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摘 要 

Hippo 信号通路是一条在进化上高度保守的激酶级联的信号转导通路，它能

够负调控转录共激活因子 YAP 及其同源物 TAZ。Hippo 信号通路中任意成员的

缺失均能造成 YAP 的激活并导致细胞增殖的增加，细胞凋亡的减少，器官变大

以及肿瘤的发生。YAP 是一个原癌基因，在许多人类癌症疾病中，YAP 的蛋白

水平及其细胞核定位都是增加的。研究表明，YAP 的蛋白水平是其行使其原癌

基因功能的一个非常重要的方面。尽管已经有许多文章探讨了 YAP 磷酸化修饰，

降解及其细胞核定位调控的具体机制，但关于 YAP 基因的表达是如何被调控的

仍有待阐明。 

在研究中我们发现了 Ets 转录因子家族成员 GABP 能够和 YAP 基因的启动

子结合并激活 YAP 的转录。敲除 GABP 能够下调 YAP 基因的表达，从而导致细

胞阻滞在 G1/S 期以及凋亡细胞数目的增加，然而，这一现象在过表达 YAP 后就

得到了缓解。已有相关报道指出，氧化应激能够抑制 GABP 的转录活性，而我

们的研究则揭示了醋氨酚能够清除谷胱甘肽，导致氧化性的环境，进而抑制

GABP 的转录活性，最终造成 YAP 基因表达的下调。相反，Mst1/Mst2 缺失导致

的 YAP 的激活则能够抵抗醋氨酚所诱导的肝损伤。在机理研究方面，我们发现，

与 Hippo 信号通路对 YAP 的调控方式类似，Hippo 信号通路能够通过磷酸化修

饰以及蛋白与蛋白间相互作用来抑制 GABP 的转录活性。通过对人类肝癌样品

的分析，我们进一步揭示了 YAP 基因的表达与 GABP 的相关性，阐明了 GABP

在肝癌发生发展过程中的重要作用。 

综上所述，我们的研究结果表明，GABP 作为调控 YAP 基因表达的一个重

要的转录因子，参与了人类肝癌的发生与发展过程。并且，与 YAP 相类似，GABP

也能够被 Hippo 信号通路所负调控。因此，GABP 就成为人类肝癌以及其它由

YAP 驱动的癌症的一个潜在的治疗靶点。 

 

关键词：Yes 相关蛋白；Ets 家族；GABP ；肝癌 
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Abstract 

The Hippo pathway is an evolutionarily conserved protein kinase cascade that 

negatively regulates the transcriptional coactivator Yes-associated protein (YAP) and 

its paralog, TAZ. The loss of any component of this pathway results in a 

YAP-dependent increase in proliferation, resistance to apoptosis, massive organ 

overgrowth and tumorigenesis. YAP is a candidate oncogene in humans because YAP 

protein expression and/or nuclear localization levels are elevated in many human 

cancers. This and other findings indicate that regulation of YAP’s protein level is a 

very important aspect of its oncogenic function. Although numerous studies have 

investigated YAP phosphorylation, degradation, and nuclear localization, how Yap 

gene expression is regulated remains unknown. 

In this study, we demonstrate that the Ets family member GABP binds to the Yap 

promoter and activates YAP transcription. The depletion of GABP downregulates YAP, 

resulting in a G1/S cell-cycle block and increased cell death, both of which are 

substantially rescued by reconstituting YAP. GABP can be inactivated by oxidative 

mechanisms, and we show that acetaminophen-induced glutathione depletion inhibits 

GABP transcriptional activity and depletes YAP. In contrast, activating YAP by 

deleting Mst1/Mst2 strongly protects against acetaminophen-induced liver injury. 

Similar to its effects on YAP, Hippo signaling inhibits GABP transcriptional activity 

through both phosphorylation and direct protein-protein interaction. In human liver 

cancers, we demonstrate that enhanced YAP expression is correlated with increased 

nuclear expression of GABP, which is important in the progress of human 

hepatocellular carcinoma.  

Taken together, these results suggest that GABP is a central regulator of Yap 

gene transcription and is involved in the development of human hepatocellular 

carcinoma. And similarly to YAP, GABP is negatively regulated by the Hippo kinase 

pathway. Thus, GABP emerges as a potential therapeutic target in human HCCs and 
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in other cancers driven by YAP. 

 

Key word: Yes-associated protein(YAP); Ets family; GABP; Hepatocellular 

Carcinoma
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