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摘要 
腫瘤細胞具有逃避免疫系統監測之機制，因而在體內不停增生，使宿主本身

生理功用失常，加上惡性腫瘤細胞的轉移最終造成嚴重後果。腫瘤細胞逃避免疫

系統監測機制之的主要幾種包括(1)使免疫系統失去辨識能力。最常見的是主要

組織相容複合物 (Major histocopatibility complex, MHC)不表現或表現量極低，(2)
免疫系統毒殺腫瘤細胞能力下降。抑制免疫細胞之毒殺作用包括 T 細胞及 NK 細

胞，及 (3)分泌抑制性分子，抑制免疫細胞的作用。 
因為犬傳染性花柳性腫瘤(canine transmissible venereal tumor, CTVT)生長期

時，TGF-β除了抑制 IFN-γ誘導 MHC 作用，並抑制(tumor infiltrating lymphocyte, 
TIL)的毒殺能力，造成 CTVT 在宿主體內快速生長。但實驗接種 CTVT 於犬隻

背部皮下後會自然地進入消退期(R 期)。造成消退的主因來自 R 期時 TIL 分泌大

量的 IL-6，拮抗 TGF-β抑制 IFN-γ之作用，使 IFN-γ能誘導 CTVT 的 MHC 表現，

使 T 細胞活化。另外 IL-6 也拮抗 TGF-β抑制 NK 細胞的毒殺能力，腫瘤因此進

入 R 期。 
本實驗乃針對 CTVT 之特性，嘗試以 IL-6 導入基因解除 TGF-β對免疫系統

抑制能力，使 CTVT 細胞之 MHC 分子表現量上升，更進一步導入 IL-15 基因活

化免疫系統，達到成功治療腫瘤之目的。因此構築 IL-6 及 IL-15 基因的質體，用

腫瘤內電衝方式治療 CTVT，並研究此基因治療的效果與抗腫瘤機制。實驗結果

證明合併使用 IL-6 與 IL-15 不但能顯著的延緩 CTVT 的生長更可以成功使腫瘤

消退。在複合式療法下，腫瘤中 IL-6 與 IL-15 的濃度增加、腫瘤細胞的 MHC 表

現量上昇。同時發現腫瘤內 TIL 浸潤程度增加，並有效提升 NK 細胞與 CTL 的

毒殺能力。以上這些結果顯示使用腫瘤內電衝，進行 IL-6 與 IL-15 基因治療，在

實驗犬模式，可成功破壞腫瘤逃避免疫系統的作用並提昇免疫反應，達到成功治

療腫瘤之目的。本研究結果所使用之策略：一方面提高 MHC 的表現，一方面強

化 NK 細胞的作用，可做為未來對腫瘤治療上的一個新選擇。 
 
 
 
關鍵字：CTVT、IL-6、IL-15、gene therapy、intratumoral electroporation 
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Abstract 

Malignant tumor cells that can escape the surveillance of immune system and 
proliferate unrestrictedly. This mechanism make host physiological function be 
abnormal. Furthermore, malignant tumor cells can metastasize and influence many 
tissues and organs. There are three mechanisms of tumor cell escape: (1)Lack of 
recongizion; (i.e., tumor cells do not express MHCⅠmolecule to escape T 
lymphocytes recongizionm.)(2) Decrease of cytotoxicity; (i.e., escape from the 
cytotoxic mechanisms of T cells and NK cells) (3)Inhibition of immune system: 
Tumor cells or stromal cells can express some inhibiting factor to suppress the 
function of immune stystem.  

In P phase, Canine transmissible venereal tumor (CTVT) can secrete TGF-β to 
inhibit the inducing MHC molecule activity of IFN-γ and the cytotoxicity of tumor 
infiltrating lymphocytes (TIL). CTVT can proliferate in canine, but experimentally 
transplanted CTVT exhibits a spontaneous regression (R phase). This is because that 
high concentration of IL-6 from TIL in R phase antagonizes the activity of 
tumor-derived TGF-β. So, IFN-γ can induce MHC expression and make T cells repair 
its activity. IL-6 can restore the cytotoxicity of NK cells. The effects make CTVT 
regress.  

