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摘 要 

结直肠癌是我国甚至全球范围内最常见的肿瘤之一，也是肿瘤相关死亡的主

要原因之一。及时而有效的诊断是降低结直肠癌死亡率的重要措施。除了临床上

常规的诊断及治疗方法外，人们也在不断致力于新型肿瘤标志物的研究，以进一

步明确结直肠癌发生发展的机制。排斥导向分子(RGM)家族成员 RGMb，又名

Dragon，作为骨形态发生蛋白(Bone morphogenetic protein，BMP)通路的辅助受

体，不但承载着胚胎发生、神经修复和肾脏正常生理功能，还与各种上皮来源肿

瘤的发生发展密切相关。然而，RGMb/Dragon 在结直肠癌发生发展中的作用及

其机制尚未明确。 

本课题首先对比了正常小鼠结直肠、小肠、胃部、肝脏、脾脏及肾脏中

RGMb/Dragon 的表达量。RGMb/Dragon 在小鼠的肾脏和小肠组织中的表达量相

对较高，而在小鼠结直肠组织中表达相对较低。在构建的炎症相关性结直肠癌

(CAC)小鼠模型中，RGMb/Dragon 在结直肠肿瘤组织中的表达量与正常结直肠组

织相比显著上调。其次，在结直肠癌患者的手术标本中分别提取蛋白和 RNA 并

检测了 RGMb/Dragon 的表达量，与正常组织相比，其在肿瘤组织中，尤其在进

展期结直肠癌组织中的表达显著上调。再次，构建了过表达及干扰 RGMb/Dragon

的肠癌细胞和小鼠皮下移植瘤模型，并分别通过体内及体外实验证明

RGMb/Dragon 具有促进肠癌细胞增殖的作用，该效应主要通过调控 Smad1/5/8

和 Erk1/2 磷酸化实现。此外，配体沉默实验及小鼠中和抗体实验证明，

RGMb/Dragon 促进肠癌增殖作用还依赖于其配体 BMP2/4 的介导。 

进展期结直肠癌面临诸多挑战，其中之一便是肿瘤对化疗药物产生耐药性。

因此，本课题还进一步探讨 RGMb/Dragon 与结直肠癌对抗肿瘤药物奥沙利铂耐

药之间关系的研究。体外实验表明，稳定表达 RGMb/Dragon 能够降低肠癌细胞

对奥沙利铂的敏感性，提高肠癌细胞的生存率。通过构建奥沙利铂治疗皮下肠癌

细胞移植瘤的小鼠模型证明，RGMb/Dragon 诱导小鼠皮下肠癌移植瘤对奥沙利

铂产生耐药。RGMb/Dragon 削弱奥沙利铂介导的 JNK 和 p38 MAPK 激活，及

Caspase-3 和 PARP 的剪切，从而抑制奥沙利铂诱导的肠癌细胞凋亡。 
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综上，本课题研究结果揭示，排斥导向分子 RGMb/Dragon 是一种与肿瘤相

关的新基因，它可以通过 BMP 通路促进结直肠癌进展，同时也是介导结直肠癌

耐药的关键因子之一。RGMb/Dragon 有望成为结直肠癌筛查诊断标志物及分子

治疗的新靶点。 

 

关键词：结直肠癌；排斥导向分子；肿瘤增殖；奥沙利铂；耐药 
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Abstract 

Colorectal cancer (CRC) is one of the most commonly diagnosed cancers and a 

major cause of cancer death. Effectiv screening and early diagnosis are essential 

strategies to reduce the mortality of the colorectal cancer. The molecular mechanisms 

underlying CRC initiation, growth, metastasis or even drug resistence are still poorly 

understood. As a member of the repulsive guidance molecule (RGM) family, RGMb 

(a.k.a. Dragon) has been recently identified as a co-receptor for bone morphogenetic 

protein (BMP) signaling, contributing to the embryogenesis, neural repairing and 

renal biological function. However, the role of RGMb/Dragon in CRC development is 

undetermined.  

In this thesis, we first analyzed RGMb/Dragon expression in different organs in 

normal mice and found that RGMb/Dragon was expressed in the colon and rectum 

although the expression levels were not as high as those in ths stomach, intestine and 

kidney. We also showed that RGMb/Dragon expression was increased in colorectal 

cancer tissues compared to control tissues in colitis-associated colorectal carcinoma 

(CAC) mouse model and in human patients, especially in the advanced colorectal 

cancer. And then, we demonstrated RGMb/Dragon promoted proliferation of colon 

cancer cells in vitro and accelerated mice xenograft tumor growth in vivo. 

RGMb/Dragon’s action on colorectal cancer development was mediated via the 

BMP4-Smad1/5/8 and Erk1/2 pathways.  

Chemotherapy resistance remains a major challenge for the therapy of the advanced 

CRC. Explore novel targets is essential to develop the anti-tumor agents and to avoid 

drug resistance. Thus, at last, we analyzed the drug resistance mediated by 

RGMb/Dragon in colorectal cancer. RGMb/Dragon expression increases with CRC 

progression in human patients. In the thesis, we showed that RGMb/Dragon inhibited 

apoptosis and increased cell viability in colon cancer cells in the presence of 

oxaliplatin. RGMb/Dragon induced resistance of xenograft tumor to oxaliplatinin 

treatment in mice. Mechanistically, RGMb/Dragon inhibited oxaliplatin-induced JNK 

and p38 MAPK activation, and caspase-3 and PARP cleavage. 

Therefore, our results have revealed that RGMb/Dragon is a novel gene that 

promotes CRC growth through the BMP pathway, and is a novel target that induces 
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drug resistance in CRC. RGMb/Dragon may be exploited as a potential therapeutic 

target for CRC treatment. 

 

Keywords: colorectal cancer; RGMb/Dragon; proliferation; oxaliplatin; resistence 
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