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以血管內皮生長因子受器競爭物抑制血管新生與 

B16/F10 腫瘤生長之活體研究 

學生:陳昱丞                 指導教授: 廖光文 博士 

國立交通大學生物科技系生化工程所 

中文摘要 

  血管新生成是腫瘤發育時的一個重要階段，此外血管新生也參與腫瘤由良性

轉為惡性的過程。血管內皮細胞生長因子 （Vascular endothelial growth factor, 

VEGF）是促進內皮細胞生長與血管新生的必要因子，在先前的實驗中，本實驗

室建構了一嵌合蛋白 RBDV-Ig (Receptor binding domain of VEGF-Immuno- 

glibin)：是以人類血管內皮細胞生長因子(VEGF)中第 1 至 108 個胺基酸序列做為

指標區域 (targeting domain)，其具有與受器，血管內皮細胞生長因子受器 (VEGF 

Receptor)，結合的能力；加上人類免疫球蛋白 G1 (Immunoglobin G1) 的 Fc 片段

做為作用區域，以延長嵌合蛋白的半衰期。RBDV-Ig 已被證明可於細胞培養模式

中藉由專一性地與人類臍帶靜脈內皮細胞 (human umbilical vein endothelial cells, 

HUVECs) 表面的血管內皮細胞生長因子受器結合而阻斷血管內皮生長因子的

訊息傳導途徑，達到抑制人類臍帶靜脈內皮細胞增生與形成管狀結構。本研究欲

探討於小鼠模式中，嵌合蛋白 RBDV-Ig 是否可藉由抑制血管新生達到抑制腫瘤

發展的目的。人類血管內皮細胞生長因子之受器結合區域  (Human VEGF 

receptor binding domain, hRBDV) 與小鼠血管內皮細胞生長因子之受器結合區域 

(Mouse VEGF receptor binding domain, mRBDV) 有 92%相似度，顯示 RBDV-Ig

有可能可與小鼠血管內皮細胞生長因子結合，且細胞實驗證明 RBDV-Ig 可與已

證實有表現小鼠血管內皮細胞生長因子受器 2 (mVEGFR2) 的 MS1 細胞結合。

此外，RBDV-Ig 可抑制 SVEC4-10 內皮細胞的增生。在 C57/B6 小黑鼠活體實驗

方面，皮下注射 RBDV-Ig 與靜脈注射 RBDV-Ig 皆可顯著抑制 B16/F10 腫瘤生

長。以上結果顯示，RBDV-Ig 可能可藉由抑制血管新生而抑制腫瘤生長，是為一

種有潛力的癌症治療用藥。  
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Student: Yu-Cheng Chen                         Advisor: Kuang-Wen Liao 

Institute of Biochemical Engineering of National Chiao Tung University 

ABSTRACT 

Angiogenesis is not just an important stage in tumor growth but also involved in 

transforming a tumor from a benignancy to a malignant stage. Vascular endothelial 

growth factor (VEGF) is an essential factor in promoting endothelial cell growth and 

angiogenesis. In our previous experiments, we created a novel fusion protein, 

RBDV-Ig, which has a targeting domain, containing the amino acid sequences of 

VEGF from 1 to 108 with the binding activity to the human VEGF receptor, and an 

effector domain with Fc region of a human IgG1, used to increase a half-life of the 

fusion protein. RBDV-Ig has proven to inhibit tube-formation and proliferation 

through blocking the VEGF signal pathway by targeting the VEGF receptor on human 

umbilical vein endothelial cells (HUVECs) in vitro. Whether the RBDV-Ig chimeric 

protein can suppress tumor progression in vivo by anti-angiogenesis effect in the 

mouse model was verified in this study. The human VEGF receptor binding domain, 

RBDV is 92.7% similar to the mouse VEGF binding domain suggesting that the 

RBDV-Ig may bind to mouse VEGF receptors and later it was exactly proven to bind 

mouse VEGF receptor 2 (VEGFR2). It was also shown to bind to surface of mouse 

cells such as MS1 which have been proven with the VEGFR2 expression. Moreover, 

RBDV-Ig inhibits the proliferation of mouse SVEC4-10 endothelial cells in a 

dose-dependent way, but not of B16/F10. The results revealed that the tumor growths 

of B16/F10 tumors in C57/B6 mice were dramatically suppressed by subcutaneously 

injected RBDV-Ig. Tumor therapy with i.v. injection of RBDV-Ig also showed a 

similar result. Based on the results above, RBDV-Ig was shown to have the potent 

ability to inhibit tumor progression through suppression of angiogenesis and can be as 

a potential therapeutic drug in cancer therapy.  



iii 

Acknowledgements 

寢室裡的老舊電風扇咿咿啊啊響著，讓這漫漫夜晚不那麼靜謐，還留有一口

生氣。回想過去多少個夜晚，在冷房裡煎熬只為那肉眼難見的蛋白質。又有多少

個夜晚，我坐在電腦前處理實驗數據、結果與這本論文，對於那些日子的努力與

今日的成果，我由衷地感動，更感謝許多幫忙我、指導我完成這篇論文研究的人。 

感謝我的指導教授，廖光文博士，在科學研究上所給予的指導，他不知教導

我實驗技術上的技巧，更重要的是，老師所傳授的科學精神引領我進入科學研究

的世界。除了在科學上的知識傳授，我也從老師身上學會許多待人接物的道理，

感謝老師為科學與教育的奉獻，使我在學業、研究或是與人相處上都獲益良多。 

而四年來的實驗室生涯裡，我也要感謝實驗室中同甘共苦的每一個夥伴。感

謝靜宜學姐在這四年所給予的指導與鼓勵，偶爾情緒低落時，學姐都會耐心傾聽

並給予中肯的建議；感謝于鈴學姐幫我進行一次又一次的動物實驗，不厭其煩地

陪我一起測量、給藥與解剖；感謝彥谷學長熱心地整理、管理實驗室，讓我做實

驗無後顧之憂；感謝上知學長、詩涵學姊與弘育學長在實驗室草創時，一起努力

建置；感謝懷堯學長犀利地而逗趣的話語，讓人不經意地大笑；感謝韻如學姊三

不五時的聊天、關心我們的實驗狀況；感謝侑松學長建立起嵌合蛋白的生產與分

析系統，讓我的研究能穩定且順利地進行。而我更不會忘記對實驗有拼命三郎精

神的其翰同學、對乙醇與肉有正向趨性的依穎同學，以及對生命抱持著未雨綢繆

的態度的源庭同學，因為你們，讓許多的歡笑與淚水長存於我回憶裡。感謝何姵

學妹在實驗上的支援，家弘學弟的搞笑演出，莉沂學妹的冷笑話、立筠學妹的中

肯評論、筑婷學妹的辛苦交接，更感謝學弟妹們幫忙打點口試時的茶點。 

除此之外，我要感謝一群幫我分憂解勞的朋友們，感謝冠賢與華妏聽我碎碎

念，感謝室友振富的理性分析、宜君不定期的關心、庭瑋提供暑宿，因為你們的

關心讓我更能專注於自己的實驗。還有許多陪伴我的好朋友們，因為你們讓我總

能保持樂觀進取的態度，在研究的路上前進。 

最後我要感謝我親愛的家人，感謝父母養育我、同理我、關心我，在我實驗

失敗時給予我溫馨的打氣，讓我得以完成研究及這本論文；感謝姐姐看重我、鼓

勵我，使我即使遇到實驗不順利，仍能保有前進的動力。更感謝鈺珊時時刻刻的

陪伴，分擔實驗失敗的悲傷、分享實驗成功的喜悅，提供我撰寫論文的工具書，

並幫忙指導、訂正論文裡的錯字、文法，使我的論文臻至完整。因為有你們適時

地關懷，讓我的研究與論文得以順利完成。 

碩士生涯將告一段落，回顧那些辛苦的日子，換得今日小小的結果，讓人不

自覺地驚呼：｢摁，我畢業了！｣  

            昱丞 戊子 仲夏夜 



iv 

CONTENTS 

Abstract in Chinese  i

Abstract  ii

Acknowledgements iii

Contents  iv

List of figures vii

Abbreviations viii

 

 

 

 

Chapter 1 Introduction 
 

1.1 Tumor associated angiogenesis................................................................................1 

1.2 Angiogenic factor.....................................................................................................1 

 1.2.1 TGF-β..........................................................................................................1 

 1.2.2 Interleukin-8..................................................................................................2 

 1.2.3 Basic Fibroblast Growth Factor....................................................................3 

 1.2.4 Platelet-Derived Endothelial Cell Growth Factor.........................................4 

 1.2.5 Vascular Endothelial Growth Factor.............................................................4 

  1.2.5.1 Activities of VEGF............................................................................5 

  1.2.5.2 Tumor associated VEGF....................................................................5 

  1.2.5.3 VEGF gene and isoforms...................................................................6 

  1.2.5.4 Regulation of VEGF gene expression................................................8 

1.3 VEGF Receptors......................................................................................................9 

 1.3.1 VEGFR-1....................................................................................................10 

 1.3.2 VEGFR-2....................................................................................................12 

 1.3.3 VEGFR-3 and Neuropilin...........................................................................13 

1.4 Negative regulators of angiogenesis and angiogenesis inhibitor...........................13 

1.5 Anti-angiogenesis therapy through inhibiting VEGF signaling............................15 

 1.5.1 Small molecules..........................................................................................15 

 1.5.2 Anti-VEGF antibody.................................................................................16 

 1.5.3 Anti-VEGF receptors antibody...................................................................17 

 1.5.4 Soluble VEGF receptors.............................................................................18 



v 

 1.5.5 Peptides.......................................................................................................18 

 1.5.6 Others..........................................................................................................19 

1.6 Research rationale and strategy..........................................................................20 

 

 

Chapter 2 Material and Methods 
 

2.1 Material..................................................................................................................22 

 2.1.1 Plasmid........................................................................................................22 

 2.1.2 Cell lines......................................................................................................22 

 2.1.3 Mice.............................................................................................................22 

2.2 Method...................................................................................................................24 

 2.2.1 Amplification of pAAV-MCS/IgG1 Fc and pAAV-MCS /RBDV-IgG1 Fc.24 

  2.2.1.1 Transformation.................................................................................24 

  2.2.1.2 Midi-preparation..............................................................................24 

  2.2.1.3 Restriction enzyme digestion...........................................................26 

 2.2.2 Expression of chimeric proteins..................................................................26 

  2.2.2.1 Transfection of HEK-293T cell........................................................26 

  2.2.2.2 Expression and purification of chimeric proteins.............................27 

  2.2.2.3 SDS-PAGE and Western blot...........................................................28 

  2.2.2.4 Stripping of Nitrocellulose membrane.............................................29 

 2.2.3 Receptor binding assay in vitro...................................................................29 

  2.2.3.1 Biotin label of proteins.....................................................................29 

  2.2.3.2 ELISA...............................................................................................29 

 2.2.4 Cell surface binding assay...........................................................................30 

 2.2.5 SVEC 4-10 and B16/F10 cells proliferation assay......................................31 

 2.2.6 Tube formation assay...................................................................................32 

 2.2.7 Cell migration assay....................................................................................32 

 2.2.8 In situ tumor therapy...................................................................................33 

  2.2.8.1 H&E staining....................................................................................33 

  2.2.8.2 IHC staining.....................................................................................34 

 2.2.9 Tumor therapy with i.v. injection................................................................35 

 2.2.10 Statistic analysis........................................................................................35 

 



vi 

 

Chapter 3 Results 
 

3.1 Compare of receptor binding domain of VEGF between human and mouse........36 

3.2 Expression and purification of chimeric proteins, IgG1 Fc and RBDV-IgG Fc....36 

3.3 The activity of RBDV-IgG1 Fc binding to mouse VEGF receptor........................38 

3.4 The activity of RBDV-IgG1 Fc binding to cells surface........................................39 

3.5 The suppressive potency and efficacy of RBDV-IgG1 Fc to SVEC4-10 cells 

proliferation in vitro..............................................................................................39 

3.6 Effect of blockade of VEGF receptors on tube formation in vitro.........................41 

3.7 RBDV-Ig Fc inhibited the endothelial cell migration in a Transwell system.........42 

3.8 In vivo suppression of tumor growth with in situ RBDV-Ig Fc treatment.............42 

3.9 RBDV-Ig Fc-mediated in vivo therapy with i.v. injection of mice bearing B16/F10 

tumors....................................................................................................................43 

 

 

Chapter 4 Discussion ...........................................................................................45 

 

 

References...................................................................................................................80 

Appendices..................................................................................................................92 



vii 

List of figures 

Figure 1. Role of the VEGF receptors.........................................................................52 

Figure 2. Sequence alignment of human and mouse receptor binding domain of 

VEGF...........................................................................................................53 

Figure 3. Gene construction of the chimeric proteins.................................................54 

Figure 4. Restriction enzyme digestion of the pAAV-MCS/IgG1 Fc and 

pAAV-MCS/RBDV-IgG1 Fc.......................................................................55 

Figure 5. The fluorescence expression in HEK-293 cell.............................................56 

Figure 6. Flow chart of procedure for the purification of chimeric proteins...............57 

Figure 7. SDS-PAGE analysis of recombinatant proteins...........................................58 

Figure 8. Characterization of purified chimeric proteins............................................59 

Figure 9. Mouse VEGF Receptor 1 binding activities of purified RBDV IgG1 Fc....60 

Figure 10. Mouse VEGF Receptor 2 binding activities of purified RBDV IgG1 Fc..61 

Figure 11. Cell surface binding ability........................................................................62 

Figure 12. RBDV-IgG1 Fc inhibits the VEGF-induced proliferation of SVEC4-10 

cells in a dose-dependent manner..............................................................64 

Figure 13. RBDV-IgG1 Fc inhibits the VEGF-induced proliferation of SVEC4-10 

cells, but not of B16/F10 cells...................................................................65 

Figure 14. Effect of RBDV-IgG1 Fc on in vitro tube formation, 100X 

magnification.............................................................................................66 

Figure 15. Effect of RBDV-IgG1 Fc on in vitro cell migration, 100X 

magnification.............................................................................................67 

Figure 16. In vivo suppression of tumor growth with in situ RBDV-Ig Fc 

treatment...................................................................................................68 

Figure 17. Subcutaneous vascularizing of mouse dorsum..........................................69 

Figure 18. H&E staining of tumor sections, 200X magnification...............................70 

Figure 19. In vivo tumor therapy with iv. injection of RBDV-Ig Fc............................72 

Figure 20.Survival rate of tumor therapy with iv. injection of RBDV-Ig Fc 

in vivo........................................................................................................73 

Figure 21. H&E staining of kidney sections, 200X magnification.............................74 

Figure 22. H&E staining of spleen sections, 400X magnification..............................76 

Figure 23. H&E staining of liver sections, 200X magnification.................................78 

 



viii 

List of abbreviations 

 

 

 
ADCC Antibody dependent cell-mediated cytotoxicity 

AMD Age-related macular degeneration 

aFGF Acidic fibroblast growth factor 

bFGF Basic fibroblast growth factor 

CDC Cell dependent cytotoxicity 

Cys Cysteine 

ECM Extracellular matrix 

EGF Endothelial cell growth factor 

FGFR Fibroblast growth factor receptor 

Flk Fetal liver kinase 

Flt Fms-like tyrosine kinase 

HIF-1 Hypoxia induicible factor-1 

IFN-α Interferon alpha 

Ig Immunoglobulin 

IL-8 Interleukin 8 

kDa Kilo dalton 

KDR Kinase domain receptor 

KO  Knockout 

NK Natural killer cell 

NRP Neuropilin  

NSCLC Non-small-cell lung cancer 

PDGF Platelet-Derived Endothelial Cell Growth Factor 

PDGFR-β Platelet-derived growth factor receptor-beta 

PlGF Placenta growth factors 

PI3 kinase Phosphotidylinositol kinase 3 kinase 

RTK Receptor tyrosine kinase 

RBDV Receptor binding domain of VEGF 

RM Room temperature 

sFlt-1 Soluble fms-like tyrosine kinase-1 

TGF-α Transforming growth factor-alpha 



ix 

TGF-β Transforming growth factor-beta 

TNF-α Tumor necrosis factor-alpha 

VEGF Vascular endothelial growth factor 

VEGFR VEGF receptor 

 



1 

Chapter 1 Introduction 

1.1 Tumor associated angiogenesis 

The history of tumor angiogenesis research can be traced back to over two centuries 

ago, pathologists in Germany observed that tumors are highly vascularized [1]. The 

development of tumor growth requires angiogenesis, the formation of new blood 

vessels [2]. In normal tissue, the blood vessels do not increase in size or number, 

because the endothelial cells that line theses narrow tubes do not divide [3]. In the 

tumor region, endothelial cells are abnormal and including multi-layer morphology, 

extension of bridging and splitting vessels, uncontrolled permeability, in addition, the 

endothelial cells undergo constant remodeling [4]. The angiogenic process is 

stimulated in part by the tumor cells and the complex microenvironment consisting of 

many different cell types [1, 5, 6].  

