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ABSTRACT

The biological individual embryonic development &etlular proliferation, differentiation are stritt regulated by
multiple genes. PcG gene group is a kind of impurtlevelopment related genes, PcG proteins cam ieei form
of protein complexes involved in inhibition of H@¥nes expression, in order to maintain the bodgsnal
development and cell proliferation and directiod#fferentiation, for instance, PcG protein formatiof chromatin
complex of embryo and stem cell self-renewal plarednportant role. If the hox gene transcripticegulation of
protein function can be caused by changing the f@xe expression patterns and abnormal cell praiien,
differentiation, and presents some special pathioldgphenotypes, such as abnormal hematopoiesisstate
cancer, breast cancer, abnormality of individuaveilpment, and histone modification plays a kePo8 silence.
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INTRODUCTION

01 Hox genes (Hox gene) is a kind of important depelent related genes, but pattern "space-time" dedid
directional differentiation and proliferation ofltsethrough its specific expression, and regulage development of
the body tissues and organs. Once the HOX genelysdunction of the transcriptional regulate proseiit will
directly affect the cell proliferation and diffettétion process. In fruit flies and vertebratesnleotic/Hox genes are
in the front axle expression in embryonic develophie the specific areas, and homeotic/Hox gengsession, in
the form of the "time", coordinate the finished mmlt antagonism by the PcG (polycomb group)/TrxG
(Trithoraxgroup) protein functions. In vertebratisijt flies, and even plants, the PcG/TrxG pragseitme composed
of a set of very conservative in evolutionary delfunemory system, so the homeotic/Hox genes ity remain
stable in the process of development, and pass dmnmaration after generation in the cell. Thus, wie PcG
mutations in the gene will cause abnormal expressiohomeotic/Hox genes, and eventually lead to libdy
dysplasia and deformities. In mammals, PcG genetions can also lead to promote cancer gene expness
cells increases, even tumorigenesis [1]. In thisepathe general research of PcG protein and ftistifon were
reviewed.

1. The PcG group overview and PREs discovery

PcG genes was originally found in fruit flies, theynergy sustained the inhibition of the HOX gersesd fruit flies
at present was the best model for animal resde@GITrXG system [2]. Drosophila embryo researchastbthat
"space-time" of HOX genes expression patterns weggnally affiliated to the gap. The two kinds fotein with
DNA bind activities mostly, and its distribution thia certain regional. The gap class of protein tisdirect
inhibition of HOX genes, controlled range overlaiptwo classes of protein and the role of mutugbhganism,
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jointly established the specific HOX gene expressiatterns in the cell. The drosophila embryo gateer after
about 4h, the above two kinds of protein gene esgioe shut down. For establishing HOX gene expoessi
patterns, the PcG and TrXG protein maintained antbam, the PcG (polycomb group) protein mainlypmessed
cell gap protein by closed HOX genes expressionjewhrxG (trithorax group) protein ensured HOX gene
expression to continue activating [3].

A feature of is PcG protein was performed by mamtgn complexes, these complexes with chromatrméal
distinctive and discontinuous nucleoprotein streetoalled the PcG [1]. Biological research showealt tthree
uniqgue PcG protein complexes had been purified,nipaincluding PRC1 (Polycomb repressive complexl),
PRC2/3, PhoRC (Pleiohomeotic repressive compleéRCPincluded Ring1lB RinglA, BMI - 1, PC3 (Polycomp3
PRC2/3 and EZH2 (human homolog of enhancer of 2¢steED (Embryonic ectoderm development), Nurf55;
PhoRC included Pho and DSFMBT. Three PRC2 / spenifthylation of histone H3 lysine27, and EZH2 was
catalytic subunit, other components also playeéhgortant role; PRC1 had inhibition of the nuclearall weight
and transcriptional activity, could make the H2Aslne119 ubiquitin; Pho PhoRC of subunits with DNiading
activity, Dsfmbt had combined with modified histenactivity, the author analyzed by fluorescenceaprdtion,
when H3 and H4 sheets formed four or three metioylaDsfmbt protein MBT repeated selective comborato
the N end of H3 and H4 [2]. But it had found thadgnof the PcG was not DNA, the report gene deieciind
CHIP technology revealed specific role in cis elamis - regulatory sequences). So these reshtiwed that
Polycomb responsed elments (PRESs). Then it wasfalsa that the sequence of specific proteins etted Pho
PcG protein transcription factors (mammals YY1 héogoe). The ChIP experiments showed that the
transcriptional activation of genes did not hav&Rrotein combination of PREs. But the latest redeahowed
that the PcG protein component combined the PREsnlithe proximal PREs, the combination of the RxGtein
decreased significantly [4].

