduction

Immunotherapy has become an important alternative option 
in oncology treatment, which represents a promising method 
for patients due to its specificity for tumor cells and sustained 
immunological memory that may safeguard against recur-
rences  (1). Application of tumor vaccines to elicit antigen 
specific immune responses for cancer treatment is a hot area 
of immunotherapy research. Inactivated whole tumor cells 
providing the total array of antigens expressed by the indi-
vidual tumor are the most commonly utilized antigen types in 
tumor vaccine research (2‑4).

Currently, the known vaccine types utilized as whole tumor 
cells include irradiated tumor cells, glutaraldehyde‑fixed tumor 
cells and tumor cell lysates (5‑9). In particular, along with the 
development of tumor adjuvant, the efficiency of whole tumor 
cell vaccines has been markedly improved. In a previous study, 
a whole hepatocellular carcinoma cell lysate‑based vaccine 
with diphtheria toxin and two tandem repeats of mycobacterial 
HSP70 fragment 407‑426 (M2) as adjuvant exhibited modest 
antitumor effects in the preventive procedure (10,11).

Although whole tumor cell vaccines have already been 
widely studied, vaccine therapy has yielded suboptimal clinical 
results in therapeutic procedures (12,13). Furthermore, it is not 
clear which antigen form is more effective in cancer vaccine 
preparation. Therefore in the present study, tumor cell lysate 
(TCL) and glutaraldehyde‑fixed tumor cells, two commonly 
used antigen forms, were investigated to improve the present 
vaccine strategy. Murine H22 hepatocellular carcinoma cell 
lysate and glutaraldehyde‑fixed H22 hepatocellular carcinoma 
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cells were conjugated with Freund's adjuvant to prepare 
vaccines, H22‑TCL and Fixed‑H22‑CELL, respectively. The 
antitumor efficacy of these two vaccines was evaluated using 
a subcutaneous hepatocellular carcinoma and an experimental 
metastasis model. Subsequently, the elicited H22‑specific 
antibodies were detected using the enzyme‑linked immuno-
sorbent assay (ELISA) method. An MTT assay was performed 
to determine the proliferation ability of lymphocytes from 
immunized mice. Finally, histochemistry analysis was 
performed to further visualize the necrosis in tumor tissues.

Materials and methods

Mice and cell lines. Male ICR mice, 3‑4 weeks old (weighing 
19‑22 g), were purchased from Changzhou Cavens Experimental 
Animal Co. Ltd (Changzhou, Jiangsu, China). Mice were 
maintained at 20‑26˚C in pathogen‑free conditions at a relative 
humidity of 40‑65% in a 12:12 h light‑dark cycle and fed ad 
libitum. All procedures in animal experiments were approved 
by the Animal Study Committee of Binzhou Medical University 
(Yantai, Shandong, China). H22 murine hepatocellular carci-
noma cell line was purchased from The Type Culture Collection 
of the Chinese Academy of Sciences (Shanghai, China). Cells 
were cultured in RPMI‑1640 (HyClone, GE Healthcare, Logan, 
UT, USA) supplemented with 10% fetal bovine serum (HyClone, 
GE Healthcare), 100 µg/ml streptomycin and 100 U/ml peni-
cillin at 37˚C with 5% CO2.

Vaccine preparation. H22 cells were collected from the 
tissue culture f lask and washed three times with PBS, 
then suspended in PBS so that each 1 ml contained 1x107 
H22 cells. A total of 100 µl cell suspension was lysed by 
five cycles of freezing in ‑20˚C for 30 min and thawing in 
37˚C for 10 min and 100 µl cell suspension was fixed with 
0.025%  glutaraldehyde at room temperature for 20  min, 
subsequently fixed cells were washed three times with PBS. 
The H22 cell lysates and glutaraldehyde‑fixed H22 cells 
were mixed with Freund's adjuvant (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) (1:1). The mixed method 
was as follows (14), H22 tumor cell lysate was mixed with 
Freund's adjuvant and a syringe was used to mix repeatedly 
and to form stable water‑in‑oil emulsion, which was named 
H22‑TCL. Similarly, glutaraldehyde‑fixed H22 cells were 
mixed with Freund's adjuvant using the same method to 
prepare the Fixed‑H22‑CELL vaccine.