 

1.2 Angiogenic factor 

Some evidence shows that tumor cells are triggered to secrete several pro-angiogeneic 

molecules under a hypoxia environment, like TGF-β, VEGF, PDGF, bFGF, and IL-8 

[1, 7, 8]. Moreover, these pro-angioneneic factors increase angiogenesis of endothelial 

cells has been associated with tumor growth in several human cancers [9-11]. 
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1.2.1 TGF-β 

Transforming growth factor (TGF)-β is a multifunctional protein that initiates its 

diverse cellular responses by binding to and activating its receptor, type I and type II 

serine/threonine kinase receptors. Although TGF-β is well known as an 

immunosuppressive growth factor [12], the importance of the signaling pathway in 

angiogenesis and vascular remodeling has been also highlighted during numerous 

recent studies [13].  

    In the studies of knockout (KO) mice and embryos, TGF- β and ΤβRII are 

critical for both formation of the primary vascular plexus (vasculogenesis) and the 

subsequent extension and remodeling into a complex network (angiogenesis) [14]. 

Furthermore, TGF- β was observed to be able to enhance the expression of VEGF, 

which could cause the excessive growth of endothelial cells. [15] 

 

1.2.2 Interleukin-8  

The chemokine interleukin-8 (IL-8), originally discovered as a chemotactic factor for 

leukocytes, has been shown to contribute to human cancer progression through its 

potential function as a mitogenic, angiogenic and motogenic factor [16]. IL-8 

expression is regulated by the tumor microenvironment; tumor hypoxia and acid 

environment increase expression of IL-8. IL-8 may support tumor growth by direct or 
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indirect induction of angiogenesis. In a study of colon cancer, there was a strong 

correlation between constitutive expression of IL-8 and its receptors, CXCR1 and 

CXCR2, and increasing angiogenesis and metastasis [17]. In clinical studies, serum 

levels of IL-8 were significantly higher in human cancers, which was highly 

angiogenic and metastatic type [18, 19]. Thus, IL-8 may contribute to tumor 

progression and angiogenesis in several tumor types. 

 

1.2.3 Basic Fibroblast Growth Factor 

Basic fibroblast growth factor (bFGF) was a member of fibroblast growth factor and 

also named as FGF-2. FGFs are expressed in almost all tissues and play important 

roles in a variety of normal and pathological processes, including development, 

wound healing, and neoplastic transformation [20]. Moreover, bFGF was reported as 

a mitogen of endothelial cells, and promoter of tumor angiogenesis [21].  

    bFGF preferentially associates with the FGF recptor-3 (FGFR-3), which was also 

implicated in the development of a number of malignant tumors such as melanoma 

[22] or glioma [23]. FGFR-3 was expressed not only in endothelial cells but also 

tumor cells. bFGF and its receptor were reported to enhance the proliferation, 

migration, and angiogenesis of these cells [20]. Furthermore, antisense targeting of 

bFGF or its receptor in human melanoma inhibits tumor growth [22]. 
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1.2.4 Platelet-Derived Endothelial Cell Growth Factor  

Platelet-derived endothelial cell growth factor (PDGF), also known as thymidine 

phosphorylase, is another tumor angiogenic factor. In several cancer systems, PDGF 

has chemotactic activity for endothelial cells in vitro and angiogenic activity in vivo 

[24]. PDGF strongly induces neovascularization in the rat sponge model, and 

PDGF–transfected breast carcinoma cells exhibit accelerated growth in xenografts in 

mice [25]. In one study, Maeda and colleagues immunostained gastric cancer 

specimens for PDGF and microvessels and found a significantly higher microvessel 

density in tumors that expressed PDGF [26]. 

 

1.2.5 Vascular Endothelial Growth Factor  

Vascular endothelial growth factor was first reported in 1989, and isolated a 

endothelial cell specific mitogen from medium condition by bovine pituitary follicular 

cells [27]. VEGF is potent, diffusible, and specific for vascular endothelial cells led to 

the hypothesis that this factor might play a role in the regulation of physiological and 

pathological growth of blood vessels. The role of VEGF in the regulation of 

angiogenesis has been investigating in two decades ago [21]. According to published 

literature, it has been indicates that new vessel growth are highly complex and 
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coordinated processes, requiring a serial of ligands binding to numerous receptors, 

which led to the proliferation, migration, and angiogenesis of endothelial cells [28]. 

 

1.2.5.1 Activities of VEGF 

A well known in vitro activity of VEGF is a survival factor for endothelial cells 

derived from arteries, veins, and lymphatic. VEGF prevents endothelial apoptosis 

induced by serum starvation, which subsequently is mediated by the phosphatidy- 

linositol 3-kinase (PI3 kinase)/Akt pathway [29]. Moreover, VEGF could induce 

expression of the anti-apoptotic proteins Bcl-2 and A1 in endothelial cells [30]. 

VEGF induces a potent angiogenic response in a variety of in vivo models and 

angiogenesis in tridimensional in vitro models, inducing confluent microvascular 

endothelial cells to invade collagen gels and form capillary-like structures [31, 32]. 

Moreover, VEGF elicits a pronounced angiogenesis response in a variety of in vitro 

models including the matrigel plug in mice [33].  

 

1.2.5.2 Tumor associated VEGF 

In contrast to normal vessels, vessels in solid tumors are often abnormally enlarged, 

and blood flow in tumor vessels is often chaotic, slow and not efficient in meeting 

metabolic demands [34]. Furthermore, tumor cells usually represent the main source 
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of VEGF, though several studies have shown that tumor-associated stroma is also a 

site of VEGF production [35, 36]. Many tumor cell lines particularly secrete VEGF in 

vitro, suggesting the possibility that this diffusible molecule may be a mediator of 

tumor angiogenesis [37]. In situ hybridization studies have demonstrated that VEGF 

mRNA is expressed in many tumors, including lung, breast, gastrointestinal tract, 

renal, and ovarian carcinomas [32]. 

 

1.2.5.3 VEGF gene and isoforms 

The VEGF-related gene family of angiogenic and lymphangiogenic growth factors 

comprises five secreted glycol- proteins referred to as VEGF-A, VEGF-B, VEGF-C, 

VEGF-D, and placenta growth factors (PlGF) [38]. VEGF-A is the best studied, has 

been most strongly associated with angiogenesis, and is the target of most current 

anti-VEGF treatments. VEGF-A signals through two receptor tyrosine kinases, 

VEGFR1 and VEGFR2, and is the only member of the VEGF gene family found to be 

induced by hypoxia [39]. VEGF-B selectively binds to VEGFR1 and has a role in the 

regulation of extracellular matrix degradation, cell adhesion and migration [40]. Both 

VEGF-C and VEGF-D bind to VEGFR-2 and VEGFR-3 and regulate lymph- 

angiogenesis, and VEGF-C may also be involved in wound healing [41, 42]. PlGF 

selectively binds to VEGFR-1 and is the most abundantly expressed VEGF family 
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member in endothelial cells. PlGF may potentiate VEGF-A-induced endothelial cell 

proliferation, but on its own PlGF exerts only weak mitogenicity [39]. 

    VEGF-A is a major angiogenic factor of the VEGF family, and is an important 

survival factor for endothelial cells, both in vitro and in vivo. VEGF-A was purified to 

be sequenced and cloned by Ferrara and collaborates. Alternative exon splicing of 

human VEGFs gene shows that it is comprised eight exons , denoted as: VEGFA121, 

VEGFA145, VEGFA165, VEGF165b, VEGFA189 and VEGFA206, gives rise to 

isoforms with different length of amino acids, and biological activities [43]. The 

properties of native VEGF closely correspond to those of VEGF165. VEGF121 is an 

acidic polypeptide that does not bind to heparin. VEGF189 and VEGF206 are highly 

basic and bind to heparin with high affinity. Whereas VEGF121 is a freely diffusible 

protein, VEGF189 and VEGF206 are almost completely sequestered in the 

extracellular matrix (ECM) [38].  

    VEGFA165 is a heparin-binding homodimeric glycoprotein of 46 kDa. 

Structurally, VEGFAs with intra-domain and inter-domain disulfide bonds between 

eight cysteine residues conserved positions. Anti-parrallel homodimer covalently 

linked by two disulfide bridges between Cys-51 and Cys-60 [44]. VEGFA165 is 

secreted, but significant fraction remains bound to the cell surface and extracellular 

matrix (ECM), by virtue of its heparin-binding properties. In the present studies, 
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VEGFA and its receptors is the best characterized signaling pathway in developmental 

angiogenesis. Furthermore, much research has also established the VEGFA in tumor 

angiogenesis, and VEGFA action constitutes a rate-limiting step in normal and 

pathological blood vessel growth [38]. 

 

1.2.5.4 Regulation of VEGF gene expression 

VEGF gene expression is up-regulated by hypoxia. Hypoxia allows the stabilization 

of hypoxia-inducible factors 1 (HIF-1) that binds to specific promoter elements that 

are present in the promoter region of VEGFA. This region is a 28-base sequence in the 

5’- promoter of human VEGF gene, which mediates hypoxia-induced transcription 

[45]. Importantly, another study has implicated the PI3 kinase/Akt pathway in the 

regulation of HIF-mediated responses in a hypoxia-independent manner. Mutations in 

Akt also results in increased activation of HIF-1 and increased VEGF transcription 

[46]. Specific transforming events also result in induction of VEGF gene expression. 

Oncogenic mutations or amplification of Ras leads to VEGF up-regulation, which 

indicates that mutant Ras-dependent VEGF expression is necessary for progressive 

tumor growth in vivo [47]. several major growth factors, including epidermal growth 

factor (EGF), TGF-α, TGF-β, FGF and PDGF, also up-regulate VEGF mRNA 

expression [48], suggesting that paracrine or autocrine release of such factors 



9 

cooperates with local hypoxia in regulating VEGF release in the microenvironment. 

Furthermore, inflammatory cytokines such as IL-8 also induce expression of VEGF in 

several cell types in agreement with the hypothesis that VEGF may be a mediator of 

angiogenesis in inflammatory disorders[49]. 

 

1.3 VEGF Receptors 

VEGF binding sites were identified on the cell surface of vascular endothelial cells in 

vitro and in vivo. Subsequently, it became apparent that receptors for VEGF also 

occur on bone marrow-derived cells [50]. VEGF binds two highly related receptor 

tyrosine kinases (RTK), VEGFR-1 and VEGFR-2. Both VEGFR-1 and VEGFR-2 

have seven immunoglobulin-like (Ig-like) domains in the extracellualar domain, a 

single transmembrane region, and a consensus tyrosine kinase sequence [51, 52]. 

VEGFR-3 (fms-like-tyrosine kinase (Flt)-4) is a member of the same family of RTKs, 

but is not a receptor for VEGF, binding instead to VEGF-C and VEGF-D [53]. In 

addition to these RTKs, VEGF interacts with a family of coreceptors, the neuropilins 

(NRP). 

    VEGFRs share similar regulatory mechanisms with well-characterized receptor 

tyrosine kinases, by which include receptor dimerization and activation of the tyrosine 

kinase. Moreover, VEGFRs perform cellular processes that are common to many 
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growth factor receptors such as cell survival and proliferation. The summary of 

VEGFRs shows in Figure 1, VEGF-A binds to VEGFR-1 and VEGFR-2, which are 

expressed in the cell surface of most blood ECs. In contrast, PLGF and VEGFB 

interact only with VEGFR-1. VEGFC and VEGFD bind VEGFR-2 and VEGFR-3, 

which is largely restricted to lymphatic EC. There is much evidence that VEGFR-2 is 

the major mediator of EC mitogenesis and survival, as well as angiogenesis and 

micro-vascular permeability. VEGFR-1 has an established signaling role in mediating 

monocyte chemotaxis. Also, in hematopoietic stem cells (HSC) or leukemic cells, 

both VEGFR-1 and VEGFR-2 may mediate a chemotactic and a survival signal [43].  

 

1.3.1 VEGFR-1  

VEGFR-1 or Flt-1 (fms-like-tyrosine kinase-1) was the first discovery of VEGF 

receptor [54]. The VEGFR-1 tyrosine kinase exhibits all the conserved motifs that are 

required for kinase activity. The crystal structure of part of the VEGFR-1 extracellular 

domain shows that the Ig domain-2 is the major ligand binding site on the receptor in 

physiology and pathology. VEGFR-1 expression is unregulated by hypoxia by a 

HIF-1 dependent mechanism [55].VEGFR-1 binds not only VEGF-A but also PLGF 

and VEGF-B [40, 56]. The crucial role of VEGFR-1, as mentioned above, was 

determined by Fong, 1995, which revealed that when disruption of VEGFR-1 gene in 
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mice resulted in embryonic lethality. 

    In addition to the full length of VEGFR-1, there is an alternatively spliced 

soluble form of VEGFR-1 (sFlt-1), which has been shown to be an inhibitor of VEGF 

activity [57]. Hence, not only the full length membrane bound form of VEGFR-1 but 

sFlt-1 as well could perform a decoy function, which sequesters VEGF and prevent its 

interaction with VEGFR-2 [58].  

    In some cases, VEGFR-1 is expressed by tumor cells and probably mediates a 

chemotatic signal, thus potentially extending the role of this receptor in cancer growth. 

For instance, Wu and collaborates indicated that VEGF-A autocrine growth activity is 

acquired by certain human breast tumor cell lines defined by expression of VEGFR-1 

[59]. 

    Anchoring of the extracellular domain of VEGFR-1 to the cell membrane is 

important, as 50% of the mice that lack both of the tyrosine kinase domains and the 

transmembrane domain died at embryonic stage, owing to vascular malformation [60]. 

This study indicates that endothelial cells develop but fails to organize in vascular 

channels. Excessive proliferation of angioblasts has been reported to be responsible 

for such disorganization and leathality, indicating that, at least during early 

development, VEGFR-1 is a negative regulator of VEGF action [61]. By contrarily, 

many evidence also indicated that VEGFR-1 is a positive regulator of monocyte and 
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macrophage migration [62, 63].  

 

1.3.2 VEGFR-2 

At the same time VEGFR-1 was discovered, Shalaby et al. found VEGFR-2, another 

receptor for VEGF, and proposed that VEGFR-2 had similar characteristics and 

continuously shows today. Biochemical analyses showed that the second and third 

Ig-like domains in VEGFR-2, also known as kinase domain region (KDR), is 

important for the determination of ligand binding specificity for VEGF [64]. 

VEGFR-2 undergoes RTK dimerization and strong ligand-dependent tyrosine 

phosphorylation in intact cells. 

    There are many studies indicating that VEGFR-2 is the major mediator of the 

mitogenesis, survival, and permeability enhancing effects of VEGF-A in endothelial 

cells [32]. VEGF binds to VEGFR-2 and stimulates activation of Ras in HUVECs. 

Besides, Ras activation has been coupled to an angiogenic phenotype of endothelial 

cells [65]. The early finding that the binding of VEGF to VEGFR-2 is enhanced by 

heparin has been confirmed by recent studies, which shows that heparin amplifies 

signalling by VEGF. Byzova et al. have reported that VEGFR-2 activation by VEGF 

results in PI3 kinase/Akt-dependent activation of several integrins, which indicates 

that VEGF enhanced cell adhesion, migration, soluble ligand binding [66]. Moreover, 
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VEGFR-2 activation has been shown to be required for the antiapoptotic effects of 

VEGF for human umbilical vein endothelial cells (HUVECs) [29]. 

 

1.3.3 VEGFR-3 and Neuropilin  

VEGFR-1 and VEGFR-2 are expressed on the surface of blood endothelial cells. By 

contrast, VEGFR-3 (Flt-4) is largely restricted to lymphatic endothelial cells. In recent 

studies, VEGFR-3 is important for lymphatic endothelial cell development and 

function [53].  

