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雷公藤甲素对结肠癌细胞 SW480的基因表达谱的影响 *
刘娟娟 王 栋 李宇华 孟 瑾 梅其炳 王志鹏△

（第四军医大学药学系药理教研室 陕西西安 710032）

摘要 目的：探讨雷公藤甲素对结肠癌 SW480细胞的基因表达谱的影响。方法：雷公藤甲素处理结肠癌 SW480细胞 24h后，分别

提取给药组和空白对照组 SW480细胞总 RNA，纯化并逆转录成用 Cy3和 Cy5标记的 cDNA探针，经全基因芯片杂交，洗涤，通

过生物信息学方法分析雷公藤甲素处理组和空白对照组 SW480细胞基因表达谱的差异。结果：与空白对照组比较，共发现了 902

个差异基因，雷公藤甲素处理组有 196个基因上调，706个基因下调。上调基因主要涉及细胞代谢。下调基因主要涉及 wnt通路、

细胞周期通路、Toll样受体通路以及MAPK等通路。结论：雷公藤甲素能导致结肠癌细胞基因表达谱的改变，这些基因改变可能

参与了细胞增殖、分化、凋亡等过程。这些信息可能为探讨雷公藤抗结肠癌作用机制提供线索。
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ABSTRACT Objective: To investigate the effect of triptolide on the gene expression of human colon cancer SW480 cells. Methods:

incubate SW480 cells with or without triptolide for 24 hours, and then the total RNAs were extracted. All RNA were purified and then

reversely transcribed to cDNA. The cDNAs were tagged with fluorescence dye Cy3/Cy5, and then hybridized with whole-genome chip.

After washing, the gene expression profile of SW480 cells was analyzed by bioinformatics to screen the differential expressed genes

among the cells with or without triptolide. Results: Compared with the control group, a total of 902 differentail genes in triptolide-treated

group were found, among which, 196 were up-regulated and 706 were down-regulated. The up-regulated genes were mainly involved in

metabolism, and down-regulated genes mainly involved in Wnt signaling pathway, cell cycle pathway, Toll-like pathway and MAPK

pathwayand so on. Conclusion: Triptolide alters the gene expression profiles of colon cancer cells SW480, and these genes are mainly re-

lated to cell proliferation, differentiation, and apoptosis. The screening of the genes may be meaningful for study the mechanisms of trip-

tolide treat colon cancer.
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前言

雷公藤甲素（triptolide）是从植物雷公藤中提取的环氧二萜
内酯类化合物，是雷公藤的主要有效成分之一。具有较强的抗
风湿，免疫抑制，抗生育作用[1]。近年发现雷公藤甲素具有较好
的抗肿瘤作用，能够抑制多种肿瘤细胞的增殖，包括乳腺癌、前
列腺癌、子宫内膜癌和卵巢癌等细胞[2-4]。我们之前的研究表明
雷公藤甲素能够抑制结肠癌 SW480细胞的增殖[5]，但其作用机

制尚不清楚。本实验应用全基因组表达谱基因芯片，从基因水
平检测雷公藤甲素作用前后结肠癌 SW480细胞基因表达谱的
变化，为揭示雷公藤甲素抗结肠癌的作用机制提供线索。

1 材料与方法

1.1 材料
雷公藤甲素（Triptolide）购自深圳市牌牌科技有限公司。胎
牛血清、RPMI1640培养基（Hyclone公司）；Cy3 NHS标记物、
Cy5 NHS标记物（美国 GE Healthcare公司）；Human 4x44k全
基因芯片、aaUTP（美国 Ambion公司）；Low RNA Input Linear
Amplication kit、Gene Expression Hybridization Kit、Gene Ex-
pression Wash Buffer Kit、Stabilization and Drying Solution、Gas-
ket slide、Hybridization Chamber（美国 Agilent 公司）；RNeasy
Mini kit（德国 QIAGEN公司）；TRlzol试剂（美国 Invitrogen公
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司）；PTC-100 PCR仪（MJ公司，美国）；G25245BA扫描仪、
G2534A型杂交炉（美国 Agilent公司）；ND1000紫外分光光度
计（美国 Nanodrop公司）。
1.2 方法
1.2.1 细胞培养 SW480 细胞用含有 10 %胎牛血清的
RMPI-1640培养液培养。实验分为两组，实验组细胞加入终浓
度为 150 nM的雷公藤甲素，在 37℃、5 % CO2饱和湿度条件

