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Purpose: To evaluate the effect of transcatheter arterial embolization (TAE) combined with 

radiofrequency ablation (RFA) treatment (TAE + RFA) on the expression of heat shock protein 

70 (HSP70) in residual tumors and explore the relationship between the HSP70 and CD8+ T-cell 

infiltrate surrounding residual tumors in the rabbit VX2 liver tumor model.

Materials and methods: Animals with VX2 liver tumors were randomized into four groups 

(control, TAE, RFA, and TAE + RFA) with 15 rabbits in each group. Five rabbits in each group 

were sacrificed on days 1, 3, and 7 after treatment. HSP70 expression and infiltration of CD8+ 

T-cells in the liver and residual tumors surrounding the necrosis zone were detected by immu-

nohistochemistry staining. The maximal diameters of tumor necrosis, numbers of metastases, 

and tumor growth rate were compared on day 7 after treatment.

Results: TAE + RFA achieved larger maximal diameter of tumor necrosis, lower tumor growth 

rate, and fewer metastatic lesions, compared with other treatments on day 7. The number 

of CD8+ T-cells in the TAE + RFA group was significantly higher than in other groups on 

days 1, 3, and 7. There was a positive correlation between HSP70 expression level and infil-

tration of CD8+ T-cells surrounding the residual tumor on day 1 (r=0.9782, P=0.012), day 3 

(r=0.93, P=0.021), and day 7 (r=0.8934, P=0.034).

Conclusion: In the rabbit VX2 liver tumor model, TAE + RFA activated the highest number 

of CD8+ T-cells surrounding residual tumors. TAE + RFA appears to be a beneficial therapeutic 

modality for tumor control and antitumor immune response in this model.

Keywords: transcatheter arterial embolization, radiofrequency ablation, heat shock protein 70, 

CD8+ T-cells, liver tumor

Introduction
Hyperthermic ablative therapies using radiofrequency, microwave, laser, or high-

intensity focused ultrasonography have become common adjunctive treatments for the 

local–regional control of unresectable focal malignancies.1 Radiofrequency ablation 

(RFA) provides efficacious, cost-effective management of localized cancer sites with 

survival time comparable to that of surgery in patients with hepatocellular carcinoma 

nodules.2,3 Recently, a retrospective study demonstrated that single-session transcath-

eter arterial embolization (TAE) combined with RFA treatment (TAE + RFA) was an 

effective and safe treatment in patients with unresectable liver malignancies.4

In a previous study, we demonstrated that transcatheter arterial chemoemboliza-

tion (TACE) combined with RFA (TACE + RFA) and TAE + RFA equally decreased 
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tumor growth rate and increased necrotic ratio in the rabbit 