    Neuropilin-1 (NRP1), as its name suggests, is a molecular that is implicated in 

neuronal guidelince and had been previously shown to bind the collapsin/semaphorin 

family. NRP1 is a cell surface glycoprotein that lacks intrinsic catalytic activity, a 

receptor for the heparin-binding isoforms of VEGF, and seems to present VEGF165 to 

VEGFR-2 in a manner that potentiates VEGFR-2 signaling [67]. This result shows 

that neuropilin stabilizes the VEGF/VEGFR-2 signaling complex when expressed on 

adjacent cells. 

 

1.4 Negative regulators of angiogenesis and angiogenesis inhibitor 

In a normal physiological condition, angiogenesis is a regulated process and seems to 

be under the control of both positive and negative regulatory factors. Several 
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fragments of large proteins have been discovered as endogenous inhibitor of 

angiogenesis; i.e, thrombospondin, endostatin, tumstatin and vasostatin. [68-71], but 

relatively little is known about their role in the physiological regulation of 

angiogenesis. The precise mechanism of action of these proteins remains to be more 

clearly defined, although several hypotheses have been proposed [72]. 

    The similar concept was also used in cancer therapy. In 1971, Folkman proposed 

that inhibition of angiogenesis was a strategy to treat cancer, and ever since then it 

initiates the inhibitors that associated with angiogenesis. In 1989, interferon alpha 

(IFN-α), the first clinical trial of an antiangiogenic agent which decreases production 

of the angiogenic protein FGF made by tumors, was began for the treatment of 

life-theatening hemangioma. Furthermore, The United States Food and Drug 

Administration (FDA) approved TNP-470, a low molecular weight agent which 

selectively inhibits proliferation and migration of endothelial cells, to be used in 

clinical trials for a wide variety of cancers in clinics. From then on, there are many 

strategies toward this field, for example, inhibition of the influx of calcium into cells 

to suppress proliferation of endothelial cells [73], or inducement of inflammation in 

tumors, which destroying growing capillaries [74]. 

    Antiangiogenesis therapy does not directly target tumors. Instead, it interferes 

with the expanding network of blood vessels and attacks blood supply in tumors to 
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suppress proliferation, and angiogenesis. So far, many angiogenesis inhibitors are 

proved successfully in vivo and in clinical trials, inhibitors based on anti-VEGF were 

major. 

 

1.5 Anti-angiogenesis therapy through inhibiting VEGF signaling 

VEGF is now general considered a central in the process of angiogenesis. Apart from 

the molecular interactions that are discussed above, several different strategies have 

been designed to target VEGF/VEGFR signal transduction, including small molecules 

inhibiting VEGFR signal transduction, humanized anti-VEGF monoclonal antibody, 

anti-VEGFR-1 antibody, anti-VEGFR-2 antibody, and a VEGFR chimeric protein 

[75]. 

 

1.5.1 Small molecules 

Lots of small-molecule receptor tyrosine kinase inhibitors targeting the VEGF 

receptors have been developed. Such as SU5416 [76], ZD4190 [77], and 

PTK787/ZK2284 [78] are all small molecules as ATP mimics that target VEGFR-2 

tyrosine kinase and have been shown to inhibit angiogenesis and tumorigenesis in 

animal models. The most advanced are BAY43-9006 and SU11248 [79]. 

BAY43-9006, also named Sorafenib, is a multi-targeted kinase inhibitor, including 
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VEGFR-2, PDGFR-β, Flt-3 and c-kit, which have been tested in large phase III 

clinical trials for treatment of metastatic kidney cancer. The FDA-approved SU11248, 

which named as Sunitinib, also targets multiple kinases, which inhibits VEGFRs, 

PDGFR, c-kit and Flt-3, for treatment of gastro-intestinal stoma tumor. 

 

1.5.2 Anti-VEGF antibody 

Tumor growth inhibition has been demonstrated by numerous laboratories using many 

anti-VEGF approaches. One of these is inhibiting angiogenesis by treatment with 

antibodies against VEGF. This reported anti-VEGF monoclonal antibodies exert a 

potent inhibitory effect on the growth of several tumor cells lines in nude mice, 

whereas the antibody had no effect on the tumor cells in vitro [80]. Subsequently, 

many other tumor cells lines were found to be inhibited in vivo by anti-VEGF 

monoclonal antibodies [81, 82] . 

    One of the most well-known monoclonal antibody to VEGF is bevacizumab 

(Avastin) which was a humanized antibody and approved for the treatment of 

metastatic colorectal cancer by US Food and Drug Administration (FDA) [83]. 

Furthermore, bevacizumab has applicability to other tumor types, such as 

non-small-cell lung cancer (NSCLC), prostate cancer, renal cell cancer [84]. Willett 

and his colleagues had shown that VEGF blockade with bevacizumab decreases 
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tumor perfusion, vascular volume, microvascular density, interstitial fluid pressure 

and the number of viable circulating endothelial and progenitor cells in colorectal 

cancer patients [85]. The strategy of anti-VEGF acts by blocking tumor associated 

angiogenesis, which appears to be widely required by many different types of tumors. 

Therefore, this strategy may be usefully against different types of cancer. 

 

1.5.3 Anti-VEGF receptors antibody 

As anti-VEGF antibody, anti-VEGF receptors antibody was produced to inhibit 

angiogenesis through VEGF signaling transduction. Several anti-VEGFR-2 inhibitors 

are being clinically pursued. In 1999, Prewett and colleagues reported that anti-Flk 

(fetal liver kinase 1, VEGFR-2 in mouse) monoclonal antibody, and results showed 

that blockade of the Flk-1 receptor by systemic administration of the monoclonal 

antibody inhibits angiogenesis in animal models and the growth of several mouse and 

human tumors [86]. Skobe et al. have shown previously in a malignant keratinocyte 

invasion model that anti-Flk-1 monoclonal antibody treatment inhibits endothelial cell 

proliferation and induces endothelial cell apoptosis that leads to vessel regression. 

Furthermore, the use of anti-VEGFR-2 therapy in combination with conventional 

chemotherapy, radiotherapy or immunotherapy may improve the efficacy of 

anti-VEGFR-2 antibody [87]. 
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1.5.4 Soluble VEGF receptors 

Initial attempts to block VEGF by using a bevacizumab are beginning to show 

promise in human cancer patients, underscoring the importance of targeting VEGF 

pathway. Therefore, this clinical promise of humanized monoclonal antibody 

highlights the need to optimize blockade of this pathway. In 2002, Holash and 

collaborates engineered a soluble VEGF receptor, VEGF-Trap. The parental 

VEGF-Trap was created by fusing the first three Ig domains of VEGFR-1 to the Fc 

region of human IgG. Also, their variant, a chimeric soluble receptor consisting of 

domain 2 fused with domain 3 of VEGFR-2, was also created to determine the 

requirements to maintain high affinity while extending in vivo half-life [88]. 

Furthermore, it has been proposed that this fusion between the Fc region of human 

IgG1 and the Ig domain of VEGFRs represent an advantage over antibodies because 

they can result in higher binding affinity [89]. Luckily, VEGF-trap is also undergoing 

clinical development as an anti-cancer agent and is in Phase II/III trials for ovarian 

cancer. 

 

1.5.5 Peptides  

In recent researchers, some peptides selected with phage display were used as 
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antagonist of VEGF to its receptor [90-92]. Besides, a cyclic peptide corresponding to 

amino acids 79-93 of the VEGF sequence was reported to inhibit angiogenesis [93]. 

Moreover, the chemotherapeutic drugs combined with some small peptides were used 

currently cancer therapy. Peptide-mediated delivery of the drugs selectively to tumor 

and tumor associated neo-vessels [94].  

     

1.5.6 Others 

Another strategy to antagonist VEGF signaling transduction is aptamers. Aptamers 

were nucleic acids that can be highly potent antagonists of enzyme catalysis or of 

specific protein-protein interactions. In 1998, Ruckman proposed that an aptamer that 

interacts with the heparin-binding domain of VEGFA165. They have already isolated 

and modified 2’F-pyrimidine RNA nucleotide ligands by using the SELEX 

(systematic evolution of ligands by exponential enrichment) process. The results show 

that the binding ability of these aptamers to human VEGFA165 as well as murine 

VEGF164. Also, these aptamers potently inhibit the binding of VEGF to the human 

VEGF receptors, VEGFR-1 and VEGFR-2, expressed by transfected porcine aortic 

endothelial cells. Successfully, this VEGF-neutralizing aptamer, pegaptanib or 

Mucugen, became the anti-VEGF inhibitor to be approved by the FDA for the 

treatment of age-related macular degeneration (AMD), which is an effective at 



20 

slowing vision loss. 

 

1.6 Research rationale and strategy 

Here we report a novel antibody-like molecule, RBDV-IgG1 Fc chimeric proteins, 

constructed by fusing the receptor binding domain of VEGF (RBDV) with the 

constant region of human IgG1.  

    VEGF is an important growth factor of promoting specific mitogen and 

formation of blood vessels in pathological angiogenesis of tumor growth. The 

biological properties make VEGF as an important therapeutic target, and it has been 

shown that anti-VEGF signal pathway can inhibit tumor growth in vivo. At molecular 

level, VEGF activity is mediated by its interaction with two distinct receptors, 

VEGFR-1 and VEGFR-2. Charge reversal and alanine scanning mutagenesis have 

allowed identification of the receptor-binding domain of VEGF for VEGFR-2, which 

amino acids lined between 8 and 109 of full VEGFA165 [44]. Most importantly, the 

loss of the heparin-binding domain, the amino acids 111-165, results in a reduction in 

the mitogenic activity of VEGF [95]. 

    The IgG1 subclass was selected because it is arguably the most active in the 

immune systems, being able to engage receptors on cytotoxic effective cells, called 

FcγR, and to activate complement and destroy target cells, effectively [96]. The Fc 
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component contains the hinge region, CH2 domain, and CH3 domain, but not the 

CH1 domain of IgG. The hinge and Fc regions form a conventional scaffold and 

flexibility for presenting functional RBDV domain. Furthermore, Fc provides a ready 

means for detection of the expression of chimeric receptors. 

    We expected RBDV as an antagonist to suppress VEGF signaling, and addition 

of constant region of human IgG1 could promote structure and stability of the fusion 

protein [97]. In previous data, RBDV-IgG1 Fc can bind to human VEGF receptors, 

VEGFR-1 and VEGFR-2, and be as an antagonist that inhibits the physiological 

interactions between VEGF to its receptors in vitro. Moreover, we determined that 

RBDV-IgG1 Fc could also be effective at inhibiting tumorigenesis and angiogenesis 

of B16/F10 melanoma cells inoculated into immunocompetent mice in vivo.  
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Chapter 2 Material and Methods 

2.1 Material 

2.1.1 Plasmid 

PAAV-MCS/IgG1 Fc and pAAV-MCS /RBDV-IgG1 Fc were constructed by Yo-shong 

Chung and the map and full sequence of two plasmids are in the Appendix1. 

 

2.1.2 Cell lines 

Human epithelial kidney (HEK) 293T cells, mouse melanoma cells (B16/F10), and 

mouse vascular epithelium cells (SVEC4-10) were maintained in Dulbecco's modified 

Eagle medium (DMEM; Invitrogen, Gaithersburg, MD) containing 10% FBS (Fetal 

bovine serum qualified; Invitrogen, Gaithersburg, MD) and 1% penicillin- 

streptomycin amphotericin B (PSA; Biological industries, USA). Mouse endothelial 

cells (MS1) were cultured in DMEM supplemented with 5% FBS and 1% PSA. All 

the cells were incubated in tissue culture incubator with 5% CO2 at 37℃. Except for 

SVEC4-10 was obtained from Dr. Tsai Nu-man, other cells were obtained from 

BCRC (Food Industry and Development Institute, Taiwan). 

 

2.1.3 Mice 

C57BL/6JNarl six- to eight-week female mice were purchased from the National 



23 

Taiwan University Laboratory Animal Center (Taipei, Taiwan, R.O.C.) and housed in 

the Animal Maintenance Facility of National Chiao Tung University (Hsin-chu, 

Taiwan, R.O.C.).   
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2.2 Method 

2.2.1 Amplification of pAAV-MCS/IgG1 Fc and pAAV-MCS /RBDV-IgG1 Fc 

2.2.1.1 Transformation 

The competent cell, E. coli Top 10 strain (Invitrogen, USA), was used for 

transformation. Each plasmid was diluted with sterile water to 1µg/ml. One vial of 

stored competent cells (100 µl) was thawed and kept on ice. One µl of the diluted 

plasmid was first mixed into each vial containing the competent cells by stirring and 

then incubated for 30 minutes on ice. Then, the vials were heat shocked for exactly 90 

seconds in a 42°C water-bath and placed on ice for additional 2 min. 250 µl of LB 

broth medium (1% tryptone, 0.5% yeast extract, 1% NaCl) were added to each tube 

and the vials were incubated at 37°C for 1 hour at 230 rpm shaking. The vials with the 

transformed cells were placed on ice after shaking. 100 µl of each transformation 

were spread out evenly on the agar plates with ampicillin (50µg/ml). Plates were then 

inverted and incubated at 37°C for 16 hours.  

 

2.2.1.2 Midi-preparation 

For further midi-preparation experiments, single colony was picked from each 

transformation, placed into 100 ml of LB broth medium containing ampicillin 

(50µg/ml) and incubated at 37°C for 20 hours at 230 rpm shaking incubator. Then, LB 



25 

broth medium with bacteria were centrifuged at 8,000 rpm for 15 min, the supernatant 

was discarded, and the bacterial pellet was resuspended in 4 ml of Buffer S1 (50 mM 

Tris-HCl, 10mM EDTA, 100μg/ml RNase A, pH8.0). Four ml of Buffer S2 lysis 

buffer (200 mM NaOH, 1% SDS) was added, the sample was gently mixed by 

inverting 6-8 times, and the bacteria were allowed to lyse for 3 min at room 

temperature. Four ml of ice-cold Buffer S3 neutralization solution (2.8 M KAc, pH 

5.1) was added. The sample was gently mixed by inverting 6-8 times, before being 

incubated on ice for 5 min. Then, the mixture was centrifuged at 10,000 rpm for 30 

min at 4°C. The clear solution was applied onto NucleoBond ion-exchange resin, 

which was pre-equilibrated with 5 ml Buffer N2 (100 mM Tris base, 15% ethanol, 

900 mM KCl, 0.15% Triton X100, adjusted to pH 6.3 with H3PO4). The column was 

washed 2 times with 10 ml Buffer N3 (100 mM Tris, 15% ethanol, 1M KCl, adjusted 

to pH6.3 with H3PO4). Plasmid DNA was eluted from the column with 5 ml high-salt 

Buffer N5 (100 mM Tris base, 15% ethanol, 1M KCl, adjusted to pH 8.5 with H3PO4). 

The plasmid DNA was precipitated with 0.7 volumes isopropanol, kept on ice for 10 

min and centrifuged at 13,000 rpm for 30 min at 4°C in 1.5 ml tube. The DNA pellets 

were washed with ice-cold 70% ethanol, air-dried and dissolved in 20 µL sterile water. 

The concentration of the DNA was determined by measuring the absorbance at 

260/280 nm. 
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2.2.1.3 Restriction enzyme digestion 

Restriction enzyme digestion was used for checking plasmids. Restriction enzyme 

digestion of IgG1 Fc and RBDV-IgG1 Fc fragment were carried out in 20 µl volumes 

using the appropriate restriction enzyme buffer, as recommended by the manufacturer 

(Promega, WI, USA), supplied with the enzyme and incubated at 37°C. Digestion of 

plasmid DNA was fractionated by electrophoresis through a 1.5% agarose gel and was 

analyzed with UV photography system (EZlab, USA) after ethidium bromide (EtBr) 

staining. 

 

2.2.2 Expression of chimeric proteins 

2.2.2.1 Transfection of HEK-293T cell 

HEK 293T cells were plated and distributed evenly at 4×106 cells per 100 mm tissue 

culture plate in 10 ml of DMEM growth medium. After 12 hours of incubation, 

70-80% confluent of the plates. Pipette 10 μl of desired plasmid solution (1μg/ml) 

into a 10 ml glass tube containing 1 ml of 0.25M CaCl2 solution and mix gently. At 

the same time, pipette 1ml of 2×HBS buffer (280 mM NaCl, 1.5 mM Na2HPO4 and 

50 mM HEPES, pH7.1) into a second 10 ml glass tube. Then, the 1.01 ml 

plasmids/CaCl2 mixture was pipetted into the second tube containing 2×HBS solution. 
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All the reagents were mixed by repeated pipetting, immediately adding the mixture of 

plasmids/CaCl2/HBS to the cell on the plate, and swirling gently to distribute the 

plasmid suspension evenly in the growth medium. After 6 hours of incubation, the 

medium was removed from the plate and replaced with 25 ml of fresh DMEM growth 

medium. 

