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中  文  摘  要

	【背景】
朊蛋白是一种脂筏锚定蛋白质，分正常型PrPC和致病型PrPSc两种。尽管PrPC基因敲除小鼠的研究，提示PrPC缺失后小鼠会出现心律失常、昼夜节律改变等症状，但是PrPC的功能至今还不清楚。

既往研究提示，PrPC编码基因的突变或多态性与朊病毒疾病相关，PrPC在神经系统发挥作用也与抗氧化、抑制细胞凋亡密切相关。此外，PrPC在神经系统主要表达在突触及增殖较快的脑组织区域，在外周具有快速更新特征的胎盘等组织中富集，提示PrPC在细胞的增殖中发挥了一定的作用。

本实验室在前期研究中最先发现PrPC在胃癌耐药细胞系中高表达，提示其与胃癌的多药耐药相关。Pammer等发现胃粘膜腺体颈处有PrPC弱阳性表达，且随着幽门螺旋杆菌的感染表达增加，而幽门螺旋杆菌感染是胃癌发生的重要原因之一，PrPC在胃癌中的表达、定位及其对胃癌增殖的作用和机制尚不清楚。本课题将对此进行探讨，明确PrPC对胃癌增殖的作用及机制。
【目的】

1、研究PrPC及其缺失突变体在胃癌中的表达情况；2、明确PrPC与胃癌细胞凋亡、增殖的相关性；3、研究PrPC抑制胃癌细胞凋亡、促进胃癌细胞增殖的可能机制；4、探讨PrPC促进胃癌细胞增殖的信号转导通路及其在胃癌中高表达的可能原因。

【方法】

    1、利用免疫组织化学、免疫荧光技术观察PrPC在胃癌组织细胞中的表达、定位；2、通过DNA琼脂糖电泳及PAGE检测胃癌组织及细胞中PrPC编码基因的缺失突变情况；3、通过基因重组方法构建PrPC的正义全长、siRNA载体及各功能结构域的缺失突变体，分别转染胃癌细胞系构建筛选稳定转染细胞；4、利用电镜、流式细胞仪、免疫荧光显微镜等技术研究PrPC对胃癌细胞凋亡的影响；5、利用基因芯片筛选参与PrPC抑制胃癌细胞凋亡的相关基因，并通过Western Blot进行验证；6、通过MTT、流式细胞仪检测细胞周期、细胞周期同步化阻滞、平板克隆和软琼脂克隆形成以及裸鼠体内成瘤等体内外实验研究PrPC对胃癌细胞增殖、生长的影响；7、用RT-PCR、Western Blot及双荧光素报告激酶实验检测各种转染有PrPC的胃癌细胞系对CyclinD的表达及转录激活作用；8、通过基因芯片筛选相关信号转导通路，通过Western Blot检测磷酸化Akt及总Akt的表达水平；9、通过缺氧孵箱或CoCl2诱导检测缺氧条件下PrPC的表达。

【结果】

1、PrPC及其缺失突变体(1-OPRD)在胃癌中高表达

本研究利用胃癌、癌旁、正常胃粘膜组织标本和超英公司提供的胃癌、癌旁、正常胃粘膜组织芯片，通过免疫组织化学和免疫荧光的方法，发现PrPC在胃癌组织中表达的评分(1.80±0.183)明显高于正常胃粘膜中表达的评分(0.74±0.075)(p<0.05)。PrPC在胃癌中的表达与肿瘤分级和分期相关，但与患者的年龄和性别等因素无关，定位在胃癌细胞的细胞浆和/或细胞膜上。Western Blot检测发现其在各种胃癌细胞系中表达无明显差异，SGC7901表达相对较低，AGS表达相对较高。