Immunization protocols in tumor models. A total of three 
groups of 18 male ICR mice (in prophylactic, therapeutic or 
lung metastasis model, respectively) were randomly divided 
into three further groups of six animals each, which were 
treated with 100  µl PBS, H22‑TCL or Fixed‑H22‑CELL, 
respectively. Vaccines were administrated using prophylactic 
or therapeutic strategies. For each immunization strategy, 
mice were subcutaneously immunized with separate vaccines 
or PBS in the left inguinal lymph node area.

In the prophylactic strategy, mice were immunized on days 
‑28, ‑21, ‑14 and ‑7. Subsequently, the tumor challenge experi-
ment was performed by subcutaneously injecting 1x106 H22 
cells into the right flank on day 0. Sera were collected weekly 
for immunoassay following initial immunization.

In the therapeutic strategy, mice were injected with 1x106 
H22 cells into the right flank on day 0 and then immunized 
with separate vaccines on days 3, 10 and 17. Tumor volume 
was evaluated every other day one week after the tumor chal-
lenge. The tumor volume was determined using the formula: 
Volume =0.52XY2, where ‘X’ is the larger diameter and ‘Y’ is 
the smaller diameter. On day 21, all mice in each group were 
sacrificed for tumor weight evaluation.

A further 18 male ICR mice were randomly divided into 
three groups of six animals in each, and mice were immunized 
on days ‑28, ‑21, ‑14 and ‑7 as described above, and then intra-
venously injected in the tail with 5x105 H22 cells on day 0 to 
establish a lung metastasis model (15). On day 21, all mice were 
sacrificed and the lungs were removed, followed by perfusion 
with 2‑3 ml of Indian ink (Sangon Biotech Co., Ltd., Shanghai, 
China) using 22‑gauge gavage needles and subsequently the 
excised lungs were fixed with 10% formalin for 36 h at room 
temperature. Lung metastasis was evaluated macroscopically 
by counting the metastatic nodules that were clearly visible on 
the lung surface. For microscopic observation, formalin‑fixed 
lung tissues were stained with hematoxylin‑eosin (H&E) for 
5 h at room temperature and the examined by light microscopy 
(magnification, x100).

ELISA analysis for serum anti‑H22 antibody. A total of six 
mice of the three immunized groups in the prophylactic strategy 
were administered with separate vaccines every week for 
four consecutive weeks, and serum was collected every week 
following initial immunization. The anti‑H22 antibodies present 
in the serum were evaluated using an ELISA, as described 
previously (16). Briefly, 96‑well flat‑bottomed ELISA plates 
were coated with 10 µg/well of whole H22 cell lysates protein. 
Sera diluted at 1:50, and horseradish peroxidase‑conjugated 
rabbit anti‑mouse IgG (Beyotime Institute of Biotechnology, 
Haimen, China) diluted at 1:100,000 were used at 37˚C for 
2 h. The enzyme reaction was developed using the peroxidase 
substrate 3,3', 5,5'‑tetramethylbenzidine for 15‑30 min at 37˚C, 
and quenched using H2SO4 (2 M) for 1 min at room tempera-
ture. The ELISA plate was read using a standard ELISA reader 
at 450 nm. Each evaluation was performed in triplicate.

T cell proliferation assay. Following one week after the final 
immunization of the prophylactic strategy, splenocytes were 
isolated from sacrificed mice of each immunized and PBS 
group. Firstly, spleens were ground and passed through a 
200 µm filter under sterile conditions. Erythrocytes were lysed 
at room temperature using Tris‑NH4Cl for 5 min (pH 7.2). 
The splenocytes were washed three times with PBS and 
resuspended in RMPI‑1640 supplemented with 10% FBS. The 
spleen cells (2x105 cells/well) were incubated in triplicate in 
96‑well plates for 72 h in the presence or absence of H22 cell 
lysate (100 µg/ml) at 37˚C. ConA (5 µg/ml) was used as a posi-
tive control. Cell proliferation was analyzed by MTT assay. 
Following a 72‑h incubation, the supernatant in each well was 
discarded and 10 µl MTT (5 mg/ml) was added to each well. 
Following incubation at 37˚C for an additional 4 h, 100 µl 
dimethyl sulfoxide was pipetted to solubilize the product for 
10 min at room temperature. Subsequently, the 96‑well plate 
was evaluated using an ELISA reader at 570 nm. All assays 
were performed in triplicate.
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Histological evaluation of the subcutaneous tumor tissues. 
Subcutaneous tumor tissues were fixed with 10% formalin, 
embedded in paraffin and cut into 4  µm sections. H&E 
staining was then performed on tissues sections for 5 h at 
room temperature. All tissue sections were evaluated by light 
microscopy, at magnification, x100 for histological changes 
that may be associated with the treatment.