VX2 liver tumor model, but that TACE + RFA led to more 

severe liver dysfunction.5 Hence, we confirmed that TAE + 

RFA is a beneficial therapeutic modality for treating VX2 

liver tumors in this animal model, compared to TACE + RFA, 

RFA alone, or TACE alone.5,6 Our data also demonstrated 

that the tumor growth rate decreased and the necrosis rate 

increased in the TAE + RFA group on day 7 after treat-

ment, compared to the control, TAE, and RFA groups in 

the same liver tumor model.6 In addition, the highest heat 

shock protein 70 (HSP70) expression was found in residual 

tumors in the TAE + RFA group, which could activate a 

strong antitumor immunity response.6

Thermal ablative therapy could potentially activate host 

antitumor immunity and may be of benefit in micrometastatic 

control and suppression of long-term tumor resistance.7–9 

Increasing evidence indicates that RFA might stimulate 

antitumor immunity through the induction of HSP70 

expression.10,11 Immunologic and biologic effects have been 

measured within the tumor lesion by hyperthermia induced 

by RFA.12,13 A significant enhancement of the antitumor 

CD4+ and CD8+ T-cell response was detected after RFA for 

hepatocellular carcinoma in patients with liver cirrhosis.12 

Chen et al11 found that hyperthermia induces the release 

of HSP70 from tumor cells, which activates dendritic cells 

(DCs) in a paracrine manner, leading to the uptake of tumor 

antigens chaperoned by HSP70. The subsequent presentation 

of tumor antigens to native T-cells results in the induction 

of antigen-specific cytotoxic CD8+ T-cells. In our previous 

study, different levels of HSP70 expression were found in 

the residual tumors of rabbits following treatment with TAE, 

RFA, or TAE + RFA.6 In the previous study, residual liver 

tumor animal models were generated by TAE + RFA, RFA, 

and TAE in rabbit VX2 liver tumors.6 The aim of the present 

study was to further characterize the effect of these treatments 

on the expression of HSP70 and the activating CD8+ T-cells 

in the liver and residual tumors surrounding the necrosis zone 

in the rabbit VX2 liver model. Furthermore, it was explored 

if TAE + RFA treatment could have a stronger ability to 

activate CD8+ T-cells than other ablative treatments.

Materials and methods
animals and rabbit VX2 liver tumor 
models
Animal experiments were approved by the Animal Care 

Committee of Hubei Province, People’s Republic of 

China. Adult Japanese white rabbits weighing 2.5–3.0 

kg (4–5 months old, regardless of sex) were used. All 

experiments were performed according to the guidelines 

for animal care of the Hubei Province Animal Experiments 

Committee. Animals were housed in the local animal facil-

ity in single cages for rabbits with food and drinking water 

adlibitum. The VX2 carcinoma strain was maintained by 

successive transplantation into the hind limb of carrier 

rabbits by deep intramuscular injection.5 Two weeks after 

inoculation, surgical implantation of a freshly harvested 

VX2 tumor fragment measuring 1 mm3 was embedded 10 

mm deep into the medial left liver lobe to generate liver 

tumors. To localize and measure the size of the VX2 tumor, 

magnetic resonance imaging (MRI) was performed with a 

1.5 T MRI (Magnetom Avanto; Siemens Medical Solutions, 

Erlangen, Germany) 15 days after inoculation. Subsequent 

procedures were performed when the tumors reached 

~1.5 cm in diameter, as measured by MRI. Tumors were 

successfully established in all 60 rabbit livers implanted. 

Animals were randomized into four groups (control, TAE, 

RFA, and TAE + RFA groups) with 15 rabbits in each 

group. One day before the experimental procedure, the 

epigastria and backs of all rabbits were shaved. Follow-

ing each procedure, the animals were monitored until they 

recovered from anesthesia in their cages.

control, Tae, and rFa procedures
Rabbits in the control group were subjected to no procedure 

until sample collection. TAE procedures were performed 

under digital subtraction angiography guidance. After 

celiac arteriography with a 4F Cobra C2 catheter (Terumo, 

Tokyo, Japan), a 2.7F (Terumo) coaxial catheter system 

was advanced into the left hepatic artery. After a manual 

bolus injection of contrast medium to confirm location of the 

tumor, 0.1–0.4 mL of 150–250 μm polyvinyl alcohol particles 

(Cook, Bloomington, IN, USA) mixed with contrast media 

was carefully injected (manually) through the catheter to 

embolize the tumor feeding artery, as previously described.5 

The embolization endpoint was complete stasis of antegrade 

blood flow. The RFA procedure was performed with the 

RITA 1500 system (RITA Medical Systems, Mountain View, 

CA, USA) and 14-gauge starburst multiarray electrodes, as 

previously described.6 For the TAE + RFA group, RFA was 

performed 15 minutes after TAE.

sample collection
After procedures, all animals were monitored until they recov-

ered from anesthesia and then placed in cages. Five rabbits 

from each group were sacrificed on days 1, 3, and 7 after the 

procedures. Blood samples were collected from all rabbits 

1 day before the procedures and 3 and 7 days after the proce-

dures. Plasma levels of alanine aminotransferase (ALT) and 
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aspartate aminotransferase (AST) were measured using stan-

dard enzymatic procedures. The whole liver was harvested 

after the death of each animal. The sample collection methods 

in the four groups were as previously described.6

evaluation of diameters of tumor 
necrosis and tumor growth
Seven days after the procedure, intrahepatic and extrahepatic 

metastases were counted by gross inspection and pathol-

ogy of the liver, lung, and peritoneum. The tumor was cut 

along the long axis for the evaluation of diameters of tumor 

necrosis and tumor growth. The tumor volume was calculated 

according to the following formula: a×b2/2, where “a” and 

“b” represented the maximum and minimum diameters of 

the tumor, respectively. The tumor growth rate was evaluated 

by the ratio of tumor volume before and after therapy. The 

tumor was longitudinally sectioned at 3–5 mm intervals and 

the largest slice in the middle was preserved in 4% paraform-

aldehyde for pathological analysis.

