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摘  要
         

         

摘    要

 

第一章  核孤儿受体TR3概述

 

TR3（又被称为NGFI-B、Nur77）是一种核受体，属于类固醇/甲状腺/视黄酸受体家

族成员。由于目前尚未发现TR3特异性配体，因此被称为核孤儿受体。TR3是一种立

早基因，可以被许多生长因子或凋亡因子迅速诱导表达，其转录后水平的修饰则影

响着TR3功能的发挥。作为转录因子，TR3通过与其应答元件NBRE或NurRE的结合

，调控着许多基因的转录，从而参与对细胞增殖、凋亡、新陈代谢以及炎症反应等

方面的调控。另一方面，TR3的亚细胞定位也影响着生物学功能的发挥。当TR3从细

胞核转运到细胞浆并定位于线粒体后，将使Bcl-2由凋亡抑制蛋白转变为凋亡诱导

蛋白，并最终诱导细胞凋亡。此外，TR3还可以作为调控蛋白，通过与其他蛋白的

相互作用来影响它们生物学功能的发挥。总之，TR3在体内经过复杂的调控网络

，以不同的作用方式发挥着各种各样的生物学功能。

 

 

 

 

第二章  Akt磷酸化TR3抑制其线粒体定位

 

        Akt通过对底物蛋白的磷酸化修饰影响底物的功能，并因此调控细胞的新

陈代谢、凋亡、增殖等。但是，Akt究竟如何促进细胞存活，抑制细胞凋亡的机理

尚未被详尽地阐明。TR3通过对其下游基因表达的调控，参与了对细胞增殖和细胞

凋亡的调控。我们实验室早期的研究已经证明，在胃癌细胞中， TR3可以通过由细

胞核转运到细胞浆并定位于线粒体而促进细胞凋亡。在本章节研究中我们发现

，Akt通过与TR3 N端的结合可以磷酸化其N端。在胃癌细胞BGC823中过表达Akt显著
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地抑制TR3的线粒体定位和由此引发的肿瘤细胞凋亡，而显性负作用的Akt突变体则

丧失这种能力。进一步研究表明，Akt对TR3 N端的磷酸化阻断了TR3与Bcl-2的结合

，而该结合是TR3定位于线粒体先决条件。用Akt的激活剂胰岛素处理细胞则以

PI3K活性依赖的方式显著削弱了TPA诱导的细胞凋亡。因此，本文的研究阐明了一

种Akt抑制细胞凋亡的新途径：Akt通过对核受体TR3的磷酸化修饰，调控TR3的核浆

定位，从而阻断TR3诱导的肿瘤细胞凋亡。

 

 

 

 

第三章 Pin1异构化TR3在细胞生长和凋亡的双重功能

 

       Pin1是一种蛋白脯氨酰顺反式异构酶，通过对磷酸化底物上的pSer/Thr-

Pro异构化修饰，参与了细胞信号转导过程中的各种调控。TR3在不同形式的转录后

修饰下，既能促进细胞增殖，又能诱导细胞凋亡。在本章节研究中我们发现

，TR3是Pin1的新底物。TR3分子上至少有3个位点可以与Pin1结合，分别是Ser95-

Pro、Ser140-Pro和Ser431-Pro。Pin1与三个不同位点的结合可以调控TR3不同的功

能：与Ser95-Pro的结合提高了TR3的蛋白稳定性，与Ser431-Pro的结合则提高了

TR3的转录激活活性并影响TR3的核浆定位。我们还发现，cyclin D2作为一个TR3新

的下游基因，其表达水平直接受TR3的调控。Pin1通过对TR3的调控表现出双重功能

。一方面，在生长因子刺激下，Pin1通过促进TR3与cyclin D2启动子的结合，增强

了TR3募集转录辅激活因子p300的能力，从而提高cyclin D2的表达，促进细胞增殖

；而另一方面，在凋亡诱导剂TPA的刺激下，Pin1增强了TR3的出核转运和线粒体定

位，从而促进TR3介导的细胞凋亡。裸鼠移植瘤实验进一步证实了Pin1可以通过

TR3影响移植瘤的生长。因此，本文的研究阐明了Pin1通过对TR3的异构化修饰，调

控细胞增殖和细胞凋亡两个截然不同的生物学功能。
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第四章   TR3负调控Wnt信号通路的分子机理

 

       Wnt信号通路是机体中至关重要的信号转导通路，它直接影响着机体的发育

、生长以及肿瘤发生等过程。当Wnt配体与细胞表面受体结合后，通过一系列的蛋

白相互调控，抑制β-Catenin的磷酸化和泛素化降解，使β-Catenin由细胞浆转运

到细胞核，并与TCF/LEF结合，从而激活Wnt信号。我们实验室的前期研究已经发现

，TR3可以作为转录阻遏蛋白通过抑制转录辅激活因子的活性来抑制相关基因的转

录。在本章节中，我们发现TR3可以显著地抑制Wnt信号活性，无论是生理上的由

Wnt配体激活的Wnt信号活性、还是病理上的由无法被降解的β-Catenin突变体激活

的Wnt信号活性、或者是结肠癌细胞中持续激活的Wnt信号活性均可以被TR3抑制。

虽然TR3既不影响细胞中β-Catenin的mRNA和蛋白的表达水平，也不影响β-

Catenin的核浆定位，但TR3与β-Catenin的结合却阻断了β-Catenin与DNA的结合

，由此抑制Wnt下游基因c-myc和cyclin D1的蛋白表达。Wnt信号的负调控因子

Axin和GSK则通过提高TR3蛋白的稳定性进一步加强TR3对Wnt信号的抑制作用。此外

，在裸鼠移植瘤实验中，TR3的特异性激动剂Csn-B以TR3依赖的方式抑制结肠癌细

胞SW620移植瘤的生长。因此，本文的研究阐明了一条TR3通过抑制Wnt信号来抑制

肿瘤生长的信号调控新途径。
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Abstract
         

         