用特异性PCR及琼脂糖电泳检测发现，胃癌细胞系中存在着杂合或者纯合PrPC(1-OPRD)缺失突变体。MKN28和KatoⅢ为PrPC(1-OPRD)的纯合缺失突变体，SGC7901和BGC-823为杂合缺失突变体，而胃癌细胞系AGS、MKN45 以及永生化胃粘膜上皮细胞系GES不存在PrPC(1-OPRD)的缺失突变。103例胃癌病人血液样品提取的基因组DNA，用特异性PCR检测出3例PrPC(1-OPRD)杂合缺失突变体(突变率2.9%)，205例正常人血液样品中只检测到1例突变(突变率0.5%)；56例胃镜下取样病理活检证实为胃癌组织的样品中检测到5例(突变率8.9%)；63例胃镜下取样病理活检证实为正常胃粘膜组织的样品中未检测到PrPC(1-OPRD)缺失突变体。说明PrPC(1-OPRD)缺失突变体在胃癌血液标本中的突变率明显高于正常血液样品中的突变率(p=0.047)，而PrPC(1-OPRD)缺失突变体在胃癌粘膜中的突变率也高于正常胃粘膜中的突变率(p=0.021)。

2、PrPC通过上调Bcl-2、下调Bax，抑制细胞色素C和活性氧自由基的释放，抑制胃癌细胞凋亡

将构建转染正义和siRNA PrPC的胃癌细胞系，通过血清剥夺诱导后利用电镜、流式细胞仪、免疫荧光等检测发现，转染PrPC的胃癌细胞具有抑制胃癌细胞凋亡及活性氧自由基释放的作用。用基因芯片筛选参与PrPC抑制胃癌细胞凋亡的相关分子，进一步通过Western Blot检测发现正义PrPC转染细胞后抗凋亡蛋白质Bcl-2呈高表达，而p53, Bax和细胞色素C呈低表达状态。用siRNA抑制PrPC表达之后可以诱导胃癌细胞凋亡、增加活性氧自由基释放，可使p53, Bax和细胞色素C上调，而抗凋亡蛋白质Bcl-2下调。提示PrPC在胃癌中的高表达部分是通过依赖抑制活性氧自由基释放，促进Bcl-2表达，抑制细胞凋亡得以实现的。

3、PrPC通过转录激活CyclinD、促进CyclinD表达，促进细胞周期G1/S期进展，从而促进胃癌细胞增殖及裸鼠体内成瘤

将转染正义和siRNA PrPC的胃癌细胞系，进行MTT、平板克隆、软琼脂克隆形成、流式细胞仪检测及裸鼠体内成瘤等体内外实验，发现PrPC转染细胞的克隆形成、裸鼠体内成瘤能力增强，SGC7901/PrPC的增殖指数为(0.449±0.017)，高于空载体对照细胞(0.373±0.023)和亲本细胞(0.360±0.009) (p<0.05)。而PrPC基因敲除细胞系AGS/PrPC(RNAi) 的增殖指数(0.489±0.038)低于其空载细胞AGS/pSilencer (0.537±0.049)和亲本细胞(0.562±0.074) (p<0.05)。用thymidine进行细胞周期同步化阻滞和流式细胞仪检测，提示PrPC促进胃癌细胞增殖主要是促进了细胞G1/S期进展。

根据文献报导的PrPC功能结构域，利用重组PCR的方法分别构建N-端自由区域缺失的突变体SGC7901/PrPC(Δ22-47)，脂筏定位序列缺失的突变体SGC7901/PrPC(Δ24-90)，八肽重复序列缺失的突变体SGC7901/ PrPC(Δ51-90)，C-端球形区域缺失的突变体SGC7901/PrPC(Δ90-230)，C-端GPI锚定序列缺失的突变体SGC7901/PrPC(Δ230-253)，通过MTT和流式细胞仪检测其胃癌细胞SGC7901增殖的作用，发现缺失了八肽重复序列的缺失突变体SGC7901/PrPC(Δ51-90)细胞的增殖与空载体对照细胞基本相似。说明PrPC八肽重复序列对胃癌细胞增殖和存活有重要的促进作用，将其缺失可以消除PrPC对胃癌细胞增殖存活的促进作用。