immunohistochemistry staining of hsP70 
and cD8+ T-cells
Each tissue sample was embedded in paraffin and sectioned 

at 4 μm. Two specimens were deparaffinized at 65°C 

for 2 hours and washed in phosphate-buffered saline 

(pH 7.4). The specimens were heated in boiling Tris-

 ethylenediaminetetraacetic acid (0.01 M, pH 6.0) for 

10 minutes in a microwave oven, and endogenous peroxidase 

was blocked with methanol containing 3% hydrogen peroxide 

for 10 minutes and cooled to room temperature. For immu-

nohistochemical detection of HSP70 and CD8+ T-cells, one 

specimen was incubated overnight at 4°C with mouse anti-

HSP70 (1:100 dilution; Abcam PLC, Cambridge, UK), while 

another was incubated overnight at 4°C with mouse anti-CD8+ 

(1:100 dilution; Santa Cruz Biotechnology Inc., Dallas, TX, 

USA). The sections were then incubated with an anti-mouse 

secondary antibody (REAL™ EnVision+/horseradish peroxi-

dase rabbit/mouse; Dako Denmark A/S, Glostrup, Denmark) 

for 45 minutes at room temperature. Binding reactions were 

visualized by 3-3′-diaminobenzidine tetrahydrochloride 

substrate to detect the positive cells with HSP70 and CD8+ 

expression. Negative controls were run by replacing the pri-

mary antibody with phosphate-buffered saline.

imaging analysis
Image-Pro Plus software (Version 6.0; Media Cybernetics, 

Bethesda, MD, USA) was used for imaging analysis. After 

immunohistochemistry staining, all the HSP70 slides were 

examined by two experienced pathologists in a blinded 

manner. Measurement of integrated optical density (IOD) 

of HSP70 expression in each group at different time points 

was performed as previously described.6

The number of CD8+ T-cells was also counted using 

Image-Pro Plus software. In the control group, photographs 

were taken from the border regions of the tumor and normal 

liver tissue. In the TAE, RFA, and TAE + RFA groups, pho-

tographs were taken from the residual tumor and the normal 

liver tissue surrounding the necrosis zone. Five independent 

microscopic fields (×200 magnification), representing the 

densest lymphocytic infiltrates, were selected for each rabbit 

to ensure representativeness and homogeneity.

statistical analysis
Statistical analysis was performed using Statistical Package 

for the Social Sciences Version 13.0 (SPSS Inc., Chicago, 

IL, USA). Data were expressed as mean ± standard deviation. 

One-way analysis of variance was used to compare the maxi-

mum diameter of tumor necrosis and the tumor growth rates 

in different groups on day 7. Mann–Whitney U-test was used 

to compare ALT and AST levels between the two groups at 

different time points. Mann–Whitney U-test was also used to 

compare the HSP70 and CD8+ T-cells between the two groups 

at the same time point and between two time points within 

the same group. Spearman’s rank correlation coefficient 

was used to assess correlation between variables. A P-value 

of ,0.05 was considered statistically significant.

Results
Fifteen days after tumor implantation, the maximum diameter 

of tumors for the 60 rabbits ranged from 11.8 to 17.4 mm 

(mean ± standard deviation: 14.8±3.8 mm). All the rabbits 

tolerated the surgical procedures, recovered uneventfully, 

and survived to the end of the study.

comparison liver function changes in 
different groups pre- and postprocedure
Figure 1 shows that the ALT and AST levels in the TAE + 

RFA group were not significantly different from the other 

groups on the day before the operation (P.0.05). The ALT 

and AST levels in the TAE + RFA, RFA, and TAE groups 

peaked on day 3 and decreased by day 7. The TAE + RFA 

group showed the highest ALT and AST levels on day 3 (all 

P,0.05). On day 3, the ALT and AST levels in RFA groups 

were significantly greater than in the TAE and control groups 

(P,0.05). On day 7, there was no significant difference in 

the ALT and AST levels between the TAE + RFA and RFA 

groups. On day 7, the ALT and AST levels in TAE + RFA 

and RFA groups were significantly greater than in the TAE 
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and control groups (P,0.05). The ALT and AST levels in 

the TAE + RFA group were not significantly different from 

the RFA group on day 7 (P.0.05).