Toxicity assessment. The treatment‑associated toxicity was 
mainly evaluated by analyzing the mice weight alterations. The 
tissues (heart, liver, spleen, lung and kidney) were then fixed 
with 10% formalin and embedded in paraffin. The 4 µm tissue 
sections were stained with H&E for 5 h at room temperature, 
and evaluated by light microscopy, at magnification, x100.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Multiple comparisons were analyzed using one‑way 
analysis of variance with Tukey's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference. 
Analysis was performed in GraphPad Prism 6 (GraphPad 
Software, La Jolla, CA, USA).

Results

H22‑TCL vaccination induces prophylactic anti‑hepatocel‑
lular carcinoma effects. A vaccination protocol was designed 
as shown in Fig. 1A to analyze the prophylactic anti‑hepato-
cellular carcinoma effect. As presented in Fig. 1B, PBS‑treated 
mice developed rapidly progressive disease following tumor 

inoculation. Conversely, H22‑bearing mice treated with 
Fixed‑H22‑CELL or H22‑TCL exhibited slower tumor growth, 
and the inhibition effect of H22‑TCL was the most significant. 
The excised tumor weight revealed similar results, although 
the groups of mice immunized with Fixed‑H22‑CELL and 
H22‑TCL exhibited a significantly lower mean tumor weight 
compared with the PBS group (Fig. 1C; P<0.05). The tumor 
weight of mice immunized with H22‑TCL was significantly 
decreased compared with mice treated with Fixed‑H22‑CELL 
(Fig. 1C; P<0.05). The sections of excised tumors were stained 
with H&E and viewed using a microscope, and the tumor 
sections from the H22‑TCL and Fixed‑H22‑CELL groups 
were detected with degeneration necrosis in tumor cells and 
the tumor cell nucleus were dissolved. Conversely, these 
phenomena were not present in tumor tissue sections from 
PBS‑treated mice (Fig. 1D).

H22‑TCL vaccination induces therapeutic anti‑hepatocel‑
lular carcinoma effects. More relevant to the treatment of 
tumor is the therapeutic potential, thus, a therapeutic vaccina-
tion protocol was designed as shown in Fig. 2A. The results 
in the therapeutic strategy were in accordance with that of 
prophylactic strategy. In comparison with the PBS‑treated 
group, tumor growth was significantly inhibited in mice 
immunized with H22‑TCL or Fixed‑H22‑CELL (Fig. 2B). 
Furthermore, the tumor growth of the H22‑TCL group was 
significantly slower compared with the Fixed‑H22‑CELL 
group (P<0.05). The excised tumor weight revealed similar 
results, as the group of mice immunized with H22‑TCL 

Figure 1. Prophylactic antitumor effect induced by various vaccines in subcutaneous H22 hepatocellular carcinoma‑bearing mice. Male ICR mice (n=6 
per group) were inoculated subcutaneously with PBS, H22‑TCL or Fixed‑H22‑CELL on days ‑28, ‑21, ‑14 and ‑7. On day 0, 1x106 H22 cells were injected 
subcutaneously for tumor challenge. All mice were sacrificed and tumors were excised on day 21. (A) Schematic diagram of the immunization procedure. 
(B) In vivo evaluation of tumor growth, each line represents a single mouse. Tumor volume was determined using calipers every other day. (C) Weight of tumor 
from mice immunized with PBS, H22‑TCL or Fixed‑H22‑CELL. (D) Histopathological observation of excised tumor tissues (hematoxylin and eosin staining; 
magnification, x200). Tumor necrosis areas are indicated with an arrow. *P<0.05 vs. PBS; **P<0.01 vs. PBS. #P<0.05 vs. Fixed‑H22‑CELL.
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Figure 2. Therapeutic antitumor effect induced by various vaccines in subcutaneous H22 hepatocellular carcinoma‑bearing mice. Male ICR mice (n=6 per 
group) were injected subcutaneously with 1x106 H22 cells on day 0, and injected with PBS, H22‑TCL or Fixed‑H22‑CELL on days 3, 10 and 17. Mice were 
sacrificed and tumors were excised on day 21. (A) Schematic diagram of the immunization procedure. (B) In vivo evaluation of tumor growth, each line 
represents a single mouse. Tumor volume was determined using calipers every other day. (C) Weight of tumors from mice immunized with PBS, H22‑TCL or 
Fixed‑H22‑CELL. (D) Histopathological observation of excised tumor tissues (hematoxylin and eosin staining; magnification, x200). Tumor necrosis areas 
are indicated by arrows. *P<0.05 vs. PBS; **P<0.01 vs. PBS. #P<0.05 vs. Fixed‑H22‑CELL; ##P<0.01 vs. Fixed‑H22‑CELL.