用基因芯片筛选细胞周期进展相关分子，通过RT-PCR及Western Blot进行验证，提示胃癌细胞转染PrPC后CyclinD mRNA和蛋白水平的表达增强。进一步构建CyclinD家族CyclinD1、CyclinD2和CyclinD3的启动子序列，通过双荧光素报告激酶实验，显示SGC7901/PrPC与 pGL3-CCND1, pGL3-CCND2 或 pGL3-CCND3 共转染的细胞激活活性分别为对照细胞的 4.94倍、3.36倍和 3.65倍，说明PrPC可以转录激活CyclinD的启动子，但是将八肽重复序列缺失后，PrPC对CylinD启动子的转录激活作用明显减低。以上实验说明，PrPC通过转录激活CyclinD，特别是CyclinD1的启动子，上调CyclinD1 mRNA和蛋白水平的表达，促进细胞G1/S期进展，八肽重复序列在其中发挥了重要作用。
4、PI3K/Akt信号转导通路介导PrPC对胃癌细胞增殖的促进作用
根据文献报导和基因芯片的结果用磷酸化Western Blot检测相关信号通路分子，发现稳定转染PrPC的胃癌细胞磷酸化Akt水平明显高于对照空载体细胞和亲本细胞，而总Akt表达没有明显差异。PI3K/Akt特异性抑制剂LY294002可以通过抑制胃癌细胞G1/S期进展抑制其增殖，但在10μM作用48小时的条件下，LY294002对亲本细胞生长的抑制作用不显著，故将此作为研究条件。

用10μM LY294002作用48小时后各细胞系克隆形成能力均下降，其在PrPC转染细胞中最为显著。同样条件诱导后各细胞系中CyclinD1 mRNA、蛋白表达水平及启动子转录活性均降低，但是在PrPC转染细胞中的降低相对于对照细胞和亲本细胞更明显(p<0.05)，说明PI3K/Akt信号通路介导了PrPC引起的CyclinD1转录激活、促进胃癌细胞周期G1/S期进展及胃癌细胞增殖作用。
5、缺氧诱导胃癌细胞中PrPC表达增高
利用缺氧孵箱及CoCl2诱导，通过RT-PCR和Western Blot检测胃癌细胞系中PrPC表达的变化，发现缺氧可以诱导PrPCmRNA和蛋白的表达水平增高，且呈时间依赖性，在8小时达到最高峰，至24小时逐渐恢复到常氧水平。

对于缺氧诱导朊蛋白表达改变的机制，利用含有和不含有热休克元件(Heat shock element, HSE)结构的朊蛋白启动子载体分别给予缺氧和常氧诱导后，用双荧光报告系统检测其转录活性。MKN28细胞用脂质体2000共转染pGL3-PRNP (-756~+96)(不含HSE) 或PGL3-PRNP (-2253~+289)(含有HSE) 和内参照pRL-TK混合体2μg，孵育24h再给予缺氧处理后进行荧光报告激酶检测，发现缺氧诱导后朊蛋白启动子活性比常氧时启动子活性增强(p<0.05)，且缺氧处理后含有HSE朊蛋白启动子pGL3-PRNP (-2253~+289)的转录激活活性是不含HSE的朊蛋白启动子pGL3-PRNP (-756~+96)及空载体pGL3对照的4.3倍。

【结论】

本研究揭示了PrPC分子的一种新功能，胃癌组织中的缺氧环境可能诱导PrPC高表达，PrPC的八肽重复序列介导了其转录激活CyclinD启动子，促进CyclinD表达增加从而促进细胞周期G1/S期进展，促进胃癌细胞增殖及裸鼠体内成瘤，其中PI3K/Akt信号转导通路发挥了重要作用。
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Cellular prion protein promotes proliferation of gastric cancer

Liang Jie 
ABSTRACT
	【Background】
Prion protein, a glycosylphosphatidylinositol (GPI)-anchored membrane protein with two forms (normal or cellular prion protein, PrPC and pathogenic or scrapie form of prion protein, PrPSc) was encoded by the gene PRNP. Although several different theories have been proposed like aberrant circadian rhythms, lectrophysiological abnormalities, high susceptibility to seizure in PRNP knockout mice, the exact physiological functions of PrPC remain unclear. 

Previous work suggested that approximately 10-15% of the human prion disease was inherited and more than 20 pathogenic mutations had been found. Another emerging function of PrPC was its protective role for cell survival, as regards protection against oxidative stress or TNF-α-induced apoptosis. Meanwhile, PrPC was found to be expressed immediately adjacent to the proliferative region but not in mitotic cells in brain, as well as in placenta, where rapid cell renewing was common. As far as we know, limitless replicative potential is one of the characteristics of tumor cells. All above data pointed to the fact that PrPC is involved in the proliferation of certain types of cells.