Based on these finding of CTVT, our laboratory tested that transfer IL-6 gene to 
antagonize TGF-β activity and induce MHC expression of CTVT. Transferring IL-15 
gene activate immune system. We combined two strategies to perform successful 
tumor therapy. So we constructed IL-6 and IL-15 plasmid and used intratumoral 
electroporation to treat CTVT. Besides, we studied this gene therapy and anti-tumor 
mechanism. In the results of my experiment, combined treatment of IL-6 and IL-15 
can inhibit and suppress the growth of CTVT. This treatment elevated IL-6 and IL-15 
concentration in tumors. The surface expression of MHC molecules on CTVT cells 
was significantly increased after gene therapy.   In addition, the IL-6 and L-15 gene 
therapy induced more infiltrating lymphocytes in the tumors and influence cytokine 
profile of CTVT. NK cells and CTL cytotoxicity also can be increased. Our results 
demonstrate that intratumoral electroporation-mediated IL-6 and IL-15 gene therapy 
for canine transmissible venereal tumor in the canine model can destroy tumor escape 
successfully and increase immune response. The strategy of the study can be a new 
choice to treat tumor.    
 
 
關鍵字：CTVT、IL-6、IL-15、intratumoral electroporation 
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前言 

Tumor escapes are important mechanisms of tumor proliferation. There are many 
strategies that include : (1) Evasion of recognition：Tumor cell can express low MHC 
class I or alter MHC class I (1), (2) Insensitive to the effect of cytotoxicity : The effect 
of NK and CTL are Lack of susceptibility. Immune cell can’t express of Fas/CD95(2), 
(3) Expression of specific cytokines and chemokines(3, 4) There are inhibiting effects 
of TGF-β (5)and IL-10 (6)on immune system. The chronic inflammation associated 
with cancer may induce local and systemic immune suppression. If want to perform 
the therapy well, we need to understand the character of tumor cells. 

Canine transmissible venereal tumor (CTVT) is an excellent animal model with 
which to study tumor-host interactions. Experimentally transplanted CTVT exhibits a 
predictable growth pattern that includes a progressive growth (P phase) and a 
spontaneous regression (R phase)(7). There are many effects of tumor escape on 
CTVT proliferation. (1)CTVT expresses extremely low numbers of MHC, much like 
malignant tumors in humans (8). (2) The activity of IFN-γ to induce MHC molecules 
expression and the cytotoxicity of tumor infiltrating lymphocytes (TIL) are seriously 
suppressed by TGF-β secreting from CTVT cells.  
 Interleukin-6 (IL-6) is a pleiotropic cytokine that can influence a wide range of 
biological activities(9). It is produced by both lymphoid and nonlymphoid cells and 
helps regulate immune reactivity(10), the acute phase response(11), inflammation(12), 
oncogenesis(13), and hematopoiesis(14). IL-6-mediated anti-tumor effects have been 
shown in several tumor type, such as some breast(MCF-7, ZR-75-1)(15), colon(16), 
pancreas(17), prostate(18) cancer cells or no effects on adenocarcinoma(19), 
malignant glioma cells(20), T47D, MDA-MB-231, and ZR-75-1 human breast 
carcinoma cells line.(21)  
Interleukin (IL-15) is a pleiotropic cytokine that plays an important role in both the 
innate and adaptive immune system. I IL-15 promotes activation of NK cell(22), T 
cells(23, 24), neutrophils(25, 26) and macrophages(27), and is critical to dendritic cell 
(28)function in several model systems. In addition, IL-15 promotes the development, 
activation, homing and survival of immune effector cells, particularly NK cells(29, 
30), natural killer T (NKT) cells(29) and CD8+T cells(31, 32). So, IL-15 is a common 
candidate to treat tumors. 
Gene therapy is a powerful strategy to treat tumor. In this study, we constructed IL-6 
and IL-15 plasmids and performed intratumoral electroporation with these pasmids. 
IL-6 and IL-15 can activates CTL and NK cells cytotoxicity and suppresses CTVT 
growth. 
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結果 
 
Fig1A 
 

 

1  2  3  4  5  6  7  8  9  10  11 

 
E. coli clones 1-10 
100 bp DNA Ladder marker 11 

Lane Parameter 

 
Fig1B 
 

 

1  2  3  4  5  6  7  8  9  10  11 

Lane Parameter 
11 100 bp DNA Ladder marker 
1~10 E. coli clones 
 

 
Fig1C 

IL-6 

500 bp 

\ 

 
 
 

 5



 
Fig1D. 