 

2.2.2.2 Expression and purification of chimeric proteins 

The generated vectors were then transfected into HEK-293 cells using the 

calcium-phosphate method as described in the instruction manual of pAAV 

helper-free system (Stratagene, La Jolla, CA, USA). Supernatants from plasmid 

transfected HEK-293 cells were harvested (0.45 filtered) after a 48-hour incubation 

upon adding the fresh DMEM growth medium added. All supernatants were passed 

over a 2 ml protein G agarose affinity chromatography column (Upstate, Lake Placid, 

NY, USA). The column was next washed with TBS buffer (50 mM Tris-HCl, and 150 

mM NaCl, pH 7.4). Bound proteins were eluted with TBS buffer, pH 2.7, and 

neutralized immediately with the neutralization buffer, pH 8.0 (1 M Tris-HCl, 1.5 M 

NaCl, and 1 mM EDTA). Following this neutralization, the eluted fractions from 

protein G column were loaded onto 1 ml nickel-charged HisTrap HP affinity column 

(Amersham Biosciences, Piscataway, NJ, USA), washed with binding buffer (20 mM 
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NaH2PO4, 0.5 M NaCl, 30 mM imidazole, pH7.4), and eluted with elution buffer (20 

mM NaH2PO4, 0.5 M NaCl, 500 mM imidazole, pH7.4). The buffer was desalted by 

using sephadex G-25 (Amersham Biosciences). The recombinant proteins in PBS 

were concentrated by the Centricon centrifugal filter unit (Millipore, MA, USA). 

Protein concentration was determined by comparing it to a BSA standard curve.   

 

2.2.2.3 SDS-PAGE and Western blot 

The high-purity proteins, IgG1 Fc and RBDV-IgG1 Fc, were separated with 10% 

SDS-polyacrylamide gel electrophoresis, before being transferred to Nitrocellulose 

membrane (PALL, FL, USA). Membranes were blocked with 5% of skim milk in 

phosphate buffered saline (PBS, 137 mM NaCl, 10 mM Na2HPO4, 2.7 mM KCl, 1.8 

mM KH2PO4, pH7.4). Protein bands were all recognized by using horseradish 

peroxidase (HRP)-conjugated antibodies, which are anti-human IgG antibody (AbD 

Serotec, Raleigh, NC, USA) and anti-his tagged antibody (Novus Biologicals, 

Littleton, CO, USA). The membrane was developed with enhanced 

chemiluminescence (ECL) system (Pierce Biotechnology, Inc., Rockford, IL, USA) 

and exposed to X ray film (Midsci, St. Louis, USA). PBST (0.05% Tween-20 in PBS) 

were used for all washing steps.  
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2.2.2.4 Stripping of Nitrocellulose membrane 

The membrane was stripped with stripping buffer (20mM glycine, 3.5mM SDS, 1% 

Tween20 in PBS, pH2.2) twice, and washed with PBST twice. Finally, the membrane 

was washed with PBS, and ready to be blocked with skim milk. 

 

2.2.3 Receptor binding assay in vitro 

2.2.3.1 Biotin label of proteins 

Five hundred μl of proteins were reacted with 2 μl of No-WeightTM Sulfo-SBED 

(Sulfosuccinimidyl [2-6-(biotinamido)-2-(p-azidobenzamido)-hexanoamido]-ethyl- 

1,3´-dithiopropionate; PIERCE, USA) in room temperature for 30mins. Nonreacted 

Sulfo-SBED was removed by using sephadex G-25 column, and the proteins were 

monitored in the fraction by mixing 10 μl of each fraction with 200 μl of BCATM 

Protein Assay Reagent (PIERCE, USA) in 96-well microtiter plate (Nunc, Denmark).  

 

2.2.3.2 ELISA 

Enzyme link immuno-sorbent assays (ELISA) were carried out to examine the 

binding activities of the RBDV-IgG1 Fc. 0.5 μg/well of the extracellular domain of 

mouse VEGFR-1 (R&D systems, MN, USA) or the extracellular domain of mouse 
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VEGFR-2 (R&D systems, MN, USA) in PBS were first coated onto the 96-well 

microtiter plate (Nunc, Denmark) at room temperature overnight. Wells were blocked 

by incubating with blocking buffer (2% skim milk, and 0.05% Tween-20 in PBS) for 

1 hour. The plates were washed with PBST three times, and then the biotin-labeled 

proteins were added into the coated plates. After washing the plates three times with 

PBST, the plates were then incubated with HRP-conjugate streptavidin (R&D systems, 

MN, USA) at room temperature for an additional 20 minutes. The reactions were 

developed by the addition of TMB substrate (KPL, Gaithersburg, MD, USA), and the 

colorimetric reactions were stopped with 1N HCl after 10 min. The absorbance was 

measured by ELISA reader (TECAN, Austria) at 450nm. 

 

2.2.4 Cell surface binding assay 

Flow cytometry was used to analyze the cell surface binding ability. MS1, B16/F10 

and SVEC4-10 cells were seeded at a density of 5×106 in a T75 flask. Viable cell 

counts were determined by trypan blue dye exclusion. MS1, B16/F10 and SVEC4-10 

cells were washed with PBS, detached by Versine (0.2% EDTA in PBS, pH=7.4), 

washed, and resuspended in flow cytometry buffer (1% bovine serum albumin in PBS, 

pH 7.4). Aliquots of 100 μl containing 5×105 cells were distributed in 15 ml 

centrifuge tube (Corning Inc., Corning, NY, USA). Cells were pre-incubated with 10 
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μg/ml of purified recombinant proteins for 1 hour at 4°C, followed by 1 hour of 

incubation with goat anti-human IgG fluorescein isothiocyanate (FITC) conjugate 

(Acris Antibodies GmbH, Hiddenhausen, Germany). The cells were washed three 

times with ice-cold flow cytometer buffer after incubation. Cell pellets were 

suspended in 1 ml flow cytomer buffer and analyzed with a FACScan flow cytometer 

(Becton Dickinson, San Jose, CA, USA). Negative controls were the cells incubated 

with anti-goat FITC, with no prior exposure to recombinant proteins. 

 

2.2.5 SVEC 4-10 and B16/F10 cells proliferation assay 

Five thousand SVEC 4-10 and B16/F10 cells were seeded onto the flat-bottomed well 

of a 96-well plate (Corning Inc., Corning, NY, USA) in DMEM growth medium, 

allowed to settled for 16 hours, incubated with recombinant proteins for 2 hours, and 

then challenged for 70 hours with human VEGF165 (Upstate Inc., Lake Placid, NY, 

USA) at a final concentration of 10 ng/ml. The proliferative response was measured 

by adding 1.9 mg/ml of MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carbo-xymetho 

xyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) (Promega, WI, USA) to each well 

followed by a further 2 hour incubation and spectrophotometric analysis at 492nm. 

The % of survival was calculated as the ratio of average OD values in wells 

containing recombinant proteins-treated cells to average OD of wells containing only 
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cells with MTS containing medium. 

 

2.2.6 Tube formation assay 

Fifty microliter of growth factor reduced matrigel (BD Biosciences, San Jose, CA, 

USA) was added to each well of a 96-well plate (Corning Inc., Corning, NY, USA), 

and allowed to be polymerized for 2 hours at 37℃. A suspension of 3×104 SVEC 4-10 

cells were incubated with recombinant proteins for 1 hour and passed into each well 

containing 16 ng/ml of VEGF. As the positive control, SVEC 4-10 cells were 

incubated with 16 ng/ml of VEGF (Upstate Inc., Lake Placid, NY, USA) alone. Cells 

were incubated for a further 16 hours at 37°C and photographed using a Olympus 

microscope (40× magnification). The total number of network formations was 

counted. 

 

2.2.7 Cell migration assay. 

8-µm pore Transwell (Costar, Corning, NY) was used. SVEC4-10 cells were 

pre-cultured with 10 µg/ml protein for 1 h (37 °C, 5% CO2), then washed with sterile 

PBS. These cells were next resuspended in DMEM growth medium, and plated 

(30,000 cells/well) in the upper well. The SVEC4-10 cells were allowed to migrate 

toward DMEM growth medium with 10ng/ml VEGF for 6 hrs (37 °C, 5% CO2), cells 
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on the top of the filter were removed with a cotton swab, and migrated cells on the 

underside were fixed with methanol, stained with Propidium Iodide (PI, 50μg/ml) and 

counted with fluorescence microscope. 

 

2.2.8 In situ tumor therapy. 

Female C57/BL6 (6-8 week age) was inoculated with 1×106 B16/F10 cells 

subcutaneously in 200μl PBS. When the tumor average volume was up to 50 mm3, 

mice were injected with 150μg protein in situ. Tumor volume was measured every 2 

days after injecting with proteins. Mice were sacrificed on the final day of the 

experiment, and tumors were removed, fixed by paraformaldehyde (4% 

paraformaldehyde in PBS, pH=7.4), and examined by microscopic H&E staining and 

IHC (immune- histochemistry) staining.  

 

2.2.8.1 HE staining 

For the histological HE staining of the B16/F10 melanoma tumor tissues (s.c. 

melanoma tumors with or without RBDV treatments), the tumors were harvested and 

fixed with 10% neutral formalin. The tissues were dehydrated using graded alcohols, 

cleared with xylene, and infiltrated with paraffin wax. The tissue was subsequently 

embedded with paraffin wax in molds, which facilitate tissue sectioning. Collect 
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sectioned tissues (4 μm/ section) from paraffin-embedded blocks on clean glass slides 

and dehydrated in an oven for 30 minutes at 60oC. Prior to staining, tissue slides were 

deparaffinized and rehydrated, then stained with Mayer’s hemotoxylin and Eosin Y 

solution for 3 minutes, respectively. After air-dry, tissue slides were mounted with 

mounting media and visualized under a Nikon light microscope camera system.  

 

2.2.8.2 Immunohistochemical staining (IHC staining) 

The Paraffin-embedded sections (7 μm/ section) were obtained from the tumors and 

were processed for immune-histochemical staining. A rat anti-mouse CD31 

monoclonal antibody (1/150 dilution; Novus Biologicals, Littleton, CO, USA) were 

used in immune-histochemical studies for 4oC overnight incubation. Briefly, the slides 

were treated with 3% hydrogen peroxide in 1×PBS for 10 min to block endogenous 

peroxidase activity after dewaxed and rehydrated processes. Next, the sections were 

washed three times with PBS-T (1×PBS containing 0.05% tween-20) for 5 min each 

time and non-specific reactions were blocked by 10% FBS in PBS for 10 min at room 

temperature. The sections were incubated with the anti-CD31 first antibody for 4oC 

overnight, biotin–conjugated anti-rat IgG secondary antibodies (1/1000 dilution) for 1 

hour at RT, and the immune complexes were visualized using the horseradish 

peroxidase–conjugated straptavidin. LSAB2 system (DAKO, Carpinteria, CA) was 
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used to visualize the immune complexes, and incubated with 0.5mg/ml 

diaminobenzidine and 0.03% (v/v) H2O2 in PBS for 10 min. Finally, sections were 

counterstained with hematoxylin, mounted and observed under a light microscope at 

magnifications of × 400 and photographed. 

 

2.2.9 Tumor therapy with i.v. injection. 

The female C57/BL6 (6-8 week age) was inoculated with 1×106 B16/F10 cells 

subcutaneously in 200μl PBS. When the tumor average volume was up to 30 mm3, the 

mice were intravenously (i.v.) injected with 150μg/kg proteins. The tumor volume 

was measured every 2 days after injecting with proteins. Mice were sacrificed when 

tumor grew up to 2,500mm3. Tumors and organs were obtained, fixed by 

paraformaldehyde, and examined by microscopic H&E staining and IHC staining.  

 

2.2.10 Statistic analysis 

Statistical analyses were done using SPSS statistics software (SPSS Inc., Chicago, IL, 

USA). The t-test was used when comparing two independent samples and ANOVA 

test was used when comparing multiple samples. A value of p < 0.05 was considered 

significant. 
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Chapter 3 Results 

3.1 Compare of receptor binding domain of VEGF between human and mouse.  

The mature VEGF165 of human has an 88.5% similarity to the VEGF164 of murine. 

Besides, many studies have already shown that the signal transduction of VEGF and 

its receptors can cross over between human and murine [98, 99]. It could not be 

confirmed whether the same part of VEGF had the same function between human and 

murine. Because of this doubt, the amino sequence of the receptor binding domain of 

VEGF (RBDV) between human and mouse was necessary to be determined. 

    The amino acid sequence of mouse VEGF was obtained from the NCBI protein 

database (NCBI No: NP_001020421). Two sequences was compared to find out the 

mouse receptor binding domain of VEGF (mRBDV), and the highest similarity was 

obtained when RBDV was compared with 179-288 amino acids of mouse VEGF. 

There was a 92.7% similarity between RBDV and mRBDV (Figure 2). According to 

the result in silico, it was thought that RBDV-Ig Fc might bind to mouse VEGF 

receptors in vitro. 

 

3.2 Expression and purification of chimeric proteins, IgG1 Fc and RBDV-IgG Fc. 

The IgG1 Fc and RBDV IgG1 plasmids were amplified by transforming into the E. 

coli DH5α strain, and extracted by Midi-praparation as described in 2.2.1.2. The 
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recombinant plasmid was confirmed by restriction enzyme digestion (Figure 4). The 

resulting constructs, pAAV-MCS/IgG1 Fc and pAAV-MCS/RBDV-IgG1 Fc, were 

transiently transfected into HEK-293 cells using calcium phosphate based methods as 

described in section 2.2.2.1. The efficiency of transfection of this method had been 

confirmed by pAAV-hrGFP vector (Strategene, USA; Figure 5). Expression of the 

secreted IgG1 Fc and RBDV-IgG1 Fc fusion proteins were confirmed by directly 

harvesting the culture supernatant followed by SDS-PAGE under reducing conditions, 

and transferred and blotted as described in 2.2.2.3. IgG1 Fc and RBDV-IgG1 Fc had 

immunoreactivity against both anti-his tag antibody; or an anti-human IgG antibody 

was detected (data none shown), where no signal could be detected in the vehicle 

group.  

    To purify the IgG1 Fc and RBDV-IgG1 Fc fusion proteins, the cultured 

supernatants were harvested after the initial transfection. The resulting supernatants 

were first loaded into a protein G affinity column. Elutes of the protein G affinity 

chromatography were subsequently applied onto a nickel-charged HisTrap affinity 

chromatography and were desalted by using sephadex G-25. Figure 6 is the flow 

chart of the purification. To determine the purity, coomassie-stained SDS-PAGE was 

performed (Figure 7).  The protein was a single band at ~38 kDa for IgG1 Fc and at 

~48 kDa for RBDV-IgG1 Fc with >95% of purity. The purified protein was also 
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confirmed by using the western blot with anti- human IgG antibody (Figure 8A) or an 

anti- his tag antibody (Figure 8B), the stripping buffer was used between recognition 

of antibodied. 

