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Abstract The centrosome functions as the major rnicrotubule nucleating center in animal cells. The two 

centrosomes ensure the equal division of chromosome into the two daughter cells during cell division. Therefore, 

defects in centrosome either in the structure or in the function may eventually result in genetic abnormalities , 

thereby leading to the development of cancer. Since chromosome instability (CIN) , one of the typical characteris

tics of cancer cells , was mainly caused by abnormal centrosome, and CIN has been closely associated with the 

development of drug resistance , it is not difficu lt to imagine how important roles that centrosome plays in 

carcinogenesis. We, in this article, emphasized the novel roles of centrosome in cell control , particularly the cellular 

activities that are closely related with carcinogenesis and the development of drug resistance, which is expected to 

be useful for better understanding the mechanism underlining drug resistance, and for guiding the designs of 

anticancer agents , and centrosome-associated drugs in particular. 
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Cancer development is a very complicated process, 

involving multiple genes andJor tremendous epigenetic 

factors, and interactions thereof. Since the understand

ing of mechanism underling the development of cancer 

and drug resistance is lirnited , most of the present tech

niques or drugs used for the treatment of patients with 

cancer, particularly for those in the advanced stages , 

are less effective. Since chromosome instability emerged 

as one of the main characteristics of cancer cells, the 

roles of centrosome and the proteins thereof have started 

to attract more and more attentions in cancer research. 

Most recently , a growing body of evidence has further 

confirmed the critical roles of the centrosome in the 

maintenance of normal cell functions as well as in 

carclllogenesls. 

As far as cancer is concemed , although the func

tion of centrosome in carcinogenesis has elucidated , 

detailed discussion on the importance of centrosome in 

cancer therapy is relatively less[' ,2J (Fig. l) . Although 

there are a lot of works to be done , an emerging data 

has suggested that centrosome might be involved in the 

regulations of DNA synthesis, DNA repair, cell cycle 

and apoptosis[3J. Such novel roles of centrosome in cell 

control and in the maintenance of genetic stability in 

particular, have made centrosome a new focus in the 

post-genetic era[4J. As for cancer therapy, better under

standing of the novel roles of centrosome in cell control 

is expected to bring some insights . 

1 Novel roles of centrosome in cell cycling 
The balance of proliferation and apoptosis, which 

ensures the homeostasis of normal cells , is maintained 

by a precisely regulated cell cycling mechanism, through 

which a malignant cell with dysregulated cell cycle rnight 

be abolished. This self-defense mechanism effectively 

prevents cells from being transformed. Theoretically , 

perturbation of any parts of the centrosome in the struc

ture or function may result in disorders of cell cycle, 

then leading to cancer because, up to now , more than 

150 kinds of kinases have been found as centrosome

located protein. Indeed, increasing studies have provided 

favoring results to this thought. 

Centrosome was recently found to be required not 

only for progression through G, into S phase, metaphase 
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Fig.l Centrosome amplification in mouse squamous cell carcinoma 
Imrnunofluorescent staining of mouse skin tissue. A: y-tubulin (green); B: nucleus (red); C: merge of the two. Numerous centrosomes were 
irregularly distributed in a tumor cell. 

to anaphase of the cell cycle, but also for exiting M phase 

口. 5-91. Consequent studies have further evidenced the 

roles of the centrosome and the associated proteins in 

the cycle regulation. For example, Nek2, Polo-like ki

nases (Plks) , aurora-A, and cyclin E were found re

cently to be associated with centrosome and/or rnicro

tubules[lO-121. Polo-like kinases (Plks) , which regulates 

the activity and function of many key cell cycling 

regulators , such as p53 , Cdc25 , cyclin B , APC 

(anaphase-promoting complex) , and mitotic motor 

proteins, was found to be in centrosome in interphase, 

but in mitotic apparatus in rnitosiS[131. Recently, cyclin 

BI-Cdkl (the key initiator of rnitosis) was found to be 

initially phosphorylated on the centrosome in prophase 

and moved rapidly into the nucleus in late prophase, a 

process that is necessary for M-phase. Interestingly , 

other studies have shown that cyclin B l-Cdkl activation 

was induced by cysteine proteases that are required not 

only for centrosome organization and rnicrotubule spindle 

assembly but also for triggering S-phase and for pro

moting M-hase entrance in sea urchin eggs[14,l51. Most 

recently, a novel vertebrate-specific centrosome/spindle 

pole-associated protein (CSPP) was isolated and char

acterized as a key player in the regulation of G/S-phase 

progression and spindle assembly [l 61. 