IL-15 
500 bp 

 
 
 
Fig1A  IL-6 rapid screening. Using T7 and hIL-6 AS primer can detect IL-6 
expression in agarose gel. IL-6 sequence is about 720bp. 
Fig1B.  IL-15 rapid screening. Using T7 and hIL-15 AS primer can detect IL-15 
expression in agarose gel. IL-6 sequence is about 490bp 
Fig1C  Restriction enzyme digestion of IL-6 plasmid. IL-6 plasmid was digested 
with HindⅢ and XhoⅠ and IL-6 nucleotide sequence is about 720bp. 
Fig1D  Restriction enzyme digestion of IL-15 plasmid. IL-15 plasmid was digested 
with HindⅢ and XhoⅠ and IL-15 nucleotide sequence is about 720bp. 
 

L-6 and IL-15 gene of plasmids were amplified by the polymerase chain reaction 
with T7, IL-6AS or IL-15AS primers. Agarose gel electrophoresis of the IL-6 and 
IL-15 PCR reaction products revealed a single band of about 727bp(Fig.1A) and 402 
bp(Fig.1B). IL-6 and IL-15 plasmids were digested by restriction enzymes (HindⅢ 
and XhoⅠ). The results of the restriction enzyme digestion also revealed a single 
band as expected(Fig.1C, D). BALB/3T3 cells were transfected by IL-6 or IL-15 
plasmids. After 48 h of incubation at 37°C, supernatants were collected and the 
concentration were measured with ELISA(Fig.2A, 2B) IL-6 dependent cell line 
“TF-1” and IL-15 dependent cell line “HT-2” were performed IL-6 and IL-15 
functional assay(Fig.2C, 2D). The proliferation assay performed with CellTiter 96® 
AQueous One Solution. 
Fig2A                              Fig2B 
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IL-15 expression



 
Fig2C 

 

 
Fig2D 
 

 

Fig2A. IL-6 concentration can be detected in BALB/3T3 supernatant. “Vector” is an  
empty plasmid that do not insert any sequence. “IL-6” is an IL-6 plasmid. IL-6 
concentration is about 1043.6pg/ml in BALB/3T3 supernatant.  

Fig2B. IL-15 concentration can be detected in BALB/3T3 supernatant. “IL-15” is an  
IL-15 plasmid. IL-15 concentration is about 694pg/ml in BALB/3T3 
supernatant. 

Fig2C. BALB/3T3 supernatant of IL-6 promoted TF-1 proliferation.TF-1 cells are  
IL-6 dependent cell line. “PC” is a positive control using TF-1 growth medium. 
“PC-hIL-6” is a positive control using 5ng/ml IL-6 protein. “IL-6” is the 
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BALB/3T3 supernatant of IL-6. “Vector” is the BALB/3T3 supernatant of 
empty vectors. “IL-6” promoted TF-1 proliferation significantly.  (*, p<0.05) 

Fig2D. BALB/3T3 supernatant of IL-15 promoted HT-2 proliferation. “IL-15” is the  
BALB/3T3~IL-15 supernatant. “Vector” is the BALB/3T3 supernatant of 
empty vectors. “IL-15” promoted HT-2 proliferation significantly.  (*, 
p<0.05) 

 
Fig3A.                                 Fig3B. 
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Fig3C.                                 Fig3D. 
 

 
When tumoral diameter were about 2cm, we performed intratrumoal 

electroporation-mediated IL-6 and IL-15 genes. 1mg IL-6 and 1mg IL-15 plasmids 
were mixed in 1ml isotonic sodium chloride solution. 1mg empty vector 
(pcDNA3.1/V5-His-TOPO) was performed in control. We determined the secretion of 
IL-6/IL-15 from IL-6/IL-15 gene transfected, CTVT-IL-6/15 cells. The solution of 
CTVT-IL-6/IL-15 tumor lysis can detected highest IL-6/IL-15 expression after gene 
therapy 1 week (Fig3A,3B). In the solution of tumor lysis, the level of IL-6/IL-15 
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increased much higher in CTVT-IL-6/IL-15 tumor mass than in CTVT-vector. The 
highest IL-6 expression was the case of gene therapy 1 week(Fig3C, Fig3D). 
Therefore, IL-15 can not be detected in serum. 
 