Figure 3. Prophylactic inhibition on tumor metastasis induced by various vaccines. Male ICR mice (n=6 per group) administrated with PBS, H22‑TCL 
or Fixed‑H22‑CELL on days ‑28, ‑21, ‑14 and ‑7. On day 0, 5x105 H22 cells were injected intravenously for tumor challenge. On day 21, the mice were 
sacrificed and lung metastases were visualized by staining the lung parenchyma with India ink. (A) Final number of macroscopic lung metastatic nodules. 
(B) Macroscopic appearance of representative murine lungs, staining with India ink. Normal lung parenchyma was stained black and white metastatic nodules 
were clearly visible, tumor areas are indicated by white arrows. (C) Microscopic appearance of representative murine lungs, tumor areas are indicated by red 
arrows (magnification, x100). *P<0.05 vs. PBS; **P<0.01 vs. PBS. #P<0.05 vs. Fixed‑H22‑CELL; ##P<0.01 vs. Fixed‑H22‑CELL.
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exhibited the lowest mean tumor weight among the three 
groups (Fig. 2C). H&E staining of the excised tumor tissues 
from the H22‑TCL group further indicated that H22‑TCL 
immunization induced the largest areas of inflammatory 
infiltrates and continuous degenerative necrosis among the 
three experimental groups (Fig. 2D).

H22‑TCL vaccination induces prophylactic anti‑metastasis 
effects. Subsequently, the present study investigated whether 
the two vaccines could inhibit the growth of pulmonary 
metastasis. The results are presented in Fig. 3. In comparison 
with the PBS‑treated mice, the number of metastatic nodules 
following treatment with H22‑TCL or Fixed‑H22‑CELL was 
significantly reduced (Fig. 3A; P<0.01 and P<0.05, respectively 
compared with the PBS group), and the number of macro-
scopic metastatic nodules in the H22‑TCL group was the 
lowest (P<0.01 compared with the Fixed‑H22‑CELL group). 
Furthermore, microscopic evaluation supported the macro-
scopic findings, as the number of microscopic metastatic foci 
in the H22‑TCL group was the lowest (Fig. 3B and C).

H22‑TCL vaccination induces a high level of anti‑H22 anti‑
body production. In order to investigate the humoral immune 
responses elicited by various vaccines, ELISA was performed 
to determine the expression level of anti‑H22 antibodies in 
sera collected from immunized mice. Compared with the 
PBS‑treated group, H22 specific IgG antibody responses 
were more evident in mice immunized with H22‑TCL or 
Fixed‑H22‑CELL (Fig 4A; P<0.01 and P<0.05, respectively). 
In addition, the antibody expression level of the H22‑TCL 
group was significantly increased compared with that of the 
Fixed‑H22‑CELL group (P<0.05).

H22‑TCL vaccination induces a high T lymphocyte prolifera‑
tion activity. An MTT assay was performed to determine the 
proliferation ability of lymphocytes from immunized mice. 
As presented in Fig. 4B, compared with the PBS group, a 
significant increase in the proliferation of lymphocytes in 
the H22‑TCL and Fixed‑H22‑CELL treatment groups was 
revealed (P<0.01). In addition, the proliferation activity of 
lymphocytes from mice immunized with H22‑TCL was 

