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Introduction: TNF-α plays a key role in initiating pathologic angiogenesis, however, 
literature on the effects of infliximab on angiogenesis is limited.  

Objective: The study aimed to investigate the effects of infliximab on angiogenesis in an in 
vivo chick chorioallantoic membrane (CAM) model. 

Methods: The study was approved by the local ethics committee on animal experimentation. 
Thirty fertilized specific pathogen-free eggs were incubated and kept under appropriate 
temperature and humidity control. On the third day of the incubation, infliximab (1 µmol) 
dissolved in phosphate-buffered saline in the first group, phosphate-buffered saline (negative 
control) (0.1 ml) in the second group, anti-VEGF (positive control) (1 µmol) in the third group 
were administered by injection. On the eighth day of incubation, the vascular structures of 
the CAMs were macroscopically examined, and standard digital photographs were taken. 
The digital images were analyzed, and data including mean vessel density, thickness, and 
number were compared between groups. P < 0.05 was considered statistically significant. 

Results: Angiogenesis was significantly reduced in the anti-VEGF and infliximab groups 
compared to the saline-only group. Vessel thickness, vessel number, and vessel density 
were significantly less in the infliximab and anti-VEGF groups compared to the saline-only 
group (p=0.034, 0.029, 0.024, respectively). 

Conclusions: Infliximab showed promising antiangiogenic effects in the chick CAM model. 
Thus, infliximab could be a treatment agent in pathological processes in which angiogenesis 
is responsible. The antiangiogenic effect of infliximab could be due to the inhibition of various 
angiogenesis-related cytokines and adhesion molecules. Further studies are needed to 
clarify the exact mechanisms.  
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1. INTRODUCTION 16 

 17 

“Infliximab is a chimeric (mouse/human) immunoglobulin G1 monoclonal antibody that 18 
targets both soluble and transmembrane tumor necrosis factor-alpha (TNF-α). TNF-α is a 19 
potent proinflammatory cytokine that plays a role in immune dysregulation in various chronic 20 
inflammatory disorders including inflammatory bowel disease, rheumatoid arthritis, 21 
ankylosing spondylitis, psoriatic arthritis, and chronic severe plaque psoriasis in adult 22 
patients” [1]. 23 



 

 

“Angiogenesis refers to the process of formation of new vessels from preexisting vascular 24 
structures. It is a multistep process that involves a series of events, and each step involves 25 
multiple growth factors, receptors, and molecules. Angiogenesis plays role in physiological 26 
conditions, such as embryonic development and wound healing, but is also a key player in a 27 
wide variety of pathological processes, including cancer, infection, arthritis, psoriasis, 28 
coronary artery disease, connective tissue diseases, and retinopathy” [2-5]. 29 

“In recent years, it has been shown that TNF‐α plays a key role in initiating pathologic 30 
angiogenesis in a variety of clinical conditions” [2, 6-8]. The high efficacy of TNF-α inhibitors 31 
in the treatment of chronic inflammatory diseases has been thought to be due primarily to 32 
the rapid reduction in the number of inflammatory cells, and little attention has been paid to 33 
their potential antiangiogenic effects. 34 

“Although some literature data are showing that infliximab decreases angiogenesis, 35 
experimental studies are scarce. Chick chorioallantoic membrane model is a low-cost and 36 
practical in-vivo model suitable for studying angiogenesis” [9-11]. 37 

This study aimed to examine the effects of infliximab on angiogenesis in chick chorioallantoic 38 
membrane model. 39 
 40 

2. MATERIAL AND METHODS  41 

 42 

Thirty fertilized specific pathogen-free(SPF) eggs were included in the study. The study 43 
protocol was in compliance with current guidelines for the care of the laboratory animals and 44 
was approved by the Animal Experiments Local Ethics Committee. Eggs were randomly 45 
distributed and 3 groups of 10 eggs were formed. All fertilized eggs were incubated in the 46 
incubator under appropriate temperature and humidity control after their shells were 47 
sterilized. On the third day of incubation, infliximab (1 µmol) dissolved in phosphate-buffered 48 
saline in Group 1, phosphate-buffered saline (negative control) (0.1 ml) in Group 2, and 49 
bevacizumab (positive control) (1 µmol) in Group 3 was injected onto the chorioallantoic 50 
membrane (CAM). And all the eggs were placed back in the incubator by sticking a sterile 51 
film on the broken part of the shell. On the eighth day of incubation, the vascular structures 52 
in the chorioallantoic membranes were visualized ex-ovo, and all chick embryos were 53 
removed from the eggs and the process was terminated. Vascular structures in the digital 54 
photographs taken were evaluated with the Image J image analysis program and the 55 
angiogenesis differences between the groups were determined statistically. The number of 56 
vessels, vessel area and density (%), and vessel thickness (mm) were compared between 3 57 
groups. SPSS v.18.0 program and Kruskal-Wallis test were used for statistical comparison. 58 
P < 0.05 was considered statistically significant. 59 
 60 
 61 

3. RESULTS  62 

 63 
3.1 Angiogenesis Assessment: 64 

It was observed that angiogenesis was normal in the saline-only group, and angiogenesis 65 
was significantly reduced in the anti-Vascular Endothelial Growth Factor(anti-VEGF) and 66 
infliximab groups.  67 
 68 
3.2 Quantitative Analysis: 69 

Quantitative analysis of vessel characteristics, including vessel thickness, vessel number, 70 
and vessel density, further elucidated the impact of the treatments. Compared to the 71 