effect of different treatments on the 
number of metastases, maximum 
diameters of tumor necrosis, and tumor 
growth rate on day 7
The mean maximum long- and short-axis diameters of the 

gross specimens were measured in different groups on day 7 

(Table 1). The mean maximum long- and short-axis diameters 

of tumor necrosis rate and tumor growth rate between the 

TAE + RFA group and the other groups differed significantly 

(P,0.05). Seven days after treatment, the tumor growth rate 

was significantly decreased, whereas the number of intrahe-

patic and extrahepatic metastases in the TAE + RFA group 

was the lowest compared to that in other groups (Table 2).

iOD of hsP70 expression in liver 
surrounding the necrosis zone
There was no evidence of HSP70 expression in the control 

group at any of the three time points. Occasionally hepa-

tocytes exhibited HSP70 expression in the TAE group at 

the three time points. HSP70 expression surrounding the 

coagulated tissue margins significantly increased on day 1 

in the RFA and TAE + RFA groups. The peak response in 

liver occurred on day 3 in the RFA and TAE + RFA groups 

(Figure 2).

Figure 1 changes in serum alT (U/l) and asT (U/l) levels before and after treatment.
Notes: &P,0.05: alT and asT levels in the Tae + RFA group were significantly higher compared to the other groups on day 3 after the operation. $P,0.05: alT and asT 
levels in the RFA group were significantly higher than in TAE and control groups on day 3. #P.0.05: There was no significant difference in ALT and AST levels between the 
Tae and control group on day 3 and 7. results are in response to Mann–Whitney U-test.
Abbreviations: alT, alanine aminotransferase; asT, aspartate aminotransferase; rFa, radiofrequency ablation; Tae, transcatheter arterial embolization; Tae + rFa, 
transcatheter arterial embolization combined with radiofrequency ablation.

Table 1 comparison of maximal diameter of tumor necrosis in 
different groups on day 7

Group (n) Long diameter 
(mm)

Short diameter 
(mm)

Tae + rFa (5) 14.4±1.4 8.9±1.4
rFa (5) 12.7±2.9& 6.4±1.3&

Tae (5)* 7.9±1.5&,$ 4.1±0.6&,$

control (5) 3.9±1.3&,$,# 2.1±0.7&,$,#

Notes: *Diameters of infarcted zones by Tae group. results are in response to 
one way analysis of variance. &P,0.05: Tae + rFa group compared with the other 
groups. $P,0.05: rFa group compared with Tae and control groups. #P,0.05: Tae 
group compared with the control group.
Abbreviations: rFa, radiofrequency ablation; Tae, transcatheter arterial embolization; 
Tae + rFa, transcatheter arterial embolization combined with radiofrequency ablation. 

Table 2 Tumor growth rate and number of metastases in 
different groups on day 7

Group (n) Tumor growth 
rate (%)

Number of 
metastases (n)

Tae + rFa (5) 118.97±43.11 0.6±0.5
rFa (5) 269.15±39.94& 4.8±1.9&

Tae (5) 369.48±48.31&,$ 10.4±3.4&,$

control (5) 425.48±51.31&,$,# 16.9±4.6&,$,#

Notes: results are in response to one way analysis of variance. &P,0.01: Tae + 
rFa group compared with the other groups. $P,0.05: rFa group compared with 
Tae and control groups. #P,0.05: Tae group compared with the control group.
Abbreviations: rFa, radiofrequency ablation; Tae, transcatheter arterial 
embolization; Tae + rFa, transcatheter arterial embolization combined with 
radiofrequency ablation.
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Figure 2 representative immunohistochemical analysis (×200 magnification) showing peak HSP70 expression in adjacent normal liver surrounding the liver necrosis zone 
and residual tumors on day 3.
Notes: no expression in adjacent normal liver tissue and little hsP70 expression were seen in tumor tissue in the control group. some positive hsP70 staining cells in 
liver tissue and increased hsP70 expression were observed in residual tumors in the Tae group. in the rFa group, apparent hsP70 expression in liver tissue and stronger 
hsP70 expression in residual tumors were observed. Prominent hsP70 expression in liver tissue and the highest hsP70 expression in residual tumors were seen in Tae + 
rFa group.
Abbreviations: hsP70, heat shock protein 70; rFa, radiofrequency ablation; Tae, transcatheter arterial embolization; Tae + rFa, transcatheter arterial embolization 
combined with radiofrequency ablation.
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Figure 3 shows the IOD of HSP70 expression measured 