下培养 24 h。对照组不加入雷公藤甲素。
1.2.2 总 RNA 提取 按照 Trizol 试剂说明书提取细胞总
RNA，并使用 QIAGEN RNeasy Kit对总 RNA进行纯化，纯化
过程按照试剂盒操作说明进行。
1.2.3 探针制备和杂交 探针制备和杂交由上海伯豪生物技术
有限公司完成，简述如下：分别取两组 RNA 2μg加入到 20μL
转录反应体系中，合成 cDNA。用 Cy5-dNTP标记对照组 cR-
NA，用 Cy3-dNTP标记雷公藤甲素组 cRNA。先将 cRNA样品
在 60℃片段化, 后加入等体积 2×GEx Hybridization Buffer混
匀，高速离心，取样品上芯片，65℃，10 rpm滚动杂交 17 h。取
出芯片在洗涤液 1和洗涤液 2中依次洗涤 1 min并干燥。

1.2.4 芯片扫描和结果分析 Agilent 扫描仪进行芯片扫描，
Agilent Feature Extraction软件读取数据，最后采用 Feature Ex-
tration 进行 Normalize 处理分析，计算基因 log2ratio 值
（Cy3/Cy5），将 log2Ratio≥1或≤-1分别作为显著上调和显著
下调的标准。

2 结果

2.1 总 RNA提取质量分析
雷公藤甲素组和对照组总 RNA经紫外分光光度计检测其

A260 /A280均为为 1.95，证明所提取 RNA无蛋白质污染。电
泳分析结果证明雷公藤甲素组和对照组 RNA28S/18S分别为
1.5和 1.7，说明 RNA无降解，能满足后续实验。
2.2 DNA芯片实验结果
按照筛选标准，共筛选出 902个基因，其中上调基因 196

个，下调基因 706个。上调的基因多为代谢相关基因（见表 1）。
下调的基因中 36个归属于细胞周期，32个基因归属于Wnt通
路，42个归属于MAPK通路，16个归属于 Toll样受体通路（见
表 2）。

KEGG pathway Numbers of related genes %

Complement and coagulation cascades 20 1.9

Lysosome 19 1.8

Valine, leucine and isoleucine degradation 10 0.9

Complement Pathway 6 0.6

Classical Complement Pathway 5 0.5

Propanoate metabolism 7 0.7

Type I diabetes mellitus 8 0.8

Retinol metabolism 9 0.8

Systemic lupus erythematosus 13 1.2

Oxidative phosphorylation 15 1.4

Metabolism of xenobiotics by cytochrome P450 9 0.8

Histidine metabolism 6 0.6

Tryptophan metabolism 7 0.7

Drug metabolism 9 0.8

Lectin Induced Complement Pathway 4 0.4

Alanine, aspartate and glutamate metabolism 6 0.6

Phenylalanine metabolism 5 0.5

Beta-Alanine metabolism 5 0.5

Nitrogen metabolism 5 0.5

Tyrosine metabolism 7 0.7

Butanoate metabolism 6 0.6

Viral myocarditis 9 0.8

Fatty acid metabolism 6 0.6

表 1 雷公藤甲素作用于 SW480细胞后上调的基因通路
Table 1 The up-regulated signal transduction genes after treated with triptolide
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表 2 雷公藤甲素作用于 SW480细胞后下调的基因通路
Table 2 The down-regulated signal transduction genes after treated with triptolide