2. PcG protein function

Cell proliferation differentiation process inflused by HOX genes expression patterns, while thesctd PcG
protein and TrX protein regulated every developrakestage of the HOX gene expression of cells.dfHHOX gene
transcription regulation of protein function chadgey the HOX genes expression patterns and abnoceibl
proliferation differentiation, some special pattgptal phenotypes.

PcG protein formation of chromatin complex of enthayd stem cell self-renewal played an indispersaide, and
was often being degraded in cancer cells. Accordingeports in the literature, in the human fibestl cells,
Genome- wide used positioning analysis technicgitte PcG protein complexes of target genes, itfaasd that
the genes for embryonic development and cell faterchination played a very important role. And asafound
that if the missing PRC2 components EZH2, EED, Suahd PRC1 BMI - 1 40 genes in human embryonic
fibroblasts suppressed. PcG gene not only regltate necessary embryonic development and keptuhddber of
adult stem cells, such as: the regeneration ofahesiem cells on hematopoietic and BMI - 1t and &@moietic
stem cell failures. With PcG genes in regeneratelis differentiation and development played thpamtant role to
maintain consistent some PcG genes. The entitédamatopoietic cancers was expressed, and fudbed that
PcG targeted in some tumor suppressor genes, asd genes declined in expressing in tumor [5].

Mammals PcG homologous proteins was related to hum@matopoiesis abnormal. The gene cloning and
positioning in chromosome 10 p13 had total of 99% 591 adenine, cytosine, guanine and thymine Bfi&.gene
mutation could work with ¢ - myc oncogene, causd®l eell non-hodgkin's lymphoma. Because the bmigete
encoding protein had the function of promoting $@anic mice occuring lymphoma and was considerating to

the occurrence of acute leukemia in mice. Due ¢oltimi of phenotype - 1 transgenic mice and frigsfimutation
phenotype were very similar, its function was asmservative evolution. The results showed that-bwias the
function of proteins in hematopoietic cells speiifi of spectrum and differentiation stage, did seem to be
necessary during embryogenesis, but for some athdtsproliferation of hematopoietic cell lineage sweery
important. Bmi-1 gene expression patterns, unlikestmother PcG genes, was in primitive hematopoietits
expressing high levels, and in only a few concdaB@& mature cells. ZNF144 MEL18 genes was a hunw® P
homologous genes, and genes were highly homologithsbmi-1. The gene was in high expression in piaa,
lungs and kidneys, but in the liver, pancreas dwmdetal muscle in the expression level was low. §kae was
located on chromosome 12 12 g22 belt. Because MEtdr&genic mice genetically engineered mice withi b
having early T, B lymphocyte differentiation barri®ue to its phenotype and excessive expressi¢fXAL10 or
HOXA3 mice bone marrow hematopoietic cells, botlgimibe affected by the same HOX genes expressidn an
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caused abnormal cell differentiation. Under normiatumstances, MEL18 genes encoded proteins withotu
suppressor activity. But unlike drosophila PcG eimt MEL18 gene encoding protein could bind to Dhiifectly,

it had become the first identified combined with ®Nlirect characteristics of PcG proteins. Due tffedent

MEL18 genes in the origin of all kinds of tumor Isglthe cells were expressed, and there were aireigds for
HOX, ¢ - myc and the BCL-2 the regulation of geranscription being affected by MEL18 protein, acting to

Kanno study, such as MEL18 proteins controlledeast two different biochemical events: (1) the scaiptional

regulation of HOX genes; (2) cell growth/death coht

PcG proteins in the X chromosome inactivated asd played an important role in tumor formation. EZ¢buld
specificity of methylation nucleosome histone H8ig (H3 - K27) from 27. H3-K27 methylation promdtthe
PRC1 complex components (PC) combined into one exierim the N of histone H3 tail ", indicating thRtG
mediated gene silencing contacted between histotenethylation. EZH2 mediated H3-K27 methylationmpoted
the combination of PC to raise PRC1 complex sige&lD - EZH2 PcG protein complexes and methylatibn o
histone H3 27th lysine (H3-K27) contributed to gesilencing, H3-K27 methylation in imprinting (impting) X
chromosome inactivated [2]. Cells and embryonitsogkre in embryo in vitro during X chromosome itiaated,
EED-EZH2 PcG protein complexes inactivated X chreame (Xi), and also with H3-K27 methylation. Thisk

of compounds in Xi raised and methylation depenateXistRNA, rather than its silence function itsé&ZH2PcG
protein mediated H3-K27 methylation were shown arkrand random X chromosome also inactivated.

It was reported [6] that EZH2 played an importawierin the evolution process of human prostate earteZH2
gene located on chromosome 7 q35 position, the getlee genome structure covered nearly 40 KB, aioetl20
exon, opened reading coding box distribution oreg®&ns. EZH2 gene and flies E(z) gene sequencexdnadigt, in
n-