in the liver surrounding the necrosis zone in different groups 

at different time points. The TAE + RFA group had a signifi-

cantly higher IOD than the other groups on days 1, 3, and 7. 

In the TAE + RFA group, HSP70 expression on day 3 was 

significantly higher than on day 1 (3,776.98±991.22 versus 

2,142.32±330.61, P=0.002) and day 7 (3,776.98±991.22 ver-

sus 2,158.29±412.25, P=0.001). HSP70 in the RFA group was 

significantly higher than in the controls on days 1, 3, and 7. 

In the RFA group, HSP70 on day 3 was significantly increased 

compared to the levels observed on day 1 (2,704.89±875.20 

versus 976.32±341.16, P=0.008) and day 7 (2,704.89±875.20 

versus 1,625.66±210.32, P,0.001).

iOD of hsP70 expression in residual tumors 
surrounding the tumor necrosis zone
In the RFA and TAE + RFA groups, HSP70 expression in 

residual tumor cells showed obvious staining in on day 1, 

which peaked on day 3, and dropped on day 7 (Figure 4). 

There was no significant evidence of HSP70 expression in the 

control group on any of the three observation time points.

The IOD of HSP70 expression measured in the residual 

tumor surrounding the necrosis zone in different groups 

at different time points is compared in Figure 4. The IOD 

of HSP70 expression TAE + RFA group was significantly 

higher than the other groups on days 1, 3, and 7. In the 

TAE + RFA group, HSP70 expression was significantly 

higher on day 3 than on day 1 (31,967.67±6,708.48 versus 

16,802.12±3,411.19, P,0.001) and day 7 (31,967.67±6,708.48 

versus 23,199.83±2,986.49, P=0.004). The IOD of the RFA 

group was higher than that of the controls on days 1, 3, 

and 7. In the RFA group, HSP70 was significantly higher 

on day 3 than on day 1 (11,149.78±2,228.96 versus 

7,113.22±2,404.15, P=0.005) and day 7 (11,149.78±2,228.96 

versus 6,963.66±1,845.79, P=0.003).

correlation of hsP70 levels and 
infiltration of CD8+ T-cells surrounding 
the liver and the residual tumor
There was no significant difference in the number of CD8+ 

T-cells surrounding the liver necrosis zone in the four groups 

at different time points (Table 3). The HSP70 levels in liver 

were not significantly correlated with CD8+ T-cell infiltration 

on days 1, 3, and 7 in any of the groups.

Faint infiltrate of CD8+ T-cells in the portal area was 

observed in the liver transitional zone and surrounding the 

Figure 3 iOD of hsP70 expression surrounding the liver necrosis zone.
Notes: The iOD of the Tae + RFA group was significantly higher than that of other 
groups (n=5, &P,0.01) on days 1, 3, and 7. The RFA group had significantly higher 
hsP70 expression compared with the Tae and control groups (n=5, $P,0.05) on 
days 1, 3, and 7. The IOD of the TAE group was statistically significantly higher than 
that of the control group (n=5, #P,0.05) on days 1, 3, and 7. in the Tae + rFa group, 
the iOD on day 3 was higher than on day 1 (n=5, *P,0.05) and day 7 (n=5, **P,0.05). 
results are in response to Mann–Whitney U-test.
Abbreviations: hsP70, heat shock protein 70; iOD, integrated optical density; 
rFa, radiofrequency ablation; Tae, transcatheter arterial embolization; Tae + rFa, 
transcatheter arterial embolization combined with radiofrequency ablation.