KEGG pathway Numbers of related genes %

Cell cycle 36 1.8

Pathways in cancer 56 2.8

Wnt signaling pathway 32 1.6

Acetylation and Deacetylation of RelA in The Nucleus 9 0.5

SODD/TNFR1 Signaling Pathway 7 0.4

Ubiquitin mediated proteolysis 26 1.3

Ribosome 19 1.0

MAPK signaling pathway 42 2.1

Spliceosome 24 1.2

TGF-beta signaling pathway 18 0.9

NFkB activation by Nontypeable Hemophilus influenzae 10 0.5

p53 signaling pathway 15 0.8

hsa05210:Colorectal cancer 17 0.9

Apoptosis 17 0.9

NF-kB Signaling Pathway 9 0.5

TSP-1 Induced Apoptosis in Microvascular Endothelial Cell 5 0.3

Regulation of transcriptional activity by PML 7 0.4

HIV-I Nef: negative effector of Fas and TNF 15 0.8

Neurotrophin signaling pathway 21 1.1

Oocyte meiosis 19 1.0

Acute myeloid leukemia 12 0.6

Prostate cancer 16 0.8

Chronic myeloid leukemia 14 0.7

Melanogenesis 17 0.9

Small cell lung cancer 15 0.8

Endocytosis 27 1.4

Heparan sulfate biosynthesis 7 0.4

Basal cell carcinoma 11 0.6

RIG-I-like receptor signaling pathway 13 0.7

Regulation of MAP Kinase Pathways Through Dual Specificity Phosphatases 5 0.3

Pathogenic Escherichia coli infection 11 0.6

Oxidative Stress Induced Gene Expression Via Nrf2 7 0.4

RNA polymerase 7 0.4

Adipocytokine signaling pathway 12 0.6

Thyroid cancer 7 0.4

TNFR1 Signaling Pathway 9 0.5

Toll-like receptor signaling pathway 16 0.8

Adherens junction 13 0.7

FAS signaling pathway ( CD95 ) 9 0.5

Progesterone-mediated oocyte maturation 14 0.7

Notch signaling pathway 9 0.5

Cytosolic DNA-sensing pathway 10 0.5

Keratinocyte Differentiation 10 0.5

Role of Mitochondria in Apoptotic Signaling 7 0.4

Gap junction 14 0.7

RNA degradation 10 0.5
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3 讨论

雷公藤甲素是植物雷公藤的主要有效成分之一，具有免疫

抑制、抗炎、抗肿瘤的功效。基因芯片具有高敏感、高通量的特
性，可快速获得大量基因 mRNA水平的表达信息。本实验观察
给予结肠癌 SW480细胞 150 nM雷公藤甲素 24 h后，细胞的
基因变化情况。结果提示雷公藤甲素显著影响了与结肠癌发生
发展相关的多条通路。现将与结肠癌发生发展密切相关的四条
通路列举如下：

首先，显著影响了Wnt通路。Wnt通路在结肠癌的发生发
展过程发挥着重要作用。正常情况下，细胞内的糖原合成激酶
3β（GSK3β），肿瘤抑制因子 APC以及 Axin形成一个复合物，
促进 β-catenin的降解；而当细胞受到 wnt配体刺激时，细胞质
蛋白 Dishevelled（DVL）向细胞膜聚集，并与蛋白 Axin结合，抑
制 Axin 复合物的形成，使得 β-catenin 的降解减少，大量
β-catenin进入细胞核，与转录因子 TCF/LEF结合，促进细胞的
转录、增殖 [6,7]。文献报道称，85 %的结肠癌患者都发生
Wnt/β-catenin通路的激活,激活的Wnt/β-catenin将会促进结肠
癌的发展[8]。
其次，影响了细胞周期通路。完整的细胞周期包括分裂间
期和分裂期，它是一个有序、紧凑的过程，受到多个因素的调
控，包括细胞外的生长因子，细胞的大小，以及 DNA的完整性
等。分裂间期分为 G1期，S期和 G2期，是细胞生长和 DNA合
成时期。E2F是重要的转录因子，能够促进 G1/S的转化[9,10]。
Myc基因也是细胞周期通路中的重要分子，在多种肿瘤形成过
程中起到关键作用，研究表明，抑制Myc，能够明显的抑制细胞
的生长增殖。c-Myc在促进 G1/S转化以及 G2/M转化过程中
均起到关键作用[11,12]。我们的结果提示，加入雷公藤甲素后，E2F
和Myc这两个基因均显著下调。我们之前的研究也发现雷公
藤甲素能够降低结肠癌 SW480细胞 Cyclin D1以及 CDK4的
表达，引起细胞周期 G1期阻滞[2]。
第三，影响了 Toll样受体通路。Toll样受体属于模式识别