 
Fig4A 
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Fig4C GT-1                             Fig4D GT-2 
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Fig4A. Tumor growth can be inhibited after transfected by IL-6 and IL-15 plsamid.  

After gene therapy 6 weeks, Tumor mean volume in the “vector” was 
92.76cm3. Tumor mean volume in the “vector” was 20.77 and 2.2 cm3. 
IL-6/IL-15 gene therapy can inhibit CTVT growth. 

Fig4B. There are the pictures of the experimental canine. These picture were taken  
after gene therapy 6 weeks. “Vector” was treated with an empty plasmid. 
“GT-1” was one treated dog with IL-6/IL-15 plasmid and “GT-1” was another 
one. 

Fig4C.FACS analysis of MHC expression from CTVT treated with IL-6/IL-15 cells. 
MHC expression of CTVT were elevated continuedly from gene therapy. In  
gene therapy 4 week, the percentage of CTVT MHCⅠexpression and CTVT 
MHCⅡexpression were 34% and 25%. 

 
We measured with tumor dimensions once a week and estimated the tumor volume. 

After IL-6 and IL-15 transfection, the CTVT growth were inhibited.(Fig4A) and 
elevated MHC molecules expression on CTVT cells(Fig4C). MHC expression were 
defined by canine MHC class I, canine MHC class II and mouse IgG2a. The MHC 
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expression of CTVT cells were about 30% after gene therapy. There are the picture of 
CTVT growth. (Fig4B) 
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Fig5A. The level of TIL infiltration in tumor mass was elevated. Tumor sections  
fixed with formalde were stained by hematoxylin and eosin. This is the 
sections from gene therapy 1 weeks. 

Fig5B. CD8+ T cells were up-regulated by IL-6/IL-15. 
CD8+ T cells can up-regulate and the percentage of TIL population were about 
21.63% from the results of FACS Calibur flow cytometer（Becton Dickinson, 
NJ, USA）at 4 weeks after gene therapy. There were no significant effects of 
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the other cell surface marker.  (*, p<0.05) 
 

In order to understand the level of TIL infiltration influenced by IL-6/IL-15, 
tumor sections fixed with formalde were stained by hematoxylin and eosin. On the 
sections, we can detect higher TIL infiltration of IL-6/IL-15 plasmids after gene 
therapy 1 week than vector(Fig5A).  

TIL population were stained by mouse anti-canine CD3、mouse anti-canine 
CD4、mouse anti dog CD8 mAb、mouse anti-canine B cells、IgG1. CD8+ T cells were 
up-regulated by IL-6/IL-15(Fig5B). 
 
Fig 6. 

 
 
Fig 6. CTVT cytokine profile 
We performed Real-time RT-PCR to compare the difference of cytokine secretion 
form CTVT cells. IL-2、IL-4、IL-6、IL-12、IFN-γ can not be determined. After gene 
therapy, IL-8 up-regulation can be detected. This results was the same as R phase. The 
mRNA level of TNF-α increased, too. (p<0.05) 
 

Real time RT-PCR is the powerful methods to detect the level of mRNA expression. 
We focused on IL-1β、IL-2、IL-4、IL-6、IL-8、IL-10、IL-12、IL-13、IL-15、IL-18、
TNF-α、TGF-β、IFN-γ and wanted to compare the difference between control and 
IL-6/IL-15 group. The results showed that mRNA level (relative to β-actin) were in P, 
R, before treatment, control(Vector) and IL-6/IL-15 groups. IL-8 in R phase and 
IL-6/IL-15 group were significantly higher than P phase and Vector (p<0.05). TNF-α 
was significantly higher than P phase and Vector, too (p<0.05). IL-13 in R phase was 
significantly higher than P phase (p<0.05). The level of TGF-β mRNA can not be 
influenced after IL-6 and IL-15 transfection. IL-2、IL-4、IL-6、IL-12、IFN-γ can not 
be determined. The difference of cytokine expression may correlate with tumor 
regression.   
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Fig7. Transfecting IL-6 and IL-15 genes activates NK cells cytotoxicity. 
After gene therapy 2weeks, the cytotoxicity of NK was up-regulated significantly. 
After gene therapy 4 weeks, the cytotoxicity of NK was similar with 2 weeks. 