In carcinogenese , many centrosome associated 

proteins have been found. 

2 The roles of centrosome in DNA replication 

and DNA repair 
Proper DNA replication ensures the inheritable 

material being equally separated into each daughter cell. 

In this process, the timely and accurate response to DNA 

damage is very important. As the signaling and coordi

nating center, centrosome has been confirmed to exert 

its roles in controlling DNA replication and rep但rthrough

the cell brain associated proteins[171. 

InDNArep但ring ， DNA damage is fIrst recognized 

by DNA damage-recognizing complex that was origi

nally thought to contain the XP group C responsible gene 

product (XPC). And some centrosome proteins such as 

centrin 2/caltractin 1 (CEN 2) are found to be major 

components of XPC [l 81. The DNA single-strand breaks 

(SSBs) repair induced by oxidative DNA damage is con

sidered to be the most common insult affecting the 

genome, and the centrosome-localized XRCCl protein 

plays a key role in this process. In addition, DNA ligase 

III alpha was found to be essential for XRCCl translo

cation from centrosome to mitosis chromosome, with 

the dynarnic states of XRCCl and DNA ligase III alpha 

to SSBs being prerequisite for the recruitment to the 

centrosome of the DNA repairing proteins , like PAR 

polymerase, which is indispensable for XRCCl response 

to DNA damage[l91. Topoisomerase 11 beta binding pro

tein 1 (TopBPl) , another centrosome-localized protein 

in late rnitosis, has been implicated in DNA replication 

and in DNA damage response , and coupled with cen

trosome localized promyelocytic leukernia protein (PML) 

that may lead to centrosome amplification when defects 

occur[20-221. Fur出e口nore， 8-0xoguanine DNA glycosylase 

(OGG 1), a major component of base excision repair 

(EBR), being involved in the recognition and excision of 
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oxidative base lesions in human cells , was found to be 

associated with the cytoskeleton by specifically binding 

可 the centriole and microtubules at interphase and 

spindle assembly at mitosis in response to oxidative DNA 

damage[23J. DNA polymerase beta (DNA Pol ß) and 

NELL2 , the others two components of BER pathway 

were also found to be associated with microtuble, im

plying that microtubule may regulate the EBR pathway 

activity during the cell cycle[24J. 

Centrosome also plays important roles in DNA 

double strand break. Rad51 , for example, acting as a 

m句or protein in the recombination repairing of DNA 

double-strand breaks and DNA crosslinking adducts, was 

reported to be coupled with gamrna-tubulin linking DNA 

recombination repair protein and the centrosome[25J. 

BRCAl and BRCA2 were reported to interact with Rad51 

with formation of the y-tubulin-RAD51 nuclear com

plexes that participate in DNA double-stranded breaks 

repairs[26J. 

1n DNA replication, the assembly of an origin rec

ognition complex (ORC)-dependent pre-replicative com

plex is required for the initiation of DNA replication in S 

phase. Orc2 subunit is localized not only at nucleus but 

also at centrosome throughout the entire cell cycle. Ab

sent of Orc2 may result in DNA replication aηest and 

centrosome amplification [27J. Cep 170, a forkhead-asso

ciated protein, interacting with and being phosphory

lated by Polo-like kinase 1 (Plk1) , has been localized at 

the centrosome at interphase and at the mature mother 

centriole and spindle microtubule at mitosisf28J. Fur由e口nore，

Cyclin E/Cdk2, a central regulator of the G /S transition, 

coordinates multiple cell cycle events, including DNA 

replication , centrosome duplication, and activation of 

the E2F transcriptional program. Of cyclin E/Cdk2, a 

20 arnino acids peptide acting as a centrosomallocaliza

tion signal (CLS) is essential for both centrosomal tar

geting and DNA synthesis promotion. CLS peptides 10-

calized on the centrosome may, in tum, prevent endog

enous cyclin E and cyclin A from being localized to the 

centrosome, thereby i时ubiting DNA synthesis[29J. 

Along with studies, more proteins, such as 

Kruppel-like transcription factor 4 (KLF4) and Ckap2 

(cytoskeleton associated protein 2) , are found to be as

sociated with cell brain localized protein when func-

783 

tioning in DNA damage and repair[30,3IJ. Therefore, al

though the mechanisms underlining DNA replication and 

DNA repair are unclear, the roles of the cell brain in this 

process should not be neglected. 