受体，为重要的天然免疫分子，目前发现的共有九个亚型，为

Toll like receptor 1-9，其中 toll-like receptor 1-4均与结肠癌的
发生发展相关[13,14]。实验结果提示雷公藤甲素下调了 Toll样受
体通路中关键分子 TLR4 基因的表达。Toll like receptor-4
(TLR-4) 是 Toll样受体家族中非常关键的一员，TLR-4通过促
进 Akt的磷酸化，调节结 /直肠癌细胞的生长 [15]；通过促进

COX-2表达及升高 EGFR途径活性来促进小鼠结肠炎相关的
结 /直肠癌发展[16]。部分报道指出：结 /直肠癌组织的 TLR-4表
达过量[17]。
第四，影响了MAPK通路。MAPK通路与细胞的增殖、凋
亡、转移均密切相关，影响着结肠癌的发生发展[18,19]。报道指出：
在结肠癌细胞中，通常能检测到MAPK的活化[20]。有 56.4%的
结肠癌患者都发生 MAPK通路的活化，且发生 MAPK通路活
化的结肠癌患者其三年的存活率明显降低[21]。MAPK属于丝氨
酸酪氨酸激酶家族，分为三个亚家族，其中 Ras/Raf/MEK/ERK
是 MAPK家族中重要的组成部分，抑制 ERK的活性，结肠癌
细胞的生长将会受到抑制[22,23]。
实验结果提示：雷公藤甲素可能主要通过以上四条通路影

响结肠癌细胞的增殖、分化、凋亡和转移，显示出良好的结肠癌
治疗前景。

参考文献（References）
[1] Liu Q. Triptolide and its expanding multiple pharmacological func-

tions [J]. Int Immunopharmacol, 2011, 11(3):377-383

[2] Kang DW, Lee JY, Oh DH, et al. Triptolide-induced suppression of

phospholipase D expression inhibits proliferation of MDA-MB-231

breast cancer cells[J]. Exp Mol Med, 2009, 41(9):678-685

[3] Li W, Liu Y, Li XX, et al. MAPKs are not involved in triptolide-in-

duced cell growth inhibition and apoptosis in prostate cancer cell

lines with different p53 status[J]. Planta Med, 2011, 77(1):27-31

[4] Li H, Takai N, Yuge A, et al. Novel target genes responsive to the anti-

growth activity of triptolide in endometrial and ovarian cancer cells

[J]. Cancer Lett, 2010, 297(2):198-206

[5] Wang Z, Jin H, Xu R, et al. Triptolide downregulates Rac1 and the

JAK/STAT3 pathway and inhibits colitis-related colon cancer pro-

gression [J]. Exp Mol Med, 2009, 41(10):717-727

[6] MacDonald BT, Tamai K, He X. Wnt/beta-catenin signaling: compo-

nents, mechanisms, and diseases [J]. Dev Cell, 2009, 17(1):9-26

[7] Maiese K, Li F, Chong ZZ, et al. The Wnt signaling pathway: Aging

gracefully as a protectionist[J]. 2008, 118(1):58-81

[8] Bienz M, Clevers H. Linking colorectal cancer to Wnt signaling [J].