 
IL-6 (33)and IL-15(30, 34) can activate NK cytotxic activity. In this study, we 

used CTAC to play a role of target cells in NK killing assay. Cytotoxicity of PBL 
against the CTAC cell line was measured between “Vector” and “GT” group. The 
cytotoxic percentage of CTAC was found to be significantly increased (P<0.05) after 
gene therapy 2 weeks 
 
Fig8 
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Fig8. CTVT specific killing activity of CTL was up-regulated after gene therapy 

After gene therapy 2weeks, the cytotoxicity of CTL was up-regulated 
significantly. (p<0.05) After gene therapy 4 weeks, the cytotoxicity of CTL was 
similar with 2 weeks. 

 
To investigate the effect of tumor antigen specific CTL on CTVT of intratumoral 

electroporation-mediated IL-6 and IL-15. PBMC of canine cultured with CTVT. After 
6 days, tumor antigen specific CTL were induced. CTL activity increased after gene 
therapy 1 week. The cytotoxicity of CTL was significantly increased after gene 
therapy 2 weeks and 4 weeks. (p<0.05) 
 
Fig9 
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Fig9 IFN-γELISPOT results. Forming spots were counted. After gene therapy, IL-6 

and IL-15 can increase CTVT-specific CTL cytotoxicity. If tumor antigens 
combined with T cell receptors, T cells activate and secrete IFN-γ. Using tumor 
lysis to activate CTL, we counted spots and determined CTVT-specific CTL 
activity. CTL killing activity increased since gene therapy 1 weeks. 
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討論 

The results of the present study strongly suggest that cotransfection of IL-6 and 
IL-15 genes elicits powerful antitumor immune responses against CTVT in canine 
model. Canine transmissible venereal tumor (CTVT) is an excellent animal model to 
study tumor-host interactions. Experimentally transplanted CTVT exhibits a 
predictable growth pattern that includes a progressive growth (P phase), stasis (S 
phase) and a spontaneous regression (R phase). CTVT expresses extremely low 
numbers of MHC during P phase, much like malignant tumors in humans, but MHC 
expression in CTVT increases to 30–40% during R phase. So, studying tumor-host 
interactions of CTVT and perform good therapy are important for cancer reaserches. 

The major suppressive effect of CTVT comes from TGF-β. TGF-β can suppress 
immune system, consisting of inhibiting DCs antigen presentation, T cells secreting 
IFN-γ activity, decrease T cells proliferating activity, inactivate NK cytotoxicity and 
activate T regulatory cells proliferation. CTVT produces functional TGF-β during P 
and R phase. The activity of IFN-γ to induce MHC molecules expression and the 
cytotoxicity of TIL are seriously suppressed by TGF-β secreting from CTVT in P 
phase(35, 36). TIL isolated from regressing CTVT secrete high concentrations of IL-6. 
Host high concentrations of IL-6 antagonize the anti-IFN-γ activity of tumor TGF-β 
to restore MHC expression and anti-TIL activity of tumor TGF-β to recover the 
cytotoxicity of TIL (35, 36). The mechanism is the reason of tumor regression. Based 
on these results, IL-6 is the most important factor to make CTVT regress and we 
wanted that using this cytokine to antagonize TGF-β activity. 

Interleukin-6 (IL-6) is a pleiotropic cytokine that can influence a wide range of 
biological activities(9).Several kinds of tumor cells transfected with IL-6 gene had 
been studied in vivo. IL-6 gene -transfected B16 melanoma cells showed stronger 
adhesion to the lymphokine-activated killer (LAK) cells or cytotoxic T lymphocytes 
(CTL), and higher sensitivity to cytotoxicity of LAK cells or CTL, because MHC 
class I and ICAM-1 expression were increased after IL-6 gene transfection(37). IL-6 
inhibit of growth of the human ductal breast carcinoma cell line T-47(38). IL-6 also 
has the ability to enhance natural killer (NK) cells activity(38). In previous studies, 
IL-6 can antagonize TGF-β inhibiting activity to restores LAK (lymphokine-activated 
killer) killing activity, but IL-6 does not promote LAK killing activity(35). We can 
not sure that increasing NK killing activity is influenced by IL-6. The percentage of 
MHC expression on CTVT after intracellular electroporated with IL-6 and IL-15 is 
significantly higher than control. The results can confirm the previous data that IL-6 
can induce MHC expression of CTVT. Increasing MHC classⅠ expression can 
promotes to recognize tumor antigens by the presentation of small antigenic peptides 
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to the receptor of CTL and reject the tumor. In CTL and ELISpot experiments, CTL 
can recognize small antigenic peptides and CTL are activated by clonal selection. 