Figure 4. Immune responses elicited by various vaccines. Male ICR mice (n=6 per group) were immunized with PBS, H22‑TCL or Fixed‑H22‑CELL 
every week for 4 consecutive weeks. Blood was collected from each mouse every week after the initial injection to obtain sera for immunoassay. Following 
one week after the last immunization, the spleens were removed and T lymphocytes proliferative responses were assayed with H22 lysate in vitro. 
(A) Detection of specific anti‑H22 antibodies. (B) Effect of each vaccination on T lymphocytes proliferation. RPMI‑1640 media and ConA were used as 
the negative and positive controls, respectively. *P<0.05 vs. PBS; **P<0.01 vs. PBS. #P<0.05 vs. Fixed‑H22‑CELL; ##P<0.01 vs. sp16 Fixed‑H22‑CELL. 
OD, optical density.

Figure 5. General toxicity observation. Hematoxylin and eosin staining (magnification, x200) of the heart, liver, spleen, lung and kidney. (A) PBS, (B) H22‑TCL 
and (C) Fixed‑H22‑CELL vaccines.
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significantly increased compared with that from mice 
immunized with Fixed‑H22‑CELL (P<0.01).

Toxicity observation. All mice appeared generally healthy, 
without any noteworthy changes in appearance, fur, habits and 
body weight following vaccine immunization. The effects of 
the vaccines on normal tissues (heart, liver, spleen, lung and 
kidney) were further examined. No pathologic changes were 
observed in the organs of the immunized mice macroscopi-
cally (Fig. 5). Microscopic examination also revealed that 
H22‑TCL and Fixed‑H22‑CELL vaccines induced no damage 
in the organs excised from immunized mice.

Discussion

Hepatocellular carcinoma is reported to be the second leading 
cause of cancer‑associated mortality worldwide, and its inci-
dence is rising (17). However, notwithstanding great advances, 
no systemic chemotherapeutic protocol has proved to be 
successful in HCC treatment (18). Along with the development 
of immunology and further understanding of the mecha-
nisms of tumorigenesis, tumor cell vaccines have become a 
new cancer treatment research. Compared with traditional 
therapies, tumor cell vaccines have the characteristic of strong 
specificity, broad antitumor spectrum, low tolerance and have 
obtained success in clinical trials (19,20).

Although cancer cell vaccines have been studied as a 
promising cancer treatment strategy for decades, the antigen 
form, which is the most effective in cancer vaccine prepara-
tion, has not yet been clearly demonstrated. The antitumor 
efficiency of vaccines prepared by tumor cell lysate and 
glutaraldehyde‑fixed tumor cells, two commonly used antigen 
forms (21‑23), was evaluated in the present study. The results of 
the present study demonstrated that the tumor cell lysate‑based 
vaccine induced increased significant inhibition on tumor 
growth and metastasis compared with the glutaraldehyde‑fixed 
tumor cell‑based vaccine, which may be the result of the 
more evident antigen‑specific humoral and cellular immune 
responses. These results implied that whole tumor cell lysate 
may be a more effective antigen form in cancer vaccine prepa-
ration compared with glutaraldehyde‑fixed tumor cells, which 
would have clinical significance for cancer vaccine preparation.

Recurrence and metastasis are typically the causes of failure 
of multidisciplinary treatment for patients with HCC (24,25). 
The present study evaluated the anti‑metastasis efficacy of the 
two vaccines using the tail venous injection lung metastasis 
model. Consistent with the results of the subcutaneous tumor 
model, the inhibition of metastasis by tumor cell lysate‑based 
vaccine was increased compared with the glutaraldehyde‑fixed 
tumor cell‑based vaccine (Fig. 3). Microscopic evaluation of 
lung tissues further demonstrated that the number of micro-
scopic metastatic foci in the tumor cell lysate‑based vaccine 
group was lowest. All the results revealed that the tumor cell 
lysate‑based vaccine may be used to decrease residual or 
metastatic tumor cells for patients with HCC.

Taken together, the results from the present study suggested 
that whole tumor cell lysate immunization may evoke a stronger 
immune response compared with glutaraldehyde‑fixed tumor 
cells, which may result in a more significant inhibition on H22 
hepatocellular carcinoma growth and metastasis. Collectively, 

these results indicated that whole tumor cell lysate may be a 
more effective antigen form in cancer cell vaccine preparation. 
The findings of the present study may provide a rationale for 
the further optimization of cancer cell vaccines and prompt 
further studies.
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