Cell, 2000, 103(2):311-320

[9] Tsantoulis PK, Gorgoulis VG. Involvement of E2F transcription factor

family in cancer [J]. Eur J Cancer, 2005, 41(16):2403-2414

[10] Blais A, Dynlacht BD. E2F-associated chromatin modifiers and cell

cycle control [J]. Curr Opin Cell Biol, 2007, 19(6):658-662

[11] Myant K, Sansom OJ. Wnt/Myc interactions in intestinal cancer:

Partners in crime [J]. Exp Cell Res, 2011, 317(19):2725-2731

[12] Ponzielli R, Katz S, Barsyte-Lovejoy D, et al. Cancer therapeutics:

Targeting the dark side of Myc [J]. Eur J Cancer, 2005, 41 (16):

2485-2501

[13] Furrie E, Macfarlane S, Thomson G, Macfarlane GT. Toll-like recep-

tors-2, -3 and -4 expression patterns on human colon and their regula-

tion by mucosal-associated bacteria [J]. Immunology, 2005, 115(4):

565-574

[14] Yoshioka T, Morimoto Y, Iwagaki H, et al. Bacterial lipopolysaccha-

ride induces transforming growth factor beta and hepatocyte growth

factor though toll-like receptor 2 in cultures human colon cancer cells

[J]. J Int Med Res, 2001, 29(5):409-420

[15] Doan HQ, Bowen KA, Jackson LA, et al. Toll-like Receptor 4 Acti-

vation Increases Akt Phosphorylation in Colon Cancer Cells [J]. Anti-

cancer Res, 2009, 29(7):2473-2478

[16] Fukata M, Chen A, Vamadevan AS, et al. Toll-Like receptor-4 pro-

motes the development of colitis-associated colorectal tumors [J].

Gastroenterology, 2007, 133(6):1869-1881

[17] Fukata M, Hernandez Y, Conduah D, et al. Innate immune signaling

by Toll-like receptor-4 (TLR4) shapes the inflammatory microenvi-

ronment in colitis-associated tumors [J]. Inflamm Bowel Dis, 2009,

15(7):997-1006

[18] Huang P, Han J, Hui L. MAPK signaling in inflammation-associated

cancer development [J]. Protein Cell, 2010, 1(3):218-226

（下转第 4815页）

4808· ·



现代生物医学进展 www.shengwuyixue.com Progress inModern Biomedicine Vol.12 NO.25 SEP.2012

（上接第 4808页）
[19] Wang X, Wang Q, Hu W, et al. Regulation of phorbol estermediated

TRAF1 induction in human colon cancer cells through a PKC/RAF/
ERK/ NF-kappaB-dependent pathway [J]. Oncogene, 2004, 23 (10):