In the aspect that IL-6 influence tumor cell growth, although IL-6 can activate 
anti-apoptosis protein, such as Bcl-2 and Bcl-XL, and induce some tumor cells 
proliferation, IL-6 activates Bax protein that can induce apoptosis in Lewis lung 
carcinoma (LLC) cells(39). Their results suggest that LLC transfected IL-6 gene 
results from the high ratio of Bax to Bcl-2 and cytotoxicity in the IL-6-dependent 
apoptotic pathway(39). In order to study the effect on influence tumor cells growth, . 
In this study, we did not confirm the relationship between IL-6-transfected and 
apoptosis.  

IL-15 is a key regulator of NK development, homeostasis and activity. Resting 
NK cells always express IL-15 receptor complex (consisting of IL-15Rα and 
IL-15Rβγ) that can respond to IL-15 at picomolar concentrations(40). LL-15 increases 
the number and percentage of NK cells in the spleen, the proliferation and survival of 
NK cells, and their cytolytic activity and cytokine secretion. Therefore, we used IL-15 
in order to activate NK cells activity. Although we did not find IL-15 concentration in 
serum, IL-15 can activate NK cells function in this therapy. (In NK killing assay, the 
percentage of CTAC killed by NK cells from GT cases is significantly higher than 
from control. IL-15 protein is hardly found in serum or body fluids and often referred 
to as a "ghost cytokine "(41). It may be why we did not find IL-15 concentration in 
serum.  
 IL-15 is important for T cells, too. IL-15 has a role in the survival and 
antigen-independent expansion of naive and memory CD8+ T cells. Because IL-15 
can activate Bcl-2 and Bcl-XL(42), it performs the survival effects on CD8+ T 
cells(42). In IL-15 and IL-15R-deficient mice, CD8+ T cells shows a significant 
decrease(7).  
 CD8+T cells are cytotoxic T lymphocytes. IL-15 also activate CTL cytotoxic 
activity. In our study, CTL cytotoxic activity of GT cases are higher than control. 
There are two reasons of activating cytotoxic function of CTL . (a) IL-6 antagonized 
TGF-β and activate CTVT with IFN-γ. The level of MHC molecules expression 
increased. MHC class Ⅰ molecules are necessary for the presentation of peptide 
antigens to CTL. The interaction triggers a casade of T-signaling events that lead to 
cell proliferation, cytokine producton, and target cell lysis(43). 

Because IL-15 has been demonstrated to have a pivotal role in the function of 
memory CD8t T cells and NK cells, intratumoral IL-15 gene therapy had been 
performed in several studies. The results of these studies were also successful. 
C57BL/6 mice were injected with B16.F10 melanoma cells and treated intratumorally 
with 50 mg of IL-15 plasmid on days 0, 4 and 7 and tumor volume/size, tumor 
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regression and long-term survival were measured. These results demonstrate the 
ability of pIL-15 to mediate B16 melanoma regression, with the effect being 
significantly enhanced by electroporative delivery(44). 

Combined different cytokine gene to treat with tumor had also been performed. 
Mice had been intravenously inoculated with the RLmale1 lymphoma cells. 40% of 
mice that received a single injection of a mixture IL-15 and IL-21 genes successfully 
rejected the preestablished metastatic lymphoma and showed tumor-free survival for 
more than 300 days(45). 

In vivo electroporation has been used to efficiently deliver drugs and 
‘therapeutic’ genes to tumors. We combined immune character of IL-6/IL-15 and 
advantages of electroporation. CTVT growth can be inhibited and regressed. This 
strategy may be used in other tumor therapies. 
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