3 The roles of centrosome in signal trans

duction 
Although little is known about the roles of cen

trosome in signal transduction , a growing body of evi

dence has demonstrated that many signaling proteins 

localize at centrosome. For example, protein kinase C 

(PKC) and its major substrate MARCKS (myristoylated 

alanine-rich C-kinase substrate), exerting multiple roles, 

such as controlling microtubule organization, spindle 

function , and cytokinesis , were found to colocalize to 

pericentrin and gamma-tubulin within MTOCS[32-34J. 

Since only phosphorylated PKC was anchored at cen

trosome by centrosome and Golgi localized PKN -asso

ciated protein (CG-NAP)[35J, it is difficult at present to 

outline signaling pathways that clearly describe the roles 

of the cell brain in all the cellular processes. 

The Wnt signaling pathway and its key component 

ß-catenin play critical roles in embryonic development as 

well as in various malignant tumors. The Wnt signal pa出

way was found to be regulated by the duplicated cen

trosomes[36J . The location of ß-Catenin at the centrosome 

is critical for normal centrosome fragmentation. Any 

wrongs with it would dramatically increase the frequency 

of monoastral mitotic spindles[37J. 

Aberrant signaling induced by signal transducers 

and activators of transcription (ST AT) proteins have been 

observed in a wide variety of cancer celllines and pri

mary tumors , and these aberrant signals may promote 

臼11 cycle progression and survival, stimulate angiogenesis, 

and impair immunological responses and tumor surveil

lance[38J. Stat3 was found to play important roles in this 

process and being involved in centrosome duplication 

by regulating y-tubulin through post-transcriptional lev

els and increasing PC岛1:-11evel by inhibition of Stat3. 

These studies also implicated that Stat3 may be a fun

damental signaling molecule that indirectly directs the 

syntheses of various centrosomal proteins[39J. 

Additionally, cell brain is involved in Ca2+ signal 
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pathway via a novel Ca2+ -binding protein centrin p缸tner，

Sfi 1 p, functioning in reorienting centrioles, altering cen

trosome structure, and regulating centriole duplicaton[40J. 

Cell brain also has a relation with apoptosis signal path

way which is supported by recent findings of S

allylmercaptocysteine (SAMC) and DAP-like kinase 

(Dlk) . S-allylmercaptocysteine (SAMC), a compound 

extract from garlic , may trigger JNKl and caspase-3 

signa1 pathways by disruption of MT assembly[4I J. DAP

like kinase (Dlk), co-localizing with gamma-tubulin and 

pericentrin both in mitosis and in interphase, interacts 

with pro-apototic protein Par-4, thereby being implicated 

in apoptosis[42J. 

4 Centrosome in cancer therapy 
Current techniques used for cancer therapy have 

mainly focused on the inhibition of some specific pro

teins or pathways that are relatively up-regulated in 

cancers. However, the signaling center being respon

sible for self-defense leading to the development of re

sistances has not caught enough attentions. As discussed 

above , centrosome play such important roles in cell 

control that any defects in the composing parts of it 

may cause genetic instability. As for the transformed 

cells, genetic instability in tum contributes greatly to the 

development of cancer. Therefore, it is not su叩rising to 

see that various centrsome associated protein inhibitors 

are being developed , including protein inhibitors of ki

nase C (PKC) , proteasome, Aurora, NEDDl , angiogen

esis factors , and centrosome-associated regulators[43-48J. 

Chemo-resistance is the major clinical problem 

failing cancer chemotherapy. Although the mechanisms 

underlying chemo-resistance are largely unknown, am

plification or over-expression of the P-glycoprotein fam

ily of membrane transporters (e.g. MDRl , MRP, LRP) , 

changes in cellular proteins involved in detoxification or 

activation of the chemotherapeutic drugs , and the alter

ations in molecules involved in DNA repair and activa

tion of oncogenes such as Her-2/neu, bcl-2 , bcl-XL, c

myc, ras, c-jun , c-fos, MDM2 , p210 BCR-abl, or mutant 

p53 are believed to be m勾or players[49J. Among those 

factors, mounting evidences have confirmed that chro

mosome instability (C卧。 may be the fundamental cause 

in chemo-resistance. Although several factors may 

. Review 

contribute to CIN, centrosome abnormalities may be a 

critica1 one. Abnorma1 centrosome itself may lead to for

mation of poly- or monopolarity spindle resulting in chrc.-< 

matin mis-segregation, which further result in or accel

erate inactivation of tumor suppressor genes andlor ac

tivation of tumor genes, thereby leading to the develop

ment of chemoresistance. Indeed, m勾ority of drugs used 

today exerts their anticancer roles by interfering with 

DNA metaboli sm. The side effect of dose-dependent 

toxicity brought by mutagenic or cytotoxic agents may 

act on chromosomal fragile sites , which , plus the de

fects of DNA repair system in cancer cells, makes chro

mosome being prone to break at 仕agile sites, then caus

ing break-fusion-break, thus promoting extensive CIN[50J. 