Figure 4 iOD of hsP70 expression measured in the residual tumor surrounding 
the tumor necrosis zone.
Notes: The iOD of the Tae + RFA group was significantly higher than that of other 
groups (n=5, &P,0.01) on days 1, 3, and 7. The RFA group had a significantly higher 
hsP70 expression compared with the Tae and control groups (n=5, $P,0.05) on 
days 1, 3, and 7. The TAE group was significantly higher than the control group (n=5, 
#P,0.05) on days 1, 3, and 7. in the Tae + rFa group, the iOD on day 3 was higher 
than on day 1 (n=5, *P,0.05) and day 7 (n=5, **P,0.05). results are in response to 
Mann–Whitney U-test.
Abbreviations: hsP70, heat shock protein 70; iOD, integrated optical density; 
rFa, radiofrequency ablation; Tae, transcatheter arterial embolization; Tae + rFa, 
transcatheter arterial embolization combined with radiofrequency ablation.
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residual tumors in the control group on three occasions. In the 

TAE, RFA, and TAE + RFA groups, the number of CD8+ 

T-cells infiltrated in the transitional zone and surrounding 

the residual tumor was higher on days 1 and 3 and peaked on 

day 7 (Figure 5). On day 7, significant infiltration of CD8+ 

T-cells was seen not only at the margin, but also in the center 

of residual tumors in the TAE + RFA group. However, in 

the RFA group, we only found infiltration of CD8+ T-cells 

at the margins (Figure 5).

The number of infiltrating CD8+ T-cells surrounding the 

residual tumors at different time points is shown in Table 4. 

In the TAE + RFA group, significantly more CD8+ T-cells were 

observed compared to the other groups on days 1, 3, and 7. In 

the TAE + RFA group, the number of CD8+ T-cells was higher 

on day 7 than on day 1 (73.73±6.79 versus 32.4±6.22, P,0.001) 

and day 3 (73.73±6.79 versus 47.9±10.42, P,0.001). In the 

RFA group, more CD8+ T-cells were seen on day 7 compared 

to day 1 (44.83±6.17 versus 17.27±5.12, P,0.001) and day 3 

(44.83±6.17 versus 29.67±4.78, P,0.001). The CD8+ T-cells 

in the TAE group were significantly higher than the control 

group on days 1, 3, and 7 (all P,0.05).

In the control, TAE, RFA, and TAE + RFA groups, 

HSP70 expression in residual tumor cells showed a signifi-

cant positive correlation with infiltration of CD8+ T-cells in 

the vicinity of the residual tumors on day 1 (r=0.9782, 

P=0.012), day 3 (r=0.93, P=0.021), and day 7 (r=0.8934, 

P=0.034).

Discussion
Localized hyperthermia induced by thermal ablation has 

been reported to enhance the immunogenicity of cancer 

cells concomitantly with the expression of HSPs.7–9 HSPs 

derived from tumor cells can serve as cytokines that can 

stimulate DCs and macrophages to produce proinflam-

matory cytokines and chemokines.14,15 More importantly, 

HSPs are capable of chaperoning tumor antigens to DCs 

and monocytes/macrophages and then cross-presenting the 

antigens to T-cells, and thus, induce antitumor immunity.11,16 

HSP70 is the major HSP responsible for the autocrine 

induction of chemokines by tumor cells.11

Induced HSP70 can bind to the antigenic peptides of 

the tumor cells and deliver them to macrophages and other 

antigen-presenting cells both in vitro and in vivo.17,18 Liu 

et al19 evaluated the effect of combining RFA with heat-

shocked tumor cell lysate-pulsed DC vaccination on the 

poorly immunogenic B16F10-luc melanoma. They found 

that this combined treatment induces strong and durable 

T-cell–mediated tumor-specific immunity that results in the 

efficient destruction of remnant tumor cells and prevents 

tumor recurrence following RFA. This immunity was 

mediated mainly by CD8+ T-cells.19

Wissniowski et al20 found a marked increase of CD3+ 

T-cells not only at the margin between thermically altered 

normal liver and tumor, but also within the center of the 

tumor 2 weeks after RFA. Pulmonary metastases were 

reported to spontaneously regress following RFA in renal 

cell carcinoma.21,22 RFA may be involved in stimulating the 

host immune system, similar to the effect of immunotherapy 

using interferon.22 In addition, Schueller et al8 observed an 

increased cytotoxic T-lymphocyte response against human 

hepatocellular carcinoma after hyperthermia.