 

3.3 The activity of RBDV-IgG1 Fc binding to mouse VEGF receptor  

To directly confirm that RBDV-IgG1 Fc can also bind to mouse VEGF receptors as 

well as to human VEGF receptors, the sandwich enzyme-linked immune sorbent 

assay (ELISA) was used here. Because the recombinant extracellular domain of 

mouse VEGFR-1 and VEGFR-2 were fused with human Ig Fc domain and poly His, it 

was difficult to assay the binding activity with the ELISA. The sandwich ELISA was 

modified by coupling the biotin to the chimeric proteins, and detecting the binding 

activity of RBDV-IgG1 Fc with HRP-conjugate streptavidin. The immobilized mouse 

VEGFR-1 and VEGFR-2 extra- cellular domains were incubated with the 

RBDV-IgG1 Fc biotin-labeled protein, respectively. The results showed that the 

binding activity of the RBDV-IgG1 Fc to the immobilized VEGFR-1 (Figure 9) and 

VEGFR-2 (Figure 10) were strong and in a dose dependent manner. In contrast, the 

human IgG1 Fc could not bind to the mouse VEGF receptors, either in the VEGFR-1 

or VEGFR-2. 
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3.4 The activity of RBDV-IgG1 Fc binding to cells surface 

RBDV-IgG1 Fc was proven and confirmed to have a binding activity to the mouse 

VEGF receptors with ELISA. To further characterize the in vitro properties of the 

chimeric proteins, its ability to target the VEGF receptors expressed on the cell 

surface of MS1, B16/F10 and SVEC4-10 cells was tested for. MS1 cells were 

strongly probed with RBDV-Ig Fc (Figure 11A), because of the high expression of 

VEGFR-2 [100]. The B16/F10 and SVEC4-10 cells were less bound with RBDV-Ig 

Fc compared with MS1 cells (Figure 11B, C). The B16/F10 and SVEC cells had also 

been demonstrated to express VEGFR-1 and VEGFR-2. [100, 101]. According the 

results, we demonstrated that RBDV-Ig Fc can bind to the mouse VEGFR-1 and 

VEGFR-2 expressed on mouse cells. 

 

3.5 The suppressive potency and efficacy of RBDV-IgG1 Fc to SVEC4-10 cells 

proliferation in vitro. 

The VEGF signal transduction through the VEGFR-2 does indeed stimulate the 

proliferation of endothelial cells (Ferrara, 2003). After confirming the binding ability 

of RBDV-Ig Fc to mouse VEGFRs, in vitro proliferation assay was used as described 

in section 2.2.5 to determine the bio-function of RBDV-Ig Fc. The effect of 

RBDV-IgG1 Fc on SVEC4-10 cells was examined fist to confirm whether the specific 
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binding activity could suppress post-receptor signal through the VEGF, which 

enhances proliferation of endothelial cells. The SVEC4-10 cells (5×103 cells/well in a 

96-well plate) were incubated in the presence of IgG1 Fc, RBDV-IgG1 Fc or PBS, as 

a negative control, for 72 hours and the proliferation assay was determined by MTS. 

Pervious data showed that the presence of RBDV-IgG1 Fc (2.5 μg/ml), HUVECs did 

not show any significance in proliferation, as well as IgG1 Fc (2.5 μg/ml) (Appendix 

2, Figure 1A), but it was different on mouse endothelial cells. The results show that 

RBDV-Ig Fc could inhibit proliferation of SVEC4-10 cells with dose-dependence 

(Figure 12A), but there was no significant variation in efficiency by treating it with 

IgG1 Fc (Figure 12B). According to the previous results, we observed that RBDV-Ig 

Fc could inhibit the proliferation of HUVECs with VEGF stimulating in vitro 

(Appendix 2, Figure 1B). The SVEC4-10 cells were also treated with RBDV-Ig Fc in 

the condition of adding of the VEGF (10 ng/ml) to determine the proliferation of 

SVEC4-10 cells. As expected, the proliferative response of endothelial cells was 

significantly enhanced by the addition of 10 ng/ml of VEGF (Figure 12A). Besides, 

when the VEGF was co-incubated with different concentrations of RBDV-IgG1 Fc, 

cellular proliferation was reduced dose-dependently, whereas an equivalent 

concentration of the control, IgG1 Fc, had no significant effect on the cell growth, 

indicating this response was specific to the VEGF and an antagonistic action of 
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RBDV-IgG1 Fc.  

    Because of the binding ability of RBDV-Ig Fc to B16/F10 (Figure 11B), we also 

wondered whether RBDB-Ig Fc had the ability to inhibit proliferation of B6/F10. We 

treated B16/F10 cells with 2.5μg/ml RBDV-Ig Fc. No matter whether presenting 

VEGF stimulation or not, the proliferation of B16/F10 showed no significant 

difference from the negative group (Figure 13B). At the same time, the SVEC4-10 

cells were also treated in the same condition (Figure 13A). 

 

3.6 Effect of blockade of VEGF receptors on tube formation in vitro  

To investigate the angiogenesis mechanism in vitro, by which VEGFR-1 promotes 

capillary morphogenesis, the effect of RBDV-IgG1 Fc on capillary-like structures in 

SVEC4-10 cells was examined. SVEC4-10 cells were cultured with the presence of 

IgG1 Fc (10 μg/ml), RBDV-IgG1 Fc (10 μg/ml) or PBS for 1 hour before being given 

stimulation with VEGF (10 ng/ml), and allowed to incubate at 37℃ for 6 hours. The 

RBDV-IgG1 Fc strongly inhibited the VEGF-induced tube formation and capillary 

connections compared with VEGF alone or IgG1 Fc within VEGF stimulation. 

(Figure14 A, B, and C). In the presence of RBDV-IgG1 Fc, SVEC4-10 cells could 

not extend morphology to form a tube-like structure, and accumulated in aggregates. 

In contrast, IgG1 Fc alone did not cause a significant decrease in the VEGF-induced 



42 

tube and network formation (Figure 14B). These data showed that capillary 

connections were apparently blocked by the RBDV-IgG1 Fc. The number of capillary 

network connections in each group was also calculated (Figure 14D). 

 

3.7 RBDV-Ig Fc inhibited the endothelial cell migration in a Transwell system 

RBDV-Ig Fc (10 μg/ml) induced a significant inhibition of VEGF-stimulated 

endothelial cell migration from the upper chamber to the lower one through the 

membrane (Figure 15C) whereas IgG1 Fc had no any suppressive effect on migration 

ability of SVEC4-10 cells (Figure 15B). This result indicates that RBDV-Ig Fc could 

suppress the angiogenic factors-stimulated cell locomotion in responding to 

chemo-attractive surrounding.  

 

3.8 In vivo suppression of tumor growth with in situ RBDV-Ig Fc treatment. 

After confirming the function of RBDV-Ig Fc to inhibit proliferation, tube formation, 

and migration of endothelial cells, the efficiency of RBDV-Ig Fc by in situ injection 

was first determined. Female C57/BL6 (6-8 week age) was inoculated with 1×106 

B16/F10 cells to right dorsum in 200μl PBS subcutaneously. When the tumor average 

volume was up to 50 mm3, mice were injected with 150 μg proteins in situ. Tumor 

volume was measured every 2 days after being injected with proteins. After being 
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treated with 150 μg of RBDV Ig-Fc, the tumor growth was significantly inhibited in 2 

days (Figure 16). Moreover, RBDV-Ig Fc could suppress the B16/F10 tumor growth 

under 500 mm3 while tumor growth of other groups was up to 2500mm3.  

    After scarifying mice, their dorsal skin was regularly cut from them. The vessels 

were obvious in the negative (Figure 17A) and the Ig-G1 Fc (Figure 17B) groups, 

but not in the RBDV-Ig group (Figure 17C), regardless of whether the fountainhead 

of new vessels formed were from axilla. The results showed that RBDV-Ig Fc could 

be an antagonist of VEGF and inhibit B16/F10 tumor growth through 

antiangiogenesis.  

    Based on tumor sections of the H&E staining, the tumor associated blood vessels 

and around tumor were disrupted (Figure 18C) with the RBDV-Ig Fc treatment. 

Moreover, the tumor cells were also damaged randomly with the IgG1 Fc group 

(Figure 18B), which did not show any destruct effects in the negative group (Figure 

18A).  

 

3.9 RBDV-Ig Fc-mediated in vivo therapy with i.v. injection of mice bearing 

B16/F10 tumors. 

After confirming the suppressive ability of RBDV-Ig Fc to tumor growth with in situ 

treatment, the mice bearing B16/F10 were treated with an i.v. injection of RBDV-Ig 
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Fc twice every five days. As expected, the tumor growth after treatment with 

RBDV-Ig Fc was significantly suppressed (Figure 19) when compared with the 

negative group or IgG1 Fc group after the injection 4 days later. Besides, the damage 

of the tumor region was similar to the RBDV-Ig Fc treatment in situ (data not shown), 

the blood vessels and tumor around blood vessels were disrupted, whereas the there 

was a random damage of tumor section with the IgG1 Fc treatment. Moreover, the 

survival rate of the mice was extended with RBDV-Ig Fc treatment (Figure20). 

    The mice’s organs were separated, and stained with H&E to confirm the 

physiological toxicity of RBDV-Ig Fc. The kidney tissue with RBDV-Ig Fc treatment 

was damaged and lots of hollows were present in the junctions between cells (Figure 

21C). On the other hand, the kidney sections with IgG1 Fc treatment (Figure 21B) or 

negative group (Figure 21A) did not have any hollows or serious damage. In the 

spleen sections, there were some clots in IgG1 Fc (Figure 22B) and RBDV-Ig Fc 

(Figure 22C), and the connections within spleenocyte were broken in the RBDV-Ig 

Fc groups. RBDV-Ig Fc caused detrimental breaks in the liver (Figure 23C), in the 

meantime, the liver cells had little damage with the IgG1 Fc treatment (Figure 23B). 

According to the tumor and organs section, RBDV-Ig Fc has efficient ability to 

suppress angiogenesis and tumor growth, meanwhile, 150μg of chimeric protein 

caused physiological toxicity in C57/BL6 mouse model. 
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Chapter 4 Discussion 

    In cancer therapy, inhibition of the VEGF/VEGF receptors signal pathway has 

been shown to suppress angiogenesis in lots of models, including genetic models of 

cancer, leading to clinical development of a lot of VEGF inhibitors. Consequently, a 

novel chimeric protein is confirmed by fusing the receptor binding domain of human 

VEGFA165 to the Fc portion of the human IgG1 as an affibody, which is designed as 

antagonist that blocks the physiological interaction between VEGF ligands and its 

receptors, VEGFR-1 and VEGFR-2. It has been reported that Ig Fc portion could help 

maintain the tertiary structure of their CH-2 domain after glycosylation of IgG 

molecule [97]. Besides, glycosylation of the IgG molecule has been shown to 

significantly affect the resulting the ability of the antibody to participate in ADCC and 

complement system [102].  

    The stimulation of endothelial cells by growth factors, such as VEGF, is required 

for the process of angiogenesis [103]. In previous lab results, it has been shown that 

RBDV-Ig Fc could bind to human VEGFRs, VEGFR-1 and VEGFR-2, and inhibit 

angiogenesis through VEGF and its receptors interaction in HUVE cells in vitro. This 

can be strongly confirmed since the sequence alignment of receptor binding domain 

of VEGF (RBDV) of human and mouse share a 92.7% similarity. As expected, 

RBDV-Ig Fc fusion proteins can bind to immobilized mouse VEGF receptors, not 
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only VEGFR-1 but also VEGFR-2, in ELISA. We, therefore, demonstrated this 

receptor binding domain containing fusion protein could also bind to mice cells which 

express VEGF receptors on cell surface. According to the results, RBDV-Ig Fc could 

bind both endothelial cells and the melanoma cell, B16/F10, of which was reported 

VEGFR expression [101]. We also needed to confirm whether RBDV-Ig Fc could 

inhibit signal transduction cascades in mouse endothelial cells, SVEC4-10. Clearly, in 

the course of this study, we discovered that RBDV-Ig Fc consistently and significantly 

inhibited the proliferation of SVEC4-10 cells, and has also suppressed the 

proliferation when compared with their natural interactions with VEGF alone. This 

can be supported by the research of the carboxyl terminal of VEGF. The heparin 

binding region (amino acid 110-165) has been strongly indicated and that the heparin, 

through simultaneous binding to VEGF and its receptors increases in signal amplitude 

and duration [93]. Here our results have shown that the RBDV-Ig Fc inhibits VEGF 

receptor activation and mitogenesis in mouse endothelial cell no matter whether 

VEGF has been presented or not. Our results suggest that the mechanism of 

endothelial cell growth inhibition mediated by the chimeric proteins may due to the 

direct blocking of VEGF/VEGFR-2 interaction, resulting in inhibition of 

VEGF-induced VEGFR-2 activation.  

    It was proposed that the disturbance of VEGFR-1 activity results in vascular 
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malformation [60], though the role of VEGFR-1 in angiogenesis is still the object of 

debate. As we expected, VEGF-driven, capillary-like tube formation in SVEC4-10 

cells was strikingly decreased by RBDV-Ig Fc. Morphological changes of SVEC4-10 

cells, induced by VEGF, were inhibited by RBDV-Ig Fc. Moreover, the migration 

ability of SVEC4-10 cells, which was induced by VEGF, was partially suppressed by 

RBDV-Ig Fc. Base on the above results, we confirm that RBDV-Ig Fc could inhibit 

the signal transduction through VEGF and VEGFR-1 in vitro. According to the results 

above, RBDV-Ig Fc could block the angiogenesis signal transduction through 

competing against VEGF. 

    Several strategies have previously been reported to function as VEGF binding 

antagonists, including anti-VEGF antibody [81, 82], anti-VEGFR-2 receptor antibody 

[86], RNA-based aptamers [104], and various peptides [90-92]. Compared with the 

above molecules, RBDV-IgG1 Fc possesses some theoretical advantages, because it 

can target both VEGF main receptors, VEGFR-1 and VEGFR-2. Furthermore, 

coupling of the receptor binding domain of VEGF sequence to human IgG Fc region 

sufficiently blocks VEGF receptors and antagonizes VEGF activity. There are several 

theoretical advantages for targeting VEGFR receptors on endothelial cells as cancer 

therapeutics. First, VEGFR-2 is expressed exclusively on proliferating endothelial 

cells at tumor sites [105]; therefore, antagonists against the receptor may offer higher 
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specificity compared to other agents. Moreover, tumor vessel endothelial cells are in 

direct contact with the blood, and they have greater accessibility compared to 

antibodies against markers expressed on individual tumor cells.  

    With in situ injection of RBDV-Ig Fc, B16/F10 tumor growth was suppressed 

and was significantly smaller than control groups, PBS and IgG1 Fc; however, the 

proliferation of B16/F10 was not inhibited by RBDV-Ig Fc in vitro. We speculated 

that the proliferation of B16/F10 was not only driven by VEGF signal transduction, 

but also other growth factors in signal pathway; for example the hepatocyte growth 

factor (HGF), scatter factor (SF), and thrombin [106, 107]. Besides, blockade of 

angiogenesis which was activated by VEGFR-1 and VEGFR-2 signaling was 

necessary to efficiently inhibit B16/F10 melanoma growth and metastasis [108]. 

Hence, RBDV-Ig Fc could inhibit tumor growth of B16/F10 through the suppressing 

of the angiogenesis and proliferation of endothelial cells in vivo. 

    Tumor sections were obtained and stained with H&E, we discovered that tumor 

associated blood vessels and the area surrounding the tumor were disrupted (Figure 

18C) with RBDV-Ig Fc treatment. Moreover, the tumor cells were also damaged 

randomly within the IgG1 Fc group (Figure 18B), which did not show any destructive 

effects in negative group (Figure 18A). IgG-like fusion proteins may prove to be 

better choices over smaller molecule substances or fragments such as peptides for 
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other in vivo applications by providing the Fc domain that not only confers long 

pharmacokinetic half-life [97] but also supports secondary immune functions, such as 

antibody dependent cellular cytotoxicity (ADCC) and complement-dependent 

cytotoxicity (CDC). In a previous study, we have shown that RBDV-IgG1 Fc can 

induce cell-mediated cell cytotoxicity by NK cells (Appendix2, Figure2). Tumor cell 

killing by ADCC is triggered by the interaction between the Fc region of an antibody 

bound to a tumor cell, and the Fcγ receptors on immune effector cells, such as 

neutrophils, macrophages and natural killer (NK) cells. Among these receptors, 

FcγRIIIa is a predominant FcγR on NK cells [109, 110].  CDC is initiated by 

complement component C1q binding to the Fc region of IgG, which is bound to the 

surface of a tumor cell. Of these two isotypes, the IgG1 isotype is widely accepted as 

the most effective at recruiting the immune system. This is because the Fc regions of 

IgG1 interact strongly with all types of FγR on lymphoid and myeloid effectors and 

are strong complement activators [111, 112]. Because the damage of tumor cells was 

in cytoplasm, and there were not a lot of immune cells in the tumor region, we believe 

that the Ig Fc region of chimeric protein can damage tumor cells and endothelial cells 

by CDC. 