Our previous studies demonstrated that PRNP was upregulated in multidrug-resistant (MDR) gastric cancer cell lines, and forced expression of PrPC affected drug accumulation. Pammer et al found that the expression of PrPC was negative or weak in the neck region of gastric mucosa, but upregulated in gastric mucosa of the patients infected with Helicobacter pylori (Hp). Since Hp infection was thought to play an important role in carcinogenesis of gastric mucosa, it is interesting to investigate the relationship between PrPC and gastric cancer.

Hence, the expression, localization of PrPC and its role in the proliferation of gastric cancer were investigated in the present work.

【Objectives】

    (1) To examine the expression and localization of PrPC in gastric cancer; (2) To explore the relationship between PrPC and cell proliferation of gastric cancer; (3) To study on the possible mechanisms underlying inhibiting apoptosis and promoting proliferation of PrPC on gastric cancer cells; (4) To investigate the possible mechanisms of overexpressed PrPC in gastric cancer and related signal pathways.

【Methods】

    (1) The subcellular localization and expression of PrPC in gastric cancer tissues or gastric cancer cell lines were determined by immunohistochemistry and immunofluorescence; (2) The mutation of PRNP gene in gastric cancer samples or gastric cancer cell lines were investigated by DNA agarose electrophoresis or PAGE; (3) Full-length, siRNA and functional region deletion mutants of PrPC were constructed and transfected into gastric cancer cell lines. Then stable transfectants were screened; (4) The effects of PrPC on apoptosis of gastric cancer cells were investigated by FACS, electron microscope and immunofluorescence assay; (5) Downstream molecules involved in inhibiting apoptosis of PrPC was screened by gene array and then proved by Western Blot; (6) The effects of PrPC on proliferation of gastric cancer cells in vivo and vitro were studied by MTT, FACS, thymidine synchronization, plate colony formation assay, soft agar colony formation assay and tumor growth in nude mice; (7) Expression and activation of CyclinD at mRNA, protein and transcriptional levels were evaluated by RT-PCR, Western Blot and dual luciferase reporter assay; (8) Possibly involved signal pathway molecules were screened by microarray. The expression of total and phosphate-Akt was examined by Western Blot; (9) Expression of PrPC in hypoxia condition was determined by Western Blot and RT-PCR.

【Results】

1. PrPC and PrPC(1-OPRD) were overexpressed in gastric cancer.
To determine the expression and localization of PrPC in gastric cancer, we compared the expression of PrPC in patients with gastric carcinoma, two slides of tissue array provided by the ChaoYing Company with immunohistochemistry or immunofluorescence. It was found the expression of PrPC was significantly higher in gastric cancer tissues (1.80±0.183) than that in normal gastric mucosa (0.74±0.075) (p<0.05), which was related with tumor grade and stage, but not with age or sex. The expression of PrPC was widely located in gastric cancer cell lines, mainly in the cytoplasm and/or plasma membranes, which was relatively low in SGC7901 and high in AGS.

To study on possible mutation of PRNP gene in gastric cancer samples and cell lines, DNA sequencing and gel electrophoresis were used. It was found one octapeptide-repeat deletion (1-OPRD) variant occurred with high frequency in gastric cancer cell lines or tissues. Human gastric cancer cell lines MKN28 and KatoⅢ were homozygotes for 1-OPRD and those in cell lines SGC7901 and BGC-823 were heterozygous. However, gastric cancer cell lines AGS, MKN45 and human gastric mucosa epithelial cell line GES contained normal octapeptide form of N-terminal PrPC in their genome. Three cases for 1-OPRD in gastric cancer samples and one case in normal samples were found by PCR from DNA extracted from human blood. All were heterozygous for 1-OPRD. Five cases of heterozygous for 1-OPRD were also detected in gastric cancer tissue samples while none observed in tissue extracted DNA in normal samples. The occurrence frequency of 1-OPRD variant was significantly higher in gastric cancer blood samples (2.9%; p=0.047) and tissue samples (8.9%; p=0.021) than those in controlled normal samples, respectively. 
2. PrPC inhibits gastric cancer cells apoptosis through upregulating Bcl-2, downregulating Bax and Cytochrome C