In the present study, we found a marked increase of CD8+ 

T-cell infiltrate surrounding the residual tumors in the RFA 

group and especially in the TAE + RFA group on day 7. This 

phenomenon is consistent with the Wissniowski et al20 study, 

although we measured CD8+ T-cells instead of CD3+ T-cells. 

These inflammatory infiltrates are suspected to be the area in 

which tumor antigens are presented to CD8+ T-cells.

The surviving tumor and tissue cells undergo heat shock, 

leading to increased HSP70 expression, which may form 

complexes with antigenic peptides, enhance their antigenicity, 

and direct them to major histocompatibility complex class I 

and II pathways for presentation to T-cells.8,23,24 In our study, 

apparent HSP70 expression was found in liver in the TAE, 

RFA, and TAE + RFA groups on days 1, 3, and 7. How-

ever, there was no significant difference in the number of 

CD8+ T-cell infiltrates surrounding the liver necrosis zone in 

these groups on any of the days. The HSP70 levels in liver did 

not show a significantly positive correlation with the number 

of CD8+ T-cells on any day or in any group. Our data agree 

with Srivastava16 that it is not HSP70 expressed in normal 

tissue, but tumor-derived HSP70 as a potent adjuvant that 

can facilitate the presentation of tumor antigens and induces 

antitumor immunity.

Table 3 The number of cD8+ T-cells infiltrated in the liver sur-
rounding the liver necrosis zone in different groups at different 
time points

Group (n) 1 day 3 days 7 days

Tae + rFa (5) 6.9±2.1 7.9±2.4 10.7±3.8
rFa (5) 7.1±1. 2 5.7±3.1 7.3±2.1
Tae (5) 5.5±1. 8 5.5±4.0 7.3±1.6
control (5) 2.4±0.8 2.9±0.1 6.2±1.5

Notes: There was no significant difference in the four groups on days 1, 3, and 7. 
results are in response to Mann–Whitney U-test.
Abbreviations: rFa, radiofrequency ablation; Tae, transcatheter arterial embo-
lization; Tae + rFa, transcatheter arterial embolization combined with radio-
frequency ablation.
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Figure 5 representative photomicrographs of immunostaining (×200 magnification) showing infiltration of CD8+ T-cells in the liver transitional zone and surrounding the 
residual tumors on day 7.
Notes: in the control group, faint cD8+ T-cell infiltrate (arrow) in the portal area was observed in the liver transitional zone and surrounding the residual tumors (arrows). 
in the Tae group, some cD8+ T-cells in the portal area (arrow) were seen in the transitional zone and surrounding the residual tumors (arrow). in the rFa group, an increase 
in cD8+ T-cell infiltrate in the portal area was seen in the transitional zone (arrow) and surrounding the residual tumors (arrows). In the TAE + rFa group, a marked increase 
of cD8+ T-cell infiltrate in the portal area was observed in the transitional zone (arrows). The most significant infiltration of CD8+ T-cells was observed at the margin and 
in the center of the residual tumors.
Abbreviations: rFa, radiofrequency ablation; Tae, transcatheter arterial embolization; Tae + rFa, transcatheter arterial embolization combined with radiofrequency ablation.
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activation of cD8+ T-cells in the rabbit liver tumors

Faint CD8+ T-cell infiltrate was observed in the zone 

surrounding the tumor at the three observed time points. 

However, the rabbits in the TAE, RFA, and RFA + TAE 

groups raised a significant CD8+ T-cell response surrounding 

the residual tumors. We found the most significant infiltra-

tion of CD8+ T-cells around the residual tumors on day 7, 

when HSP70 showed peak expression in the TAE + RFA 

group. Our data confirmed the positive correlation between 

the expression of HSP70 and the infiltration of CD8+ T-cells 

in the vicinity of the residual tumors.