The resulted CIN may refer to an enhanced rate of ac

cumulation of gross chromosomal aberrations and gen

eration of tumor cells equipped with further malignant 

characteristics , consequently conferring tumor cells to 

selective advantages against host defense mechanisms 

and chemotherapeutic agents[51.52J. These findings sug

gested that centrosome may have close relation with 

chemoresistance. Support of this idea comes from the 

recent finding that p53 status deterrnines tumor response 

to antiangiogenic therapy and heat shock proteins (HSPs) 

varies with tumor progressions[53.54] . Taken together, 

chemoresistence is a very complicated process involv

ing various genes and signal pathways. Choosing one 

of the centrosome proteins as a target for cancer therapy 

may be effective at some degree or at the beginning . 

Inevitably, consequent resistance may occur for most 

of the cells, for most cancer cells possess abnormal 

chromosomal s位uctures being different from each other. 

In our previous report , centrosome abnormalities 

may be one of the most earliest events in cancer devel

opment than that of p53 mutation and telomerase up

regulation, which have been long regarded as the major 

factors contributing to the devlopment of carcinogenesis, 

so selective target of the centrosome as a whole through 

combination of chemotherapeutic drugs is expected to 

be reasonable and promising[53J. Unfortunately, up to 

now there is no report to confirm that any drugs can 

dirrectly target to centrosome. However, Kong hypoth

esized that when tetrazolium sa1ts are present with viable 

tumor cells, the centrosome crysta1s are formed. Crys ta1-
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lization of the centrosome bloc k s not only DNA replica

tion but a lso DNA repair through restraining the separa

":o n a nd movement of the duplicable organelles and 

cytoskJeton s. Despite there i s no evidences to attest to 

w h eth er it is true or n o t , there is no doult that interrup

tion of the abnormal centrosomal functions may not only 

limit the formation of spindl e a nd the segregation of 

chromosom es but aJso interfere with s igna l transduc

tions from and/or to the centrosomes in cancer cells as 

centrosome plays s u c h impor tant roles in cell contro l. 

1n oth er word s , a ll k ey e nzy mes located in the cen

trosome will not function normally , and the cellular 

structures that are rich in the e n zymes will be function

ally a nd s tructurally frozen or restrained[55J. Clearly , re

striction of centrosomal f unctions exerts its cancer kill

ing effect, which is expected to avoid the critical prob

lem s u c h as the development of resistance to cancer 

therapy . 

5 Summary 
Centrosome works as an integrated complex s truc

turally and functionally in regulatin g cell activities. Dis

rupting any compon ents of centrosom e either in s truc

ture or in function m ay provoke malignant transform a tion . 
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中心体:洞悉肿瘤的发生
陈颖 1*周岩 l 黄立勇 2 孔庆忠 3 *

c 向南科技学院生命科技学院，新乡 453003; 2 新乡医学院第一附属医院神经外科，卫辉 453100 ;

3 山东蓝金生物工程有限公司，济南 2501 00)

摘要 动物细胞中主要作为微管组织中心的中心体在细胞分裂时确保了染色体平均分配到

两个子细胞的过程，从而保证了基因组的稳定性。 中心体的结构或功能异常都将不可避免的引起基

因组不稳定，从而导致肿瘤的发生 。 鉴于主要由中心体异常引起的染色体不稳定是肿瘤细胞的一个

典型特征，而染色体不稳定又与肿瘤细胞的耐药性有着密切联系，因而不难想象以中心体为靶点的

肿瘤治疗的合理性。 因此，本文将着重阐述中心体在细胞调控，特别是与肿瘤发生密切相关的细胞

活动及药物耐受中的重要作用 ，以期为更好阐明药物耐受机制，并为与中心体相关的抗肿瘤药物研

友提供新思路。

关键词 中心体;细胞周期; DNA 复制;肿瘤治疗

收和日期 2009-07-23 接受日期 20 1 0-08-26

*通讯作者 。 Tel : 0373-3040337 , E-mail : yingch@yahoo.cn ; Tel: 0531 -8 1219100, E-mai1: kongcellbrain @hotmail.com 
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