In vitro activity of apoptosis in PrPC-related transfectants was determined by flow cytometry with AnnexinV/PI staining and immunofluorescence microscopy with Hoechest 33258/PI staining after induction of serum deprivation for 24h. In vitro transfectants of PrPC were more resistant to serum deprivation induced apoptosis than that of control cells, which showed significant difference. However, siRNA of PrPC was less resistant to apoptosis than that of control cells. In vitro, PrPC transfected cells stimulated less ROS than that of control cells, while the effect of PrPC (RNAi) on stimulti of ROS was more obvious than that of control cells.

Underlying molecules involved in PrPC inhibiting apoptosis were screened by gene array and proved by Western Blot. The expression level of Bcl-2 in PrPC transfected cells was higher than that in control cells, while its expression in PrPC(RNAi) was lower than that in corresponding control cells. For Bax, p53 and Cytochrome C, they were highly expressed in empty vector or parental control cells compared to PrPC trasnfected gastric cancer cells.

3. PrPC promotes gastric cancer cells proliferation and tumor formation in nude mice through transcriptional activation of CyclinD to accelerate G1/S transition.

 MTT assay, plate and soft agar colony formation assays were done to examine the effect of PrPC on cell proliferation and cell transformation in vitro. As shown by MTT assay, the cell proliferation in PrPC -transfected cells was significantly faster than that in control cells. PrPC transfection resulted in a marked accumulation of growth of SGC7901 in colony formation assay. Downregulation of PrPC by RNAi inhibited the colony formation both in soft agar and in plate.To confirm this effect in vivo, PrPC-expressing SGC7901 cells were subcutaneously injected into the right back limb of nude mice. On 25th day, the average tumor volume in SGC7901/PrPC group was (1.86±0.29) cm3, compared with (0.84±0.15) cm3 of the group injected with SGC7901 cells and (1.04±0.21) cm3 of the group injected with SGC7901/pcDNA3.1 cells. The mean proliferative index (PI) of SGC7901/ PrPC (0.449±0.017) was significantly higher than that of SGC7901/pcDNA3.1 (0.373±0.023) and SGC7901 (0.360±0.009) (p<0.05). The proliferative index of AGS/PrPC (RNAi) (0.489±0.038) was lower than that of AGS/pSilencer (0.537±0.049) and AGS (0.562±0.074). The effect of PrPC on cell cycles was further determined by cell synchronization, which suggested that PrPC played an important role in promoting the growth of gastric cancer cells through accelerating G1 to S phase transition.

To investigate which region(s) in PrPC were critical for the function of PrPC in promoting gastric cancer cell proliferation, the deleted mutant plasmids of PRNP gene were constructed according to the reported functional and structural regions of PrPC. N-terminal flexible region (Δ22-47), lipid targeting region (Δ24-90), octapeptide repeat region (Δ51-90), C-terminal globular region (Δ90-230) and GPI attachment sequence (Δ230-253) were deleted, respectively with recombinant PCR techniques. MTT assay and FACS were performed to examine the roles of the different regions of PrPC in regulating cell proliferation and cell cycle. Compared with PrPC-transfected SGC7901 cells, deletion of octapeptide repeat region almost completely abolished the cell proliferation promoting effect of PrPC. Cell cycle analysis by FACS showed similar results. The average PI of cells transfected with octapeptide repeat region-deficient vector (0.367±0.017) was similar to that of pcDNA3.1-transfected cells (0.373±0.023), but significantly less than that of PrPC -transfected cells (0.424±0.038) (p<0.05).