1885-1895

[20] Ding Q, Wang Q, Evers BM. Alterations of MAPK activities associ-

ated with intestinal cell differentiation [J]. Biochem Biophys Res

Commun, 2001, 284(2):282-288

[21] Barault L, Veyrie N, Jooste V, et al. Mutations in the RAS-MAPK, PI

(3)K (phosphatidylinositol-3-OH kinase) signaling network correlate

with poor survival in a population-based series of colon cancers[J]. Int

J Cancer, 2008, 122(10):2255-2259

[22] Wang YK, Zhu YL, Qiu FM, et al. Activation of Akt and MAPK

pathways enhances the tumorigenicity of CD133+ primary colon can-

cer cells[J]. Carcinogenesis, 2010, 31(8):1376-1380

[23] Fang JY, Richardson BC. The MAPK signalling pathways and col-

orectal cancer[J]. Lancet Oncol, 2005, 6(5):322-327

(1):143-155

[6] Yu KD, Di GH, Fan L, et al. A functional polymorphism in the pro-

moter region of GSTM1 implies a complex role for GSTM1 in breast

cancer[J]. FASEB J, 2009,23(7):2274-2287

[7] Zheng TZ, Holford TR, Zahm SH. Cigarette smoking, glutathione-s-

transferase M1 and T1 genetic polymorphisms and breast cancer risk

(United States) [J]. Caner Causes Control, 2002,13(7):637-645

[8] Cost a S, Pinto D, Pereira D, et al. DNA repair polymorphisms might

cont ribute differentially on familial and sporadic breast cancer sus-

ceptibility: a study on a Portuguese population [J]. Breast Cancer Res

Treat, 2007, 103(2): 209-217

[9] RobertMilllkan, Gary Pittman, Chiu-Kit Tse, et al. Glutathione S-

Transferases Ml, T1, andP1 and Breast Cancer. Cancer Epidemiology

[J]. Biomarkers &Prevention, 2000,9:567-573

[10] KathleenM. Egan. Genetic Polymorphisms in GSTM1, GSTPl,

andGSTT1 and the Risk for Breast Cancer: Results from the Shanghai

Breast Cancer Study and Meta-Analysis [J]. Cancer Epidemiology

Biomarkers&Prevention, 2004, 13:197-204

[11] ChristineB. Ambrosone, Carol Sweeney, Brian F.Coles, et al. Poly-

morphisms in Glutathione S-Transferases (GSTM1 and GSTT1) and

Survival after Treatment for Breast Cancer [J]. Cancer research,

2001,61:7130-7135

[12] OlgaL.vanderHell, PetraH.M, Peetersl, DavidW.Hein, et al. GSTM1

null genotype, red meat consumption and breast cancer risk

(TheNetherlands) [J]. Cancer Causes and Control, 2004, 15:295-303

[13] N.Roodi, W.D. Du Pont, J.H. Moore, et al. Assoeiation of homozy-

gous wild-type glutathione S-transferase M1 (GSTM1) genotype with

increased breast cancer risk[J]. Cancer Res, 2004,64:1233-1236

[14] Spurdle AB, Deans AJ, Duffy D, et al.No evidence that CD-KN1B

(p27) polymorphisms modify breast cancer risk in BRCA1and BR-

CA2 mutation carriers [J]. Breast Cancer Res Treat, 2009,115 (2):

307-313

[15] Zhang S, Lei P, Liu X, et al. The aryl hydrocarbon receptor as a target

for estrogen receptornegative breast cancer chemotherapy [J]. Endocr

Relat Cancer, 2009, 835-844

[16] Gao CM, Tang JH, Cao HX, et al. MTHFR PolymorPhisms dietary

folate intake and breast cancer risk in Chinese women [J].J Hum

Genet, 2009,54 7: 414-418

[17] Sorensen M, Raasehou-Nielsen O, Braseh-Andersen C, et al. Interac-

tions between GSTM1, GSTT1 and GSTP1 polymorphisms and

smoking and intake of fruit and vegetables in relation to lung cancer

[J]. Lung Cancer, 2007, 55(2):137-144

[18] Capoluongo E, Almadori G, Concolino P, et al. GSTT1 and GSTM1

allelic polymorphisms in head and neck cancer Patients from Italian

Lazio Region[J]. Clin Chim Aeta, 2007, 376(l-2):174-178

[19] Oniki K, Ueda K, Hori M, et al. Glutathione-S-transferase (GST) M1

null genotype and combined GSTM1 and GSTT1nullgenotypes as a

risk factor for alcoholic mild liver dysfunction [J]. Clin Pharmaeol

Ther, 2007, 81(5): 634-635

[20] KhadangB, FattahiMJ, TaleiA, et al. Polymorphism of TP53 codon

72 showed no association withbreastcancerin Iranianwomen [J]. Ca-

neerGenetCytogenet, 2007, 73(l):35-42

4815· ·