    After confirming the suppressive ability of RBDV-Ig Fc to tumor growth with in 

situ treatment, we treated mice bearing B16/F10 with i.v. injection of RBDV-Ig Fc 
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twice every five days. Tumor growth was effectively suppressed with RBDV-Ig Fc 

treatment and showed significant difference from other groups in 4 days after 

injection. The damage of the tumor region was similar to the RBDV-Ig Fc treatment 

in situ (data not shown). It is strongly believed that RBDV-Ig Fc not only could bind 

VEGF receptors in vitro, but also serve a function of targeting VEGF receptors in vivo. 

Heart, lung, spleen, liver, and kidney were also separated from mice. We discovered 

that RBDV-Ig Fc caused physiological damage in kidney (Figure 21C), spleen 

(Figure 22C), and liver (Figure 23C). The organ sections of the mice with IgG1 Fc 

treatment also showed a bit of break (Figure 21B, 22B, 23B). Although RBDV-Ig Fc 

caused physiological damage to mice, it indeed extended the survival rate of the mice 

with treatment of RBDV-Ig Fc (Figure20). According to the histological results, we 

believe that RBDV, as a targeting domain of RBDV-Ig Fc, could bind cells which 

expressed VEGF receptors in vivo; in addition, the systemic immune response was 

enhanced by the IgG1 Fc portion of the chimeric protein resulted in organ damage. 

    In summary, an effective strategy was demonstrated in the engineering of 

receptor binding domain of ligands against specific targeted cells which was fused 

with an appropriate Fc portion of IgG for their therapeutic capacity. Also, this 

chimeric protein, RBDV-Ig Fc, was effective in antiangiogenesis in vitro and 

suppressing B16/F10 tumor growth in C57/BL6 mouse model. It is believed that 
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RBDV-Ig Fc can be used in the treatment of the growth of human cancer cells, which 

was dependent on angiogenesis. The concept of using a receptor binding domain of 

growth factor conjugated with Fc portion of IgG might be a useful strategy for cancer 

therapy. 



52 

 

 

 

Figure 1. Role of the VEGF receptors. VEGFR-1 and VEGFR-2 are expressed in 
the cell surface of most blood ECs. Instead, VEGFR-3 is largely restricted to 
lymphatic EC. VEGF-A binds both VEGFR-1 and VEGFR-2. In contrast, PLGF and 
VEGFB interact only with VEGFR-1. VEGFC and VEGFD bind VEGFR-2 and 
VEGFR-3. There is much evidence that VEGFR-2 is the major mediator of EC 
mitogenesis and survival, as well as angiogenesis and microvascular permeability. 
VEGFR-1 has an established signaling role in mediating monocyte chemotaxis. Also, 
in hematopoietic stem cells (HSC) or leukemic cells, both VEGFR-1 and VEGFR-2 
may mediate a chemotactic and a survival signal. R1, VEGFR-1, R2, VEGFR-2; R3, 
VEGFR-3. (Olsson, A.K. et al. Nat. Rev. Molecular Cell Biology 2006) 

 



53 

 
 
 
Figure 2. Sequence alignment of human and mouse receptor binding domain of 
VEGF. The amino acid sequence of mouse VEGF was obtained from NCBI protein 
database (NCBI No: NP_001020421). Two sequences were compared to find out the 
mouse receptor binding domain of VEGF (mRBDV), and the highest similarity was 
obtained when RBDV compared with 179-288 amino acids of mouse VEGF. There 
was a 92.7% similarity between RBDV and mRBDV. 
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Figure 3. Gene construction of the chimeric proteins. The receptor binding domain 
of the human vascular endothelial growth factor (VEGF) was fused to the N terminal 
of the Fc fragment of IgG1, followed by the 6X his tag for protein purification. LS 
means the leader sequence; RBDV, the receptor binding domain of vascular 
endothelial growth factor; IgG1 Fc is the constant region of the Fc domain of human 
immunoglobulin G1. Human IgG1 Fc molecule was also created as a control. 
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Figure 4. Restriction enzyme digestion of the pAAV-MCS/IgG1 Fc and 
pAAV-MCS/RBDV-IgG1 Fc. In lanes 1 and 4: uncut plasmids, lane 1 is 
pAAV-MCS/RBDV-IgG1 Fc, and lane4 is pAAV-MCS/IgG1 Fc. In lanes 2 and 5: 
BamHI and HindIII digestion and the expected fragments of 1080 and 855 bp are 
obtained, respectively. In lanes 3 and 6: BamHI and XhoI digestion and the expected 
fragments of 340 and 753 bp in pAAV-MCS/RBDV-IgG1 Fc plasmid, 120 and 753 bp 
in pAAV-MCS/IgG1 Fc plasmid (arrow indicated) can be observed. M means 100 bp 
ladder marker. 
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Figure 5. The fluorescence expression in HEK-293 cell. HEK-293 cells were 
transfected with pAAV-MCS-hrGFP vector using calcium phosphate based 
transfection methods. (A) Light microscope picture of hrGFP-transfected HEK 293 
cells, 100X magnification. (B) Fluorescence microscope photograph of the 
hrGFP-transfected HEK-293 cell, 100X magnification. (C) Histograms of the 
hrGFP-transfected cells from 10,000 events measured with flow cytometer. The 
transfection efficiency in over 70%. 
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Figure 6. Flow chart of procedure for the purification of chimeric proteins. The 
culture supernatants of HEK-293T cells were harvested after transfection. The 
resulting supernatants were first applied into protein G affinity chromatography. 
Eluted fractions of Protein G were successively loaded into a nickel-charged HisTrap 
affinity chromatography and were desalted by using sephadex G-25. 
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Figure 7. SDS-PAGE analysis of recombinatant proteins. IgG1 Fc and 
RBDV-IgG1 Fc proteins were expressed and fisrt purified by protein G affinity 
chromatography, followed by HisTrap affinity chromatography and desalted by using 
sephadex G-25.Purified proteins were resolved by 10% SDS-PAGE under reducing 
condictions and stained with Coomassie blue. The molecular markers in kilodaltons 
(kDa) are shown on the left. 
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Figure 8. Characterization of purified chimeric proteins. Plasmid pAAV- 
MCS/IgG1 Fc or pAAV-MCS/RBDV-IgG1 Fc, driven by a human cytomegalovirus 
(CMV) immediate-early promoter, was transfected into human kidney epithelial 
(HEK) 293 cells. When the color of cultured medium changed to orange, cultured 
medium of transfectants were collected, run on reducing 10% SDS-polyacryamide gel 
electrophoresis, and then analyzed by Western blotting withAs for the purity of 
chimeric proteins, SDS-PAGE was further transferred onto NC membrane, analyzed 
by Wesern blotting with the antibody to human IgG (A) and to poly His (B).  
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Figure 9. Mouse VEGF Receptor 1 binding activities of purified RBDV IgG1 Fc. 
The binding activity of the purified RBDV-IgG1 Fc to immobilized mouse VEGFR-1. 
96-well plates was precoated with mouse VEGFR1- Fc (0.4μg/well in 100μl) at room 
temperature overnight. Different quantities of purified proteins with biotin labeled 
were added and incubated at room temperature for 1 hr, followed by incubation with 
HRP conjugate streptavidin for an additional 20 mins. The plates were then incubated 
with a peroxidase TMB substrate, followed by reading of the absorbance at 450 nm. 
(*P<0.05). The data performed here are the mean ±SD of three independent 
experiments (n=6) corresponding to PBS or IgG1 Fc control. 
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Figure 10. Mouse VEGF Receptor 2 binding activities of purified RBDV IgG1 Fc. 
The binding activity of the purified RBDV-IgG1 Fc to immobilized mouse VEGFR-2. 
96-well plates was precoated with mouse VEGFR2- Fc (0.4μg/well in 100μl) at room 
temperature overnight. Different quantities of purified proteins with biotin labeled 
were added and incubated at room temperature for 1 hr, followed by incubation with 
HRP conjugate streptavidin for an additional 20 mins. The plates were then incubated 
with a peroxidase TMB substrate, followed by reading of the absorbance at 450 nm. 
(*P<0.05). The data performed here are the mean ±SD of three independent 
experiments (n=6) corresponding to PBS or IgG1 Fc control. 
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Figure 11. Cell surface binding ability. RBDV-IgG1 Fc chimeric protein was 
detected by flow cytometric analysis using MS1(A), B16/F10(B), and SVEC4-10(C). 
The cells were incubated with chimeric proteins at 4 °C for 1 hour, followed by 
incubation with FITC-labeled goat anti-human IgG antibody for an additional hour 
(gray area). Cells stained with IgG1-Fc and followed staining with FITC-labeled goat 
anti-human IgG antibody were used as the negative control (solid line). 
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Figure 12. RBDV-IgG1 Fc inhibits the VEGF-induced proliferation of SVEC4-10 
cells in a dose-dependent manner. SVEC4-10 cells were pre-cultured in the 
presence of 1, 2.5, 5, 10, and 20μg/ml of RBDV-IgG1 Fc(A) or IgG1 Fc(B) (In lanes 
1, 2, 3, 4 and 5, respectively). In another condition, cells were pre-cultured in the 
presence of 2.5, 5, 10 and 20 μg/ml of RBDV-IgG1 Fc(A) or IgG1 Fc(B) before 
stimulation with 10ng/ml VEGF (In lanes 7, 8, 9, and 10, respectively) for 1 hour at 
room temperature. Cell proliferation was then measured with MTS proliferation assay 
as described in the “Materials and Methods”. The data shown as mean of proliferation 
inhibition percentages ±SD obtained from three independent experiments (n=9), * 
means p<0.05 when compared with the negative group. The VEGF (In lane 6, 10 
ng/ml) stimulated a significant increase in endothelial cell proliferation as compared 
to the control, PBS (Lane 1; #P<0.01). compared with VEGF stimulated proliferation, 
the growth of SVEC4-10 cells were significantly inhibited by RBDV-IgG1 Fc in a 
dose-dependent way. (@, p<0.05) 
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Figure 13. RBDV-IgG1 Fc inhibits the VEGF-induced proliferation of SVEC4-10 
cells, but not of B16/F10 cells. (A) SVEC4-10 cells and  (B) B16/F10 cells were 
incubated with chimeric proteins for 72 hours and proliferation profile was 
determined by 1.9 mg/ml MTS. NC, PBS control. In lane 1, 5μg/ml of RBDV-Ig was 
added. In lane 2, 5μg/ml of IgG1-Fc was added. In lane 3, 10ng/ml VEGF was added. 
In lane 4, RBDV-Ig and VEGF were added. In lane 5, IgG1 Fc and VEGF were added. 
The data shown here are the mean of proliferation inhibition percentages ±SD 
obtained from three independent experiments (n=9). VEGF (In lane 3, 10ng/ml) 
stimulated a significant increase in endothelial cell proliferation as compared to the 
negative control, PBS (# P<0.001). The proliferation of SVEC4-10 cells were 
significantly inhibited by RBDV-IgG1 Fc when compared with VEGF or IgG1 Fc 
group (* P<0.05). There was no significant effect of VEGF or RBDV-Ig on B16/F10 
cells. 
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Figure 14. Effect of RBDV-IgG1 Fc on in vitro tube formation, 100X 
magnification. To determine the angiogenic activity, the SVEC4-10 cells (3×104 
cells/well/100μl) were pre-incubated with IgG1 Fc (10 μg/ml) or RBDV-IgG1 Fc (10 
μg/ml) for 1 hour, and were added onto growth factor-reduced Matrigel with VEGF 
(10 ng/ml) in DMEM growth medium for 6 hours at 37°C. Under normal conditions, 
SVEC4-10 cells formed a network of tubes (A) that was enhanced when stimulated 
with VEGF (10 ng/ml). (B)SVEC4-10 cells were treated with IgG1 Fc. (C) Tube 
formation was apparently inhibited with RBDV-IgG1 Fc. (D) Three random fields 
were counted per well, and the total branches of the tube-like structures per field were 
calculated. The data represents a mean of the branch of tube-like structures ±SD 
obtained from three independent experiments (n=6). *P< 0.05 when compared with 
VEGF group. #P< 0.05 when compared with VEGF+IgG1 Fc group. 
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Figure 15. Effect of RBDV-IgG1 Fc on in vitro cell migration, 100X magnification. 
To confirm the migration activity, the SVEC4-10 cells (3×104 cells/well/100μl) were 
pre-incubated with IgG1 Fc (10 μg/ml) or RBDV-IgG1 Fc (10 μg/ml) for 1 hour, and 
were added into the upper well of Transwell whose lower well contains 10 ng/ml of 
VEGF in DMEM growth medium for 6 hours at 37°C. After 6 hours, the cells in the 
upper well were removed by cotton buds, and the migrated cells on the other side of 
membrane were fixed and stained with PI. (A) Migration ability was enhanced when 
stimulated with VEGF (10 ng/ml). (B)SVEC4-10 cells were treated with IgG1 Fc. (C) 
migration ability of SVEC4-10 cells was apparently inhibited with RBDV-IgG1 Fc. 
The small circular pores were 8μm pore of Transwell. (D) Three random fields were 
count per well, and the total number of cells were calculated. The data represents a 
mean of the branch of tube-like structures ±SD obtained from two independent 
experiments (n=4). *P< 0.05 when compared with VEGF group. #P< 0.05 when 
compared with IgG1 Fc group.  
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Figure 16. In vivo suppression of tumor growth with in situ RBDV-Ig Fc 
treatment. Female C57/BL6 (6-8 weeks of age) was inoculated with 1×106 B16/F10 
cells subcutaneously in 200μl PBS. When the tumor average volume was up to 50 
mm3, mice were injected with 150 μg proteins in situ. Tumor volume was measured 
every 2 days after injecting with proteins. The data represent a mean of tumor volume 
±SD obtained from two independent experiments (n=6). For RBDV-Ig group, *means 
P< 0.05 when compared with the negative group, # means P< 0.05 when compared 
with IgG1 Fc group. 
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Figure 17. Subcutaneous vascularizing of mouse dorsum. Mice were sacrificed 
when the tumor volume of negative group was up to 2,500 mm3. Dorsal skin was 
regularly cut from the mice. The vessels were obvious in (A) negative and (B) Ig-G1 
Fc groups, but not in RBDV-Ig group (C).  
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Figure 18. 
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Figure 18. H&E staining of tumor sections, 200X magnification. Portions of the 
tumors were fixed in 4% paraformaldehyde overnight and subsequently paraffin 
embedded and cut in slides. Tumor sections were stained with H&E. (A) Negative 
group which was injected with 200μl PBS had lots of disorder blood vessels (BV) and 
the growth of the melanoma tumor B16/F10 was active. Tumors of the IgG1 Fc group 
(B) were randomly damaged, whereas tumors of the RBDV-Ig (C) group were 
disrupted around blood vessels. 
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Figure 19. In vivo tumor therapy with iv. injection of RBDV-Ig Fc. Female 
C57/BL6 (6-8 weeks of age) was inoculated with 1×106 cells subcutaneously in 200μl 
PBS. When the tumor average volume was up to 30 mm3, mice were intravenously 
(i.v.) injected with 150μg protein and injected again after five days. ▼ means the day 
with protein injection. Tumor volume was measured every 2 days after injecting with 
proteins, and mice were sacrificed when tumor grew up to 2,500mm3. The data 
represents a mean of tumor volume ±SD obtained from two independent experiments 
(n=9). For RBDV-Ig group, *means P< 0.05 when compared with negative group, # 
means P< 0.05 when compared with IgG1 Fc group. 
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Figure 20.Survival rate of tumor therapy with iv. injection of RBDV-Ig Fc in vivo. 
Female C57/BL6 (6-8 weeks of age) was inoculated with 1×106 cells subcutaneously 
in 200μl PBS. When the tumor average volume was up to 30 mm3, mice were 
intravenously (i.v.) injected with 150 μg protein and injected again after five days. 
Mice were looked on as dead when tumor volume up to 2500mm3. RBDV Ig-Fc could 
efficiently extend survival of mice bearing B16/F10 tumor. 
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Figure 21. 
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Figure 21. H&E staining of kidney sections, 200X magnification. Portions of the 
kidneys were fixed in 4% paraformaldehyde overnight and subsequently paraffin 
embedded and cut in slides. kidney sections were stain with H&E. (A) Negative group, 
(B) IgG1 Fc group, and (C) RBDV-Ig Fc group. G means glomerulus.  
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Figure 22. 
 