Confirmed by the gene array results, CyclinD1 was found to be upregulated in PrPC transfected cells at both mRNA and protein levels. To investigate the possible mechanisms involved in the regulation of CyclinD by PrPC, the dual-luciferase-reporter assay was performed. Luciferase reporter plasmids pGL3-CCND1, pGL3-CCND2 and pGL3-CCND3, containing CyclinD1, CyclinD2 and CyclinD3 promoters, respectively, were transiently transfected into SGC7901/ PrPC, SGC7901/ PrPC (Δ51-90) and SGC7901/pcDNA3.1 together with the pRL-TK. The intensity of luciferase luminescence in SGC7901/PrPC cells cotransfected with pGL3-CCND1, pGL3-CCND2 or pGL3-CCND3 was 4.94-, 3.36- and 3.65-fold higher than that of SGC7901/pcDNA3.1 controll cells respectively, indicating that PrPC triggered transactivation of CyclinD, while deletion of the octapeptide repeat region partially inhibited the transactivation of CyclinD.

4. PI3K/Akt signal was involved in gastric cancer cell proliferation and PrPC-induced CyclinD1 transactivation

It has been previously demonstrated that phosphatidylinositol 3-kinase (PI3K) signal was an important downstream effector of PrPC. Thus it was interesting to examine whether PI3K pathway might be involved in PrPC-related proliferation of gastric cancer cells. Firstly, the phosphorylation status of the member of PI3K, Akt, in SGC7901/PrPC, SGC7901/pcDNA3.1 and SGC7901 cells was evaluated by Western Blot. The results showed that phosphorylated Akt was markedly upregulated by PrPC transfection, while the expression levels of total Akt were not altered.Then, the influence of LY294002, an Akt specific inhibitor, on the proliferation and expression of CyclinD1 in gastric cancer cells was investigated and found that LY294002 could inhibit the proliferation both in PrPC-expressin or non- PrPC-expressing cells. However, treatment with LY294002 at the concentration of 10 μM for 48h, wouldn’t greatly inhibit the proliferation of SGC7901 cells. The inhibition occurred mostly on G1/S phase. 

The inhibition effect of colonies formation induced by LY294002 (10 μM, 48h) in SGC7901/PrPC was more significant than that in SGC7901/pcDNA3.1 (p<0.05). Both protein and mRNA expression of CyclinD1 were significantly downregulated in gastric cancer cells treated with LY294002, especially in SGC7901/PrPC. The inhibition effect on CyclinD was more significant in PrPC-transfected cells than that in control cells. All of these results suggested that PI3K/Akt signal was involved in PrPC-related proliferation and mediated transactivation of CyclinD1 induced by PrPC.

5. Hypoxia induced overexpression of PrPC in gastric cancer.

To examine the potential effect of hypoxia on PrPC expression, the mRNA and protein expression levels of PrPC in gastric cancer cell lines SGC7901, AGS and MKN28 were measured by semi-quantitive RT-PCR, Western Blot and immunofluerescence under normoxic or hypoxic conditions. Compared to normoxia, hypoxia could increase both the mRNA and protein expression of PrPC. Expression of PrPC was found to increase at 2h after hypoxia induction in gastric cancer cells, reaching a maximum at 8h and coming back to the basal level after 24h, which suggested a time-dependent manner.

Both bioinformatics analysis and our previous reports suggested that hypoxia induction could transcriptionally activate PrPC as the promoter region containing heat shock element (HSE) binding sites. To determine whether the molecular regulation of PrPC expression took place through activation transcriptional factor binding to HSE in the promoter region of human PRNP gene, gastric cancer cells were transiently transfected with 2μg of various PrPC reporter constructs using LipofectamineTM 2000. After transfection, the cells were cultured overnight and subjected or not to hypoxia for 8h. Luciferase activities of each reporter plasmid were measured in triplicate and expressed as fold-inductions after normalization by luciferase assay. A significant increase in luciferase activities were found between hypoxia-treated and untreated cells (p<0.05). Also a 4.3-fold increase in the luciferase activity of pGL3-PRNP (-2253~+289) was observed compared with pGL3-PRNP (-756~+96) and the pGL3 control under conditions of hypoxia. 
【Conclusion】

In conclusion, we provided evidence that expression of PrPC was induced by hypoxia in gastric cancer. Overexpression of PrPC might promote the tumorigenesis and proliferation of gastric cancer cells at least partially through activation of PI3K/Akt pathway and subsequent transcriptional activation of CyclinD1 to regulate the G1/S phase transition, in which octapeptide repeat region might be an indispensable region. To our knowledge, the present work, for the first time, links PrPC to proliferation abilities of cancer cells.
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