Although TAE + RFA led to more severe liver dysfunc-

tion compared with RFA on day 3, there was no significant 

difference in ALT and AST levels between TAE + RFA and 

RFA treatment on days 1, 3, and 7. TAE + RFA can achieve 

the same survival time with temporary liver dysfunction 

comparable to RFA in treating rabbit VX2 liver tumors. So, 

it was better for us to prolong the observation time to evaluate 

the effect on tumor control and antitumor immune response 

in this animal model. Meanwhile, the TAE + RFA combina-

tion was more effective in achieving maximal diameters of 

tumor necrosis, lower tumor growth, and fewer metastases, 

compared to the other treatments. Two possible mechanisms 

could describe the potential relationship between TAE + RFA 

treatment and the destruction of tumor tissue. First, there may 

be a synergistic effect of hypoxia and hyperpyrexia generated 

by the TAE combined with RFA, as we previously reported.6 

Alternately, TAE + RFA might activate the highest number 

of CD8+ T-cells surrounding the residual tumor, which may 

reflect an antitumor immune response. In the present study, 

HSP70 expression was increased on day 1, peaked on day 3, 

and dropped on day 7 in the RFA and TAE + RFA groups. Heat 

stress upregulates HSP70, which then binds tumor antigens and 

mediates their uptake into antigen-presenting cells, resulting 

in the induction of antigen-specific cytotoxic CD8+ T-cells. 

Chen et al11 found that 24 hours after hyperthermia, DCs in the 

spleen and lymph nodes increased and the induction of tumor 

antigen-specific cytotoxic T-lymphocyte was improved. In our 

study, infiltration of CD8+ T-cells surrounding the residual 

tumors was enhanced on day 3 and peaked on day 7. Hence, 

these immune responses would likely continue with the high 

expression of HSP70 surrounding the residual tumors, if we 

prolong the observation time. Next, comprehensive evalua-

tion of antitumor immune response and its efficacy on tumor 

control could be monitored in this animal model.

The present study had several limitations. Due to the lack 

of antibody reagents for the rabbit VX2 liver tumors, which 

is the major model for local ablative treatments, it was not 

possible to conduct in-depth histopathological and immu-

nohistochemical examination. Due to space constraints, we 

only showed the most representative immunohistochemical 

changes in different groups, which were the peak of HSP70 

expression on day 3 and CD8+ T-cell infiltration on day 7. 

Moreover, monitoring the number of CD8+ T-cells is not 

absolute proof that antitumor immunity was enhanced. 

Additional studies are needed to monitor CD4+, natural 

killer and natural killer T-cells, macrophages and DCs, and 

regulatory T-cells in residual tumors, in order to observe 

how effectively different levels of HSP70 expression induce 

antitumor immune responses.

Conclusion
Our data show that TAE + RFA activates the highest number 

of CD8+ T-cells surrounding residual tumors compared to 

other methods, by inducing HSP70 expression in residual 

tumor cells in rabbit VX2 liver tumor model. Treating rabbit 

VX2 liver tumors with TAE + RFA appears to be a robust 

experimental model for observing how different levels of 

HSP70 expression in residual tumors effectively induce anti-

tumor immune responses. HSP70 may represent a promising 

therapeutic target for adjuvant immune therapy.
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Table 4 The number of infiltrating CD8+ T-cells surrounding 
residual tumors at different time points

Group (n) 1 day 3 days 7 days

Tae + rFa (5) 32.4±6.22** 47.9±10.42* 73.73±6.79
rFa (5) 17.27±5.12&,** 29.67±4.78&,* 44.83±6.17&

Tae (5) 10.56±3.58&,$,** 15.53±4.56&,$,* 26.53±7.56&,$

control (5) 2.43±0.85&,$,# 2.57±0.81&,$,# 6.17±1.79&,$,#

Notes: The number of cD8+ T-cells in the Tae + RFA group was significantly 
higher than the number observed in other groups (&P,0.01) on days 1, 3, and 7. 

The RFA group had significantly higher HSP70 expression compared with the TAE 
and control groups ($P,0.05) on days 1, 3, and 7. The Tae group was statistically 
significantly higher than the control group (#P,0.05) on days 1, 3, and 7. in the 
Tae + rFa, rFa, and Tae groups, more cD8+ cells were observed on day 7 
compared to day 3 (*P,0.05) and day 1 (**P,0.05). results are in response to 
Mann–Whitney U-test.
Abbreviations: hsP70, heat shock protein 70; rFa, radiofrequency ablation; 
Tae, transcatheter arterial embolization; Tae + rFa, transcatheter arterial embo-
lization combined with radiofrequency ablation.
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