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I 

 

中文摘要 

具有着床潜能的胚胎与接受态的母体子宫建立紧密联系并顺利着床是哺乳动

物妊娠过程中至关重要的一步。虽然已经发现一系列与着床以蜕膜化过程相关的

分子，但其具体机制仍不清楚。 

在哺乳动物体内存在三种对甲状腺素具有不同调节功能的脱碘酶，II型脱碘

酶（Dio2）可使甲状腺素（T4）转化为具有活性的三碘甲状腺原氨酸（T3），而I

型（Dio1）和III型脱碘酶（Dio3）的主要功能是将T3代谢为没有生物活性的反式

T3（rT3）或者二碘甲状腺原氨酸（T2）。在我们的RNA测序结果中，与延迟着床

子宫相比，Dio3在激活子宫的着床位点显著上调。然而，Dio3在小鼠早期妊娠子

宫中的表达、调节和作用机制尚未见报道。 

原位杂交结果显示生成T3的Dio2在妊娠第3天和第4天的子宫上皮下基质中

有明显定位，介导T3功能的核受体Thrα和Thrβ在妊娠第3天和第4天的子宫上皮表

达。小鼠早期妊娠过程中，原位杂交和免疫荧光结果显示Dio3 mRNA和蛋白在第

5天着床位点的腔上皮下基质细胞中具有特异定位。在随后的蜕膜化过程中，Dio3

主要定位在系膜对侧的次级蜕膜区。在延迟着床小鼠中，未检测到Dio3的表达，

当用雌激素激活胚胎着床后，可显著增加Dio3在着床位点的表达。与对照侧的子

宫相比，人工诱导的蜕膜瘤组织中Dio3的表达显著上调。免疫荧光结果显示Dio3

主要定位在蜕膜细胞的质膜上。且我们通过ELISA证实，与非着床点相比，胚胎

着床位点处子宫中的游离T3的水平显著降低。这些结果提示，着床后蜕膜细胞上

高表达的Dio3可能通过降低子宫中的T3在蜕膜化过程行使功能。 

在卵巢切除小鼠中，孕酮可显著上调Dio3的表达。在体外培养的基质细胞中

也发现了类似的结果。在体外培养的基质细胞中，cAMP以时间依赖的方式对Dio3

的表达进行调节。进一步的研究表明，cAMP通过激活PKA和p38，进而通过磷酸

化CREB调节Dio3的表达。干涉CREB之后Dio3的表达显著下调，表明Dio3处于

CREB的下游。 

通过构建Dio3的报告载体，我们发现CREB可以显著上调Dio3启动子报告载

体的活性，而p38的抑制剂可以在一定程度上抑制CREB介导的Dio3启动子活性的

增强。突变Dio3启动子上游-215 ~ -206 bp处的CREB结合位点之后，可显著抑制
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Dio3的启动子活性，推测CREB可结合到Dio3的启动子上调节Dio3的转录活性。

p-CREB和CREB在第5天着床位点处的腔上皮下基质中与Dio3的共定位也支持

CREB对Dio3的调节。 

在基质细胞诱导蜕膜化过程中，Dio3的mRNA和蛋白显著增加，且证实这一

过程主要由PKA和p38激酶介导。在蜕膜化过程中激活T3的Dio2的表达却显著下

调。加入脱碘酶的抑制剂IOP可以显著抑制蜕膜化过程，且干涉Dio3的表达也可

以影响蜕膜化，我们推测T3过高可能抑制蜕膜化过程。 

在小鼠的早期妊娠过程中，由PKA和p38调节的CREB通过在转录水平上影响

Dio3的表达，通过调节子宫中的T3的水平调节蜕膜化过程。 

 

 

 

关键词: 胚胎着床；蜕膜化；Dio3；子宫内膜；
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Abstract 

The establishment of the communication between implantation-competent embryo 

and receptive uterus is a critical step for successful pregnancy of mammalian 

reproduction. Although many genes important for implantation and decidualization 

have been explored, the underlying mechanism still remains unclear. 

Three deiodinases regulating thyronine (T3) metabolic balance have been 

identified in mammals. Type II deiodinase (Dio2) converts thyroxine (T4) to T3 while 

type I and type III deiodinases inactivate T3 to reverse T3 (rT3) or T2, respectively. 

Our RNA-sequencing data indicated that Dio3 expression is significantly increased in 

activated uterus compare to delayed uterus. However, the expression, regulation and 

function of Dio3 have not been reported yet. 

Dio2, an activator of T3, is strongly expressed in subluminal stroma on days 3 and 

4 of pregnancy. Thrα and Thrβ, nuclear receptors of T3, are localized in uterine 

epithelium on days 3 and 4 of pregnancy. Dio3 mRNA and protein are localized in the 

subluminal stroma immediately surrounding the implanting blastocyst on day 5 and 

then in the secondary decidual zone in the anti-mesometrium. Immunofluorescent 

results show that Dio3 protein is mainly localized in plasma membrane. Although there 

was no signal in delayed uterus, Dio3 was induced in the subluminal stroma 

immediately surrounding the implanting blastocyst after delayed uterus was terminated 

by estrogen injection. Under artificial decidualizaiton, Dio3 expression is strongly 

induced in secondary decidua zone in the anti-mesometrium. ELISA results reveal that 

there is a decreased T3 level in implantation site than inter-implantation site. These 

data suggest that the high level of Dio3 may play an important role during 

decidualization through decreasing uterine T3 level. 

In ovariectomized mice, progesterone upregulates Dio3 expression rapidly in a 

progesterone receptor-dependent manner. Data from progesterone treatments in 

cultured stromal cells also show similar results. cAMP induces Dio3 expression in a 

time-dependent manner in cultured stromal cells. The regulation of Dio3 by cAMP is 
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