Abstract

Chapter 1 Overview of orphan receptor TR3

 

The immediate-early gene product TR3 (also known as Nur77 or NGFI-B) is a

nuclear receptor of the steroid/thyroid/retinoid receptor superfamily. Since its

physiological ligand has not been identified, TR3 is also termed as orphan

receptor. The expression of TR3 can be immediately induced by many growth

factors and pro-apoptotic factors. As a transcriptional factor, TR3 regulates the

transcription of many genes through binding to its response element, therefore

playing important roles in cell proliferation, apoptosis, metabolism and

inflammatory reaction. In addition, the subcellular localization of TR3 is also

important for its biological functions. When translocation from the nucleus to the

mitochondria, TR3 interacts with Bcl-2 and converts Bcl-2 from a cytoprotective to

a cytodestructive protein to trigger apoptosis. Moreover, TR3 can also regulate

the function of other proteins through protein-protein interaction. Therefore, in this

chapter, we provide an overview of TR3, and demonstrate that after complicated

modifications, TR3 can exert different biological functions through diverse

regulation fashions.

 

 

 

 

Chapter 2.  Akt phosphorylates TR3 and blocks

its mitochondrial targeting

 

Akt phosphorylates and regulates the function of many cellular proteins involved
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in processes such as metabolism, apoptosis, and proliferation. However, the

precise mechanisms by which Akt promotes cell survival and inhibits apoptosis

have been characterized in part only. TR3, an orphan receptor, functions as a

transcription factor that can both positively or negatively regulate gene

expression. We have previously reported that the translocation of TR3 from the

nucleus to the mitochondria can elicit a proapoptotic effect in gastric cancer cells.

In our present study, we demonstrate that Akt phosphorylates cytoplasmic TR3

through its physical interaction with the N-terminus of TR3. When co-expressed

with Akt, TR3 mitochondrial targeting was blocked and this protein adopted a

diffuse expression pattern in the cytoplasm. Moreover, Akt displayed an ability to

disrupt the interaction of TR3 with Bcl-2, which is thought to be a critical

requirement for mitochondrial TR3 to elicit apoptosis. Consistently, insulin was

also found to induce the phosphorylation of TR3 and abolish TPA-induced

mitochondrial localization, which was dependent upon the activation of the PI3K-

Akt signaling pathway. Taken together, our current data demonstrate a unique

role for Akt in inhibiting TR3 functions that are not related to transcriptional activity

but that correlate with the regulation of its mitochondrial association. This may

represent a novel signal pathway by which Akt exerts its anti-apoptotic effects in

gastric cancer cells, i.e. by regulating the phosphorylation and redistribution of

orphan receptors.

 

 

 

 

Chapter 3.  Isomerization of TR3 by Pin1 plays a dual role

in cell proliferation and apoptosis

 

Pin1 regulates a subset of phosphoproteins by isomerizing Ser/Thr-Pro motifs via
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post-phosphorylation mechanisms. In our current study, we characterize TR3 as a

novel Pin1 substrate. We show that (1) phosphorylation of TR3 by ERK facilitates

the recognition and binding of Pin1; (2) TR3 Ser95 residue is the key site through

which Pin1 enhances TR3 stability by inhibiting its degradation; and (3) the

isomerization of Ser431-Pro motif in TR3 by Pin1 results in the activation of TR3

by enhancing its DNA binding affinity. Furthermore, we find that Pin1 not only

enhances TR3 targeting to the promoter of cyclin D2, which is a novel

downstream of TR3, but also promotes the TR3 recruitment of p300, ultimately

resulting in increased cell proliferation. On the other hand, Pin1 is found also to

assist TR3 nuclear export and mitochondrial targeting in response to TPA,

thereby initiating cellular apoptosis. The regulatory role of Pin1 in the TR3

pathways is further confirmed by an in vivo tumor formation assay. Our current

study thus demonstrates that Pin1 plays a dual role in cell proliferation and

apoptosis by isomerizing TR3.

 

 

 

 

Chapter 4.  Molecular mechanism of TR3 in negative regulation of Wnt signaling

pathway

 

Wnt signaling controls various cell fates, including development, proliferation and

tumorigenesis. Binding of Wnt ligand to its transmembrane receptors inhibits

phosphorylation and degradation of the transcriptional coactivator β-Catenin,

which then results in the translocation of β-Catenin from the cytoplasm to the

nucleus to regulate the expression of target genes. Our previous study has

indicated that TR3 serves as a transcriptional repressor to inhibit the activities of

many co-activators. In the current study, we showed that TR3 modulates Wnt
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signaling, either physiologically by Wnt ligands or pathologically by APC

inactivation or β-catenin activation. Although TR3 does not show any influences

on the expression levels of β-Catenin, the interaction between TR3 and β-Catenin

disrupts the β-Catenin DNA binding, thereby inhibiting the expression of Wnt

downstream proteins, such as c-myc and cyclin D1. In addition, Axin and GSK3β,

negative regulators of Wnt signaling, cooperate with TR3 to repress the activity of

Wnt signal. Moreover, in nude mice xenograft experiment, we also confirmed that

Csn-B, a specific TR3 agonist, represses tumor growth in a TR3-dependent

fashion. Taken together, our study demonstrates a novel function of TR3 as a

tumor suppressor to inhibit the Wnt signaling pathway.

 
         

Keywords: TR3; Akt; Pin1; Wnt signaling
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