   

 

 

 



77 

 

 
 

Figure 22. H&E staining of spleen sections, 400X magnification. Portions of the 
spleens were fixed in 4% paraformaldehyde overnight and subsequently paraffin 
embedded and cut in slides. Spleen sections were staind with H&E. (A) Negative 
group, (B) IgG1 Fc group, and (C) RBDV-Ig Fc group.  
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Fighre 23. 
 

 

 
 

 



79 

 

 
 
Figure 23. H&E staining of liver sections, 200X magnification. Portions of the 
livers were fixed in 4% paraformaldehyde overnight and subsequently paraffin 
embedded and cut in slides. Liver sections were stain with H&E. (A) Negative group, 
(B) IgG1 Fc group, and (C) RBDV-Ig Fc group. BV means blood vessels.  
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Appendix 1. Map of using plasmids 

The map of pAAV-MCS/IgG1-Fc 

pAAV-MCS / IgG1 Fc
5479 bp

Human IgG1 Fc

L-ITR
P CMV

beta-globin intron

hGH pA
R-ITR

f1 ori

ampicillin

pUC ori

IL-2 leader

6X His Tag

ApaI (2167)

BamHI (1338)

HindIII (2191)

 
Description start end 
IL-2 leader sequence 1357 1440 
Human IgG1 Fc 1441 2166 
L-ITR 1 141 
CMV 150 812 
Beta globin intron 820 1312 
6X His Tag 2169 2189 
Hgh Pa 2224 2702 
R-ITR 2742 2882 
F1 ori 2974 3280 
Ampicillin 3799 4656 
pUC ori 4807 5474 
Apa1 2167  
BamH1 1338  
HindIII 2191  
XhoI 1452  
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       1 CCTGCAGGCA GCTGCGCGCT CGCTCGCTCA CTGAGGCCGC CCGGGCAAAG 

      51 CCCGGGCGTC GGGCGACCTT TGGTCGCCCG GCCTCAGTGA GCGAGCGAGC 

     101 GCGCAGAGAG GGAGTGGCCA ACTCCATCAC TAGGGGTTCC TGCGGCCGCA 

     151 CGCGTGGAGC TAGTTATTAA TAGTAATCAA TTACGGGGTC ATTAGTTCAT 

     201 AGCCCATATA TGGAGTTCCG CGTTACATAA CTTACGGTAA ATGGCCCGCC 

     251 TGGCTGACCG CCCAACGACC CCCGCCCATT GACGTCAATA ATGACGTATG 

     301 TTCCCATAGT AACGTCAATA GGGACTTTCC ATTGACGTCA ATGGGTGGAG 

     351 TATTTACGGT AAACTGCCCA CTTGGCAGTA CATCAAGTGT ATCATATGCC 

     401 AAGTACGCCC CCTATTGACG TCAATGACGG TAAATGGCCC GCCTGGCATT 

     451 ATGCCCAGTA CATGACCTTA TGGGACTTTC CTACTTGGCA GTACATCTAC 

     501 GTATTAGTCA TCGCTATTAC CATGGTGATG CGGTTTTGGC AGTACATCAA 

     551 TGGGCGTGGA TAGCGGTTTG ACTCACGGGG ATTTCCAAGT CTCCACCCCA 

     601 TTGACGTCAA TGGGAGTTTG TTTTGCACCA AAATCAACGG GACTTTCCAA 

     651 AATGTCGTAA CAACTCCGCC CCATTGACGC AAATGGGCGG TAGGCGTGTA 

     701 CGGTGGGAGG TCTATATAAG CAGAGCTCGT TTAGTGAACC GTCAGATCGC 

     751 CTGGAGACGC CATCCACGCT GTTTTGACCT CCATAGAAGA CACCGGGACC 

     801 GATCCAGCCT CCGCGGATTC GAATCCCGGC CGGGAACGGT GCATTGGAAC 

     851 GCGGATTCCC CGTGCCAAGA GTGACGTAAG TACCGCCTAT AGAGTCTATA 

     901 GGCCCACAAA AAATGCTTTC TTCTTTTAAT ATACTTTTTT GTTTATCTTA 

     951 TTTCTAATAC TTTCCCTAAT CTCTTTCTTT CAGGGCAATA ATGATACAAT 

    1001 GTATCATGCC TCTTTGCACC ATTCTAAAGA ATAACAGTGA TAATTTCTGG 

    1051 GTTAAGGCAA TAGCAATATT TCTGCATATA AATATTTCTG CATATAAATT 

    1101 GTAACTGATG TAAGAGGTTT CATATTGCTA ATAGCAGCTA CAATCCAGCT 

    1151 ACCATTCTGC TTTTATTTTA TGGTTGGGAT AAGGCTGGAT TATTCTGAGT 

    1201 CCAAGCTAGG CCCTTTTGCT AATCATGTTC ATACCTCTTA TCTTCCTCCC 

    1251 ACAGCTCCTG GGCAACGTGC TGGTCTGTGT GCTGGCCCAT CACTTTGGCA 

    1301 AAGAATTGGG ATTCGAACAT CGATTGAATT CCCCGGGGAT CCACTAGTCC 

    1351 AGTGTGGTGG AATTGCCCTT ATGTACAGGA TGCAACTCCT GTCTTGCATT 

    1401 GCACTAAGTC TTGCACTTGT CACAAACAGT ATCCAGCACA GTGGCGGCCG 

    1451 CTCGAGTGAG CCCAAATCTT GTGACAAAAC TCACACATGC CCACCGTGCC 

    1501 CAGCACCCGA ACTCCTGGGG GGACCGTCAG TCTTCCTCTT CCCCCCAAAA 

    1551 CCCAAGGACA CCCTCATGAT CTCCCGGACC CCTGAGGTCA CATGCGTGGT 

    1601 GGTGGACGTG AGCCACGAAG ACCCTGAGGT CAAGTTCAAC TGGTACGTGG 

    1651 ACGGCGTGGA GGTGCATAAT GCCAAGACAA AGCCGCGGGA GGAGCAGTAC 

    1701 AACAGCACGT ACCGTGTGGT CAGCGTCCTC ACCGTCCTGC ACCAGGACTG 

    1751 GCTGAATGGC AAGGAGTACA AGTGCAAGGT CTCCAACAAA GCCCTCCCAG 

    1801 CCCCCATCGA GAAAACCATC TCCAAAGCCA AGGGGCAGCC CCGAGAACCA 

    1851 CAGGTGTACA CCCTGCCCCC ATCCCGGGAT GAGCTGACCA AGAACCAGGT 
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    1901 CAGCCTGACC TGCCTGGTCA AAGGCTTCTA TCCCAGCGAC ATCGCCGTGG 

    1951 AGTGGGAGAG CAATGGGCAG CCGGAGAACA ACTACAAGAC CACGCCTCCC 

    2001 GTGCTGGACT CCGACGGCTC CTTCTTCCTC TACAGCAAGC TCACCGTGGA 

    2051 CAAGAGCAGG TGGCAGCAGG GGAACGTCTT CTCATGCTCC GTGATGCATG 

    2101 AGGCTCTGCA CAACCACTAC ACGCAGAAGA GCCTCTCCCT GTCTCCGGGT 

    2151 AAAGTCGACG AGGGCCCGCA TCATCACCAT CACCATTGAA AGCTTGCCTC 

    2201 GAGCAGCGCT GCTCGAGAGA TCTACGGGTG GCATCCCTGT GACCCCTCCC 

    2251 CAGTGCCTCT CCTGGCCCTG GAAGTTGCCA CTCCAGTGCC CACCAGCCTT 

    2301 GTCCTAATAA AATTAAGTTG CATCATTTTG TCTGACTAGG TGTCCTTCTA 

    2351 TAATATTATG GGGTGGAGGG GGGTGGTATG GAGCAAGGGG CAAGTTGGGA 

    2401 AGACAACCTG TAGGGCCTGC GGGGTCTATT GGGAACCAAG CTGGAGTGCA 

    2451 GTGGCACAAT CTTGGCTCAC TGCAATCTCC GCCTCCTGGG TTCAAGCGAT 

    2501 TCTCCTGCCT CAGCCTCCCG AGTTGTTGGG ATTCCAGGCA TGCATGACCA 

    2551 GGCTCAGCTA ATTTTTGTTT TTTTGGTAGA GACGGGGTTT CACCATATTG 

    2601 GCCAGGCTGG TCTCCAACTC CTAATCTCAG GTGATCTACC CACCTTGGCC 

    2651 TCCCAAATTG CTGGGATTAC AGGCGTGAAC CACTGCTCCC TTCCCTGTCC 

    2701 TTCTGATTTT GTAGGTAACC ACGTGCGGAC CGAGCGGCCG CAGGAACCCC 

    2751 TAGTGATGGA GTTGGCCACT CCCTCTCTGC GCGCTCGCTC GCTCACTGAG 

    2801 GCCGGGCGAC CAAAGGTCGC CCGACGCCCG GGCTTTGCCC GGGCGGCCTC 

    2851 AGTGAGCGAG CGAGCGCGCA GCTGCCTGCA GGGGCGCCTG ATGCGGTATT 

    2901 TTCTCCTTAC GCATCTGTGC GGTATTTCAC ACCGCATACG TCAAAGCAAC 

    2951 CATAGTACGC GCCCTGTAGC GGCGCATTAA GCGCGGCGGG TGTGGTGGTT 

    3001 ACGCGCAGCG TGACCGCTAC ACTTGCCAGC GCCCTAGCGC CCGCTCCTTT 

    3051 CGCTTTCTTC CCTTCCTTTC TCGCCACGTT CGCCGGCTTT CCCCGTCAAG 

    3101 CTCTAAATCG GGGGCTCCCT TTAGGGTTCC GATTTAGTGC TTTACGGCAC 

    3151 CTCGACCCCA AAAAACTTGA TTTGGGTGAT GGTTCACGTA GTGGGCCATC 

    3201 GCCCTGATAG ACGGTTTTTC GCCCTTTGAC GTTGGAGTCC ACGTTCTTTA 

    3251 ATAGTGGACT CTTGTTCCAA ACTGGAACAA CACTCAACCC TATCTCGGGC 

    3301 TATTCTTTTG ATTTATAAGG GATTTTGCCG ATTTCGGCCT ATTGGTTAAA 

    3351 AAATGAGCTG ATTTAACAAA AATTTAACGC GAATTTTAAC AAAATATTAA 

    3401 CGTTTACAAT TTTATGGTGC ACTCTCAGTA CAATCTGCTC TGATGCCGCA 

    3451 TAGTTAAGCC AGCCCCGACA CCCGCCAACA CCCGCTGACG CGCCCTGACG 

    3501 GGCTTGTCTG CTCCCGGCAT CCGCTTACAG ACAAGCTGTG ACCGTCTCCG 

    3551 GGAGCTGCAT GTGTCAGAGG TTTTCACCGT CATCACCGAA ACGCGCGAGA 

    3601 CGAAAGGGCC TCGTGATACG CCTATTTTTA TAGGTTAATG TCATGATAAT 

    3651 AATGGTTTCT TAGACGTCAG GTGGCACTTT TCGGGGAAAT GTGCGCGGAA 

    3701 CCCCTATTTG TTTATTTTTC TAAATACATT CAAATATGTA TCCGCTCATG 

    3751 AGACAATAAC CCTGATAAAT GCTTCAATAA TATTGAAAAA GGAAGAGTAT 
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    3801 GAGTATTCAA CATTTCCGTG TCGCCCTTAT TCCCTTTTTT GCGGCATTTT 

    3851 GCCTTCCTGT TTTTGCTCAC CCAGAAACGC TGGTGAAAGT AAAAGATGCT 

    3901 GAAGATCAGT TGGGTGCACG AGTGGGTTAC ATCGAACTGG ATCTCAACAG 

    3951 CGGTAAGATC CTTGAGAGTT TTCGCCCCGA AGAACGTTTT CCAATGATGA 

    4001 GCACTTTTAA AGTTCTGCTA TGTGGCGCGG TATTATCCCG TATTGACGCC 

    4051 GGGCAAGAGC AACTCGGTCG CCGCATACAC TATTCTCAGA ATGACTTGGT 

    4101 TGAGTACTCA CCAGTCACAG AAAAGCATCT TACGGATGGC ATGACAGTAA 

    4151 GAGAATTATG CAGTGCTGCC ATAACCATGA GTGATAACAC TGCGGCCAAC 

    4201 TTACTTCTGA CAACGATCGG AGGACCGAAG GAGCTAACCG CTTTTTTGCA 

    4251 CAACATGGGG GATCATGTAA CTCGCCTTGA TCGTTGGGAA CCGGAGCTGA 

    4301 ATGAAGCCAT ACCAAACGAC GAGCGTGACA CCACGATGCC TGTAGCAATG 

    4351 GCAACAACGT TGCGCAAACT ATTAACTGGC GAACTACTTA CTCTAGCTTC 

    4401 CCGGCAACAA TTAATAGACT GGATGGAGGC GGATAAAGTT GCAGGACCAC 

    4451 TTCTGCGCTC GGCCCTTCCG GCTGGCTGGT TTATTGCTGA TAAATCTGGA 

    4501 GCCGGTGAGC GTGGGTCTCG CGGTATCATT GCAGCACTGG GGCCAGATGG 

    4551 TAAGCCCTCC CGTATCGTAG TTATCTACAC GACGGGGAGT CAGGCAACTA 

    4601 TGGATGAACG AAATAGACAG ATCGCTGAGA TAGGTGCCTC ACTGATTAAG 

    4651 CATTGGTAAC TGTCAGACCA AGTTTACTCA TATATACTTT AGATTGATTT 

    4701 AAAACTTCAT TTTTAATTTA AAAGGATCTA GGTGAAGATC CTTTTTGATA 

    4751 ATCTCATGAC CAAAATCCCT TAACGTGAGT TTTCGTTCCA CTGAGCGTCA 

    4801 GACCCCGTAG AAAAGATCAA AGGATCTTCT TGAGATCCTT TTTTTCTGCG 

    4851 CGTAATCTGC TGCTTGCAAA CAAAAAAACC ACCGCTACCA GCGGTGGTTT 

    4901 GTTTGCCGGA TCAAGAGCTA CCAACTCTTT TTCCGAAGGT AACTGGCTTC 

    4951 AGCAGAGCGC AGATACCAAA TACTGTCCTT CTAGTGTAGC CGTAGTTAGG 

    5001 CCACCACTTC AAGAACTCTG TAGCACCGCC TACATACCTC GCTCTGCTAA 

    5051 TCCTGTTACC AGTGGCTGCT GCCAGTGGCG ATAAGTCGTG TCTTACCGGG 

    5101 TTGGACTCAA GACGATAGTT ACCGGATAAG GCGCAGCGGT CGGGCTGAAC 

    5151 GGGGGGTTCG TGCACACAGC CCAGCTTGGA GCGAACGACC TACACCGAAC 

    5201 TGAGATACCT ACAGCGTGAG CTATGAGAAA GCGCCACGCT TCCCGAAGGG 

    5251 AGAAAGGCGG ACAGGTATCC GGTAAGCGGC AGGGTCGGAA CAGGAGAGCG 

    5301 CACGAGGGAG CTTCCAGGGG GAAACGCCTG GTATCTTTAT AGTCCTGTCG 

    5351 GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGTGATG CTCGTCAGGG 

    5401 GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GCGGCCTTTT TACGGTTCCT 

    5451 GGCCTTTTGC TGGCCTTTTG CTCACATGT 
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The map of pAAV-MCS/RBDV-IgG1 Fc 

pAAV-MCS / RBDV-IgG1 Fc
5700 bp

RBDV-IgG1 Fc

L-ITR
P CMV

beta-globin intron

hGH pA

R-ITR
f1 ori

ampicillin

pUC ori

6x His-tag

BamHI (1338)

HindIII (2412)

ApaI (2388)

XhoI (1673)

XhoI (2420)

XhoI (2434)

 
Dsecription Start End 
RBDV 1343 1671 
Human IgG1 Fc 1671 2388 
L-ITR 1 141 
CMV 150 812 
Beta globin intron 820 1312 
6X His Tag 2390 2407 
Hgh Pa 2445 2923 
R-ITR 2963 3103 
F1 ori 3195 3501 
Ampicillin 4020 4877 
pUC ori 5028 5695 
Apa1 2388  
BamH1 1338  
HindIII 2412  
XhoI 1673  
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     1 CCTGCAGGCA GCTGCGCGCT CGCTCGCTCA CTGAGGCCGC CCGGGCAAAG 