 

 

negative control group, both the infliximab and anti-VEGF groups exhibited statistically 72 
significant reductions in vessel thickness (p=0.034), vessel number (p=0.029), and vessel 73 
density (p=0.024). 74 
 75 
 76 

4. DISCUSSION 77 

 78 

The effects of anti-TNF-alpha drugs on angiogenesis is a current issue. In some studies, it 79 
has been mentioned that these drugs may have antiangiogenic effects besides anti-80 
inflammatory effects [6-8]. However, there is no previous study examining the antiangiogenic 81 
potentials of these agents in the chick embryo angiogenesis model. This study is a first in 82 
this regard and provides crucial data regarding the potential benefit of infliximab in the 83 
treatment of pathological processes in which angiogenesis plays a role. 84 

“Anti-TNF-α drugs offer high efficacy in the treatment of chronic inflammatory disorders by 85 
promoting a rapid reduction in cell number at the site of inflammation through apoptosis, 86 
cytotoxicity, decreased cell flow, or reduction in chemotactic molecules” [6]. 87 

“TNF-α is one of the several pro-inflammatory cytokines that have been reported to promote 88 
angiogenesis” [6-8, 12-23]. “TNF-α stimulated-immune cells can release some 89 
angiogenesis-related cytokines and adhesion molecules such as vascular endothelial growth 90 
factor (VEGF), Tie-2, basic fibroblast growth factor (bFGF), Interleukin-8 (IL-8), intercellular 91 
adhesion molecule (ICAM-1), Leucine-rich-alpha-2-glycoprotein1 (LRG1), Angiopoietin-2 92 
(Ang-2) and vascular cell adhesion molecule (VCAM-1)” [6, 15-20]. 93 

In mouse corneas, TNF-alfa shows a synergistic effect in soluble VCAM-1-induced 94 
angiogenesis [15]. “In psoriatic skin, TNF-α increases VEGF expression, promoting 95 
angiogenesis, which performs an important role in altering the morphology of blood vessels 96 
observed” [24-26]. “Furthermore, TNF-α increases angiogenic potential in a co-culture 97 
system of dental pulp cells and human umbilical vein endothelial cells (HUVECs)” [19]. “In 98 
the peritoneal angiogenesis model, TNF-α up-regulates the gene expression of VEGF, 99 
Angiopoietin-2, and Tie2 and significantly promotes angiogenesis” [20]. “TNF-α is 100 
upregulated in İnterferon-induced protein with tetratricopeptide repeats 2 (IFIT2)-depleted 101 
metastatic oral squamous cell carcinoma (OSCC) cells, which exhibit enhanced metastatic 102 
activity, and chemoresistance. And, blocking TNF-α inhibits angiogenesis, growth and 103 
metastases of OSCC cells” [23]. 104 

“It has been suggested that the antipsoriatic mechanism of TNF-α inhibitors may be due to 105 
the dual inhibition of inflammation and angiogenesis” [6]. “Administration of anti-TNF-α 106 
antibody to K14-VEGF transgenic mice had both significant treatment efficiency in psoriasis 107 
and inhibited blood vessels formation directly and indirectly” [6]. “Anti-TNF-α antibodies 108 
could suppress the TNF-α induced inflammatory cascade, which activated immune cells and 109 
promoted the release of some angiogenesis-related cytokines and adhesion molecules, 110 
thereby inflammation-induced angiogenesis was inhibited. Moreover, anti-TNF-α antibodies 111 
may also have a direct role in suppressing vascular formation, which has been proved by the 112 
endothelial cells tube formation in vitro” [6]. 113 

“There are some literature data showing the antiangiogenic effects of infliximab in various 114 
pathological conditions. Administration of infliximab downregulates mucosal angiogenesis in 115 
patients with Chron’s disease and restrains the production of VEGF-A by mucosal 116 
fibroblasts. It is proposed that this ameliorates inflammation-driven angiogenesis in the gut 117 
mucosa and contributes to the therapeutic efficacy of blockade of TNF-α” [27]. “Furthermore, 118 
in the synovial membrane of patients with psoriatic arthritis,  infliximab induced consistent 119 



 

 

changes in several factors involved in angiogenesis regulation, in parallel with the clinical 120 
response. The pattern of reduced VEGF with increased Ang-2 as well as Tie2 reduction 121 
suggested vascular regression as a potential mechanism underlying the antiangiogenic 122 
effect of infliximab” [28].  123 

In a rabbit model of corneal neovascularization induced by alkali burn, the topical 124 
administration of infliximab inhibited corneal neovascularization and decreased inflammation 125 
and fibroblast activity. And infliximab has been suggested to be a promising alternative for 126 
the ocular topical antiangiogenic therapy [29]. Furthermore, in experimental choroidal 127 
neovascularization and age-related macular degeneration rat models,intravitreal infliximab 128 
reduced angiogenesis and inhibited choroidal neovascularization growth [30, 31].   129 
 130 
 131 

4. CONCLUSION 132 

 133 

In conclusion, TNF-a promotes angiogenesis through various angiogenesis-related cytokines 134 
and adhesion molecules. And anti-TNF-α agents offer promising antiangiogenic effects. Our 135 
study findings showing decreased angiogenesis with infliximab in an in vivo chick 136 
chorioallantoic membrane model support the previous literature data on the antiangiogenic 137 
effects of infliximab. Therefore, the study findings suggest that infliximab can be studied as a 138 
potential treatment agent in other pathologies with increased angiogenesis. 139 
 140 
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