      51 CCCGGGCGTC GGGCGACCTT TGGTCGCCCG GCCTCAGTGA GCGAGCGAGC 

     101 GCGCAGAGAG GGAGTGGCCA ACTCCATCAC TAGGGGTTCC TGCGGCCGCA 

     151 CGCGTGGAGC TAGTTATTAA TAGTAATCAA TTACGGGGTC ATTAGTTCAT 

     201 AGCCCATATA TGGAGTTCCG CGTTACATAA CTTACGGTAA ATGGCCCGCC 

     251 TGGCTGACCG CCCAACGACC CCCGCCCATT GACGTCAATA ATGACGTATG 

     301 TTCCCATAGT AACGTCAATA GGGACTTTCC ATTGACGTCA ATGGGTGGAG 

     351 TATTTACGGT AAACTGCCCA CTTGGCAGTA CATCAAGTGT ATCATATGCC 

     401 AAGTACGCCC CCTATTGACG TCAATGACGG TAAATGGCCC GCCTGGCATT 

     451 ATGCCCAGTA CATGACCTTA TGGGACTTTC CTACTTGGCA GTACATCTAC 

     501 GTATTAGTCA TCGCTATTAC CATGGTGATG CGGTTTTGGC AGTACATCAA 

     551 TGGGCGTGGA TAGCGGTTTG ACTCACGGGG ATTTCCAAGT CTCCACCCCA 

     601 TTGACGTCAA TGGGAGTTTG TTTTGCACCA AAATCAACGG GACTTTCCAA 

     651 AATGTCGTAA CAACTCCGCC CCATTGACGC AAATGGGCGG TAGGCGTGTA 

     701 CGGTGGGAGG TCTATATAAG CAGAGCTCGT TTAGTGAACC GTCAGATCGC 

     751 CTGGAGACGC CATCCACGCT GTTTTGACCT CCATAGAAGA CACCGGGACC 

     801 GATCCAGCCT CCGCGGATTC GAATCCCGGC CGGGAACGGT GCATTGGAAC 

     851 GCGGATTCCC CGTGCCAAGA GTGACGTAAG TACCGCCTAT AGAGTCTATA 

     901 GGCCCACAAA AAATGCTTTC TTCTTTTAAT ATACTTTTTT GTTTATCTTA 

     951 TTTCTAATAC TTTCCCTAAT CTCTTTCTTT CAGGGCAATA ATGATACAAT 

    1001 GTATCATGCC TCTTTGCACC ATTCTAAAGA ATAACAGTGA TAATTTCTGG 

    1051 GTTAAGGCAA TAGCAATATT TCTGCATATA AATATTTCTG CATATAAATT 

    1101 GTAACTGATG TAAGAGGTTT CATATTGCTA ATAGCAGCTA CAATCCAGCT 

    1151 ACCATTCTGC TTTTATTTTA TGGTTGGGAT AAGGCTGGAT TATTCTGAGT 

    1201 CCAAGCTAGG CCCTTTTGCT AATCATGTTC ATACCTCTTA TCTTCCTCCC 

    1251 ACAGCTCCTG GGCAACGTGC TGGTCTGTGT GCTGGCCCAT CACTTTGGCA 

    1301 AAGAATTGGG ATTCGAACAT CGATTGAATT CCCCGGGGAT CCATGAACTT 

    1351 TCTGCTGTCT TGGGTGCATT GGAGCCTTGC CTTGCTGCTC TACCTCCACC 

    1401 ATGCCAAGTG GTCCCAGGCT GCACCCATGG CAGAAGGAGG AGGGCAGAAT 

    1451 CATCACGAAG TGGTGAAGTT CATGGATGTC TATCAGCGCA GCTACTGCCA 

    1501 TCCAATCGAG ACCCTGGTGG ACATCTTCCA GGAGTACCCT GATGAGATCG 

    1551 AGTACATCTT CAAGCCATCC TGTGTGCCCC TGATGCGATG CGGGGGCTGC 

    1601 TGCAATGACG AGGGCCTGGA GTGTGTGCCC ACTGAGGAGT CCAACATCAC 

    1651 CATGCAGATT ATGCGGATCA TCTCGAGTGA GCCCAAATCT TGTGACAAAA 

    1701 CTCACACATG CCCACCGTGC CCAGCACCCG AACTCCTGGG GGGACCGTCA 

    1751 GTCTTCCTCT TCCCCCCAAA ACCCAAGGAC ACCCTCATGA TCTCCCGGAC 

    1801 CCCTGAGGTC ACATGCGTGG TGGTGGACGT GAGCCACGAA GACCCTGAGG 

    1851 TCAAGTTCAA CTGGTACGTG GACGGCGTGG AGGTGCATAA TGCCAAGACA 
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    1901 AAGCCGCGGG AGGAGCAGTA CAACAGCACG TACCGTGTGG TCAGCGTCCT 

    1951 CACCGTCCTG CACCAGGACT GGCTGAATGG CAAGGAGTAC AAGTGCAAGG 

    2001 TCTCCAACAA AGCCCTCCCA GCCCCCATCG AGAAAACCAT CTCCAAAGCC 

    2051 AAGGGGCAGC CCCGAGAACC ACAGGTGTAC ACCCTGCCCC CATCCCGGGA 

    2101 TGAGCTGACC AAGAACCAGG TCAGCCTGAC CTGCCTGGTC AAAGGCTTCT 

    2151 ATCCCAGCGA CATCGCCGTG GAGTGGGAGA GCAATGGGCA GCCGGAGAAC 

    2201 AACTACAAGA CCACGCCTCC CGTGCTGGAC TCCGACGGCT CCTTCTTCCT 

    2251 CTACAGCAAG CTCACCGTGG ACAAGAGCAG GTGGCAGCAG GGGAACGTCT 

    2301 TCTCATGCTC CGTGATGCAT GAGGCTCTGC ACAACCACTA CACGCAGAAG 

    2351 AGCCTCTCCC TGTCTCCGGG TAAAGTCGAC GAGGGCCCGC ATCATCACCA 

    2401 TCACCATTGA AAGCTTGCCT CGAGCAGCGC TGCTCGAGAG ATCTACGGGT 

    2451 GGCATCCCTG TGACCCCTCC CCAGTGCCTC TCCTGGCCCT GGAAGTTGCC 

    2501 ACTCCAGTGC CCACCAGCCT TGTCCTAATA AAATTAAGTT GCATCATTTT 

    2551 GTCTGACTAG GTGTCCTTCT ATAATATTAT GGGGTGGAGG GGGGTGGTAT 

    2601 GGAGCAAGGG GCAAGTTGGG AAGACAACCT GTAGGGCCTG CGGGGTCTAT 

    2651 TGGGAACCAA GCTGGAGTGC AGTGGCACAA TCTTGGCTCA CTGCAATCTC 

    2701 CGCCTCCTGG GTTCAAGCGA TTCTCCTGCC TCAGCCTCCC GAGTTGTTGG 

    2751 GATTCCAGGC ATGCATGACC AGGCTCAGCT AATTTTTGTT TTTTTGGTAG 

    2801 AGACGGGGTT TCACCATATT GGCCAGGCTG GTCTCCAACT CCTAATCTCA 

    2851 GGTGATCTAC CCACCTTGGC CTCCCAAATT GCTGGGATTA CAGGCGTGAA 

    2901 CCACTGCTCC CTTCCCTGTC CTTCTGATTT TGTAGGTAAC CACGTGCGGA 

    2951 CCGAGCGGCC GCAGGAACCC CTAGTGATGG AGTTGGCCAC TCCCTCTCTG 

    3001 CGCGCTCGCT CGCTCACTGA GGCCGGGCGA CCAAAGGTCG CCCGACGCCC 

    3051 GGGCTTTGCC CGGGCGGCCT CAGTGAGCGA GCGAGCGCGC AGCTGCCTGC 

    3101 AGGGGCGCCT GATGCGGTAT TTTCTCCTTA CGCATCTGTG CGGTATTTCA 

    3151 CACCGCATAC GTCAAAGCAA CCATAGTACG CGCCCTGTAG CGGCGCATTA 

    3201 AGCGCGGCGG GTGTGGTGGT TACGCGCAGC GTGACCGCTA CACTTGCCAG 

    3251 CGCCCTAGCG CCCGCTCCTT TCGCTTTCTT CCCTTCCTTT CTCGCCACGT 

    3301 TCGCCGGCTT TCCCCGTCAA GCTCTAAATC GGGGGCTCCC TTTAGGGTTC 

    3351 CGATTTAGTG CTTTACGGCA CCTCGACCCC AAAAAACTTG ATTTGGGTGA 

    3401 TGGTTCACGT AGTGGGCCAT CGCCCTGATA GACGGTTTTT CGCCCTTTGA 

    3451 CGTTGGAGTC CACGTTCTTT AATAGTGGAC TCTTGTTCCA AACTGGAACA 

    3501 ACACTCAACC CTATCTCGGG CTATTCTTTT GATTTATAAG GGATTTTGCC 

    3551 GATTTCGGCC TATTGGTTAA AAAATGAGCT GATTTAACAA AAATTTAACG 

    3601 CGAATTTTAA CAAAATATTA ACGTTTACAA TTTTATGGTG CACTCTCAGT 

    3651 ACAATCTGCT CTGATGCCGC ATAGTTAAGC CAGCCCCGAC ACCCGCCAAC 

    3701 ACCCGCTGAC GCGCCCTGAC GGGCTTGTCT GCTCCCGGCA TCCGCTTACA 

    3751 GACAAGCTGT GACCGTCTCC GGGAGCTGCA TGTGTCAGAG GTTTTCACCG 
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    3801 TCATCACCGA AACGCGCGAG ACGAAAGGGC CTCGTGATAC GCCTATTTTT 

    3851 ATAGGTTAAT GTCATGATAA TAATGGTTTC TTAGACGTCA GGTGGCACTT 

    3901 TTCGGGGAAA TGTGCGCGGA ACCCCTATTT GTTTATTTTT CTAAATACAT 

    3951 TCAAATATGT ATCCGCTCAT GAGACAATAA CCCTGATAAA TGCTTCAATA 

    4001 ATATTGAAAA AGGAAGAGTA TGAGTATTCA ACATTTCCGT GTCGCCCTTA 

    4051 TTCCCTTTTT TGCGGCATTT TGCCTTCCTG TTTTTGCTCA CCCAGAAACG 

    4101 CTGGTGAAAG TAAAAGATGC TGAAGATCAG TTGGGTGCAC GAGTGGGTTA 

    4151 CATCGAACTG GATCTCAACA GCGGTAAGAT CCTTGAGAGT TTTCGCCCCG 

    4201 AAGAACGTTT TCCAATGATG AGCACTTTTA AAGTTCTGCT ATGTGGCGCG 

    4251 GTATTATCCC GTATTGACGC CGGGCAAGAG CAACTCGGTC GCCGCATACA 

    4301 CTATTCTCAG AATGACTTGG TTGAGTACTC ACCAGTCACA GAAAAGCATC 

    4351 TTACGGATGG CATGACAGTA AGAGAATTAT GCAGTGCTGC CATAACCATG 

    4401 AGTGATAACA CTGCGGCCAA CTTACTTCTG ACAACGATCG GAGGACCGAA 

    4451 GGAGCTAACC GCTTTTTTGC ACAACATGGG GGATCATGTA ACTCGCCTTG 

    4501 ATCGTTGGGA ACCGGAGCTG AATGAAGCCA TACCAAACGA CGAGCGTGAC 

    4551 ACCACGATGC CTGTAGCAAT GGCAACAACG TTGCGCAAAC TATTAACTGG 

    4601 CGAACTACTT ACTCTAGCTT CCCGGCAACA ATTAATAGAC TGGATGGAGG 

    4651 CGGATAAAGT TGCAGGACCA CTTCTGCGCT CGGCCCTTCC GGCTGGCTGG 

    4701 TTTATTGCTG ATAAATCTGG AGCCGGTGAG CGTGGGTCTC GCGGTATCAT 

    4751 TGCAGCACTG GGGCCAGATG GTAAGCCCTC CCGTATCGTA GTTATCTACA 

    4801 CGACGGGGAG TCAGGCAACT ATGGATGAAC GAAATAGACA GATCGCTGAG 

    4851 ATAGGTGCCT CACTGATTAA GCATTGGTAA CTGTCAGACC AAGTTTACTC 

    4901 ATATATACTT TAGATTGATT TAAAACTTCA TTTTTAATTT AAAAGGATCT 

    4951 AGGTGAAGAT CCTTTTTGAT AATCTCATGA CCAAAATCCC TTAACGTGAG 

    5001 TTTTCGTTCC ACTGAGCGTC AGACCCCGTA GAAAAGATCA AAGGATCTTC 

    5051 TTGAGATCCT TTTTTTCTGC GCGTAATCTG CTGCTTGCAA ACAAAAAAAC 

    5101 CACCGCTACC AGCGGTGGTT TGTTTGCCGG ATCAAGAGCT ACCAACTCTT 

    5151 TTTCCGAAGG TAACTGGCTT CAGCAGAGCG CAGATACCAA ATACTGTCCT 

    5201 TCTAGTGTAG CCGTAGTTAG GCCACCACTT CAAGAACTCT GTAGCACCGC 

    5251 CTACATACCT CGCTCTGCTA ATCCTGTTAC CAGTGGCTGC TGCCAGTGGC 

    5301 GATAAGTCGT GTCTTACCGG GTTGGACTCA AGACGATAGT TACCGGATAA 

    5351 GGCGCAGCGG TCGGGCTGAA CGGGGGGTTC GTGCACACAG CCCAGCTTGG 

    5401 AGCGAACGAC CTACACCGAA CTGAGATACC TACAGCGTGA GCTATGAGAA 

    5451 AGCGCCACGC TTCCCGAAGG GAGAAAGGCG GACAGGTATC CGGTAAGCGG 

    5501 CAGGGTCGGA ACAGGAGAGC GCACGAGGGA GCTTCCAGGG GGAAACGCCT 

    5551 GGTATCTTTA TAGTCCTGTC GGGTTTCGCC ACCTCTGACT TGAGCGTCGA 

    5601 TTTTTGTGAT GCTCGTCAGG GGGGCGGAGC CTATGGAAAA ACGCCAGCAA 

    5651 CGCGGCCTTT TTACGGTTCC TGGCCTTTTG CTGGCCTTTT GCTCACATGT 
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Figure 1. RBDV-IgG1 Fc inhibits the VEGF-induced proliferation of HUVECs in 
a dose-dependent manner. (A) HUVECs were incubated with chimeric proteins for 
72 hours and proliferation profile was determined by 5 mg/ml MTT. Lane 1, PBS. 
Lane 2, VEGF (10ng/ml). Lane 3, IgG1 Fc (2.5 μg/ml). Lane 4, RBDV-IgG1 Fc (2.5 
μg/ml). (B) Before stimulation with VEGF, HUVECs were pre-cultured in the 
presence of 15, 10, 5, and 1 μg/ml of IgG1 Fc (Lane 3, 4, 5, and 6, respectively) or 15, 
10, 5, and 1 μg/ml of RBDV-IgG1 Fc (Lane 7, 8, 9, and 10, respectively) for 1 hour at 
room temperature in M199 medium containing 20% FCS and 25U/ml heparin, and 
then supplemented with VEGF (8 ng/ml). Cell proliferation was then measured on the 
basis of MTS as described under “Materials and Methods”. The data shown here are 
the mean of proliferation inhibition percentages ±SD obtained from two independent 
experiments (n=4).The VEGF (Lane 2, 8 ng/ml) stimulated a significant increase in 
endothelial cell proliferation as compared to the control, PBS (Lane 1; #P=0.021). 
HUVECs growth were significantly inhibited by RBDV-IgG1 Fc when compared 
with VEGF or IgG1 Fc group (* P<0.05).  
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Figure 2. IL-2 activated human NK cytotoxicity. IL-2 activated human NK-92MI 
cells were co-incubated with HUVECs in the presence of RBDV-IgG1 Fc at an E/T 
ratio of 1 for 5 hours. Specific lysis was determined by MTS as described in materials 
and methods. H: HUVECs. N: NK-92MI cells. R: RBDV-IgG1 Fc. The data represent 
a mean ±SD of two independent experiments (n=4). *P<0.05 when compare with 
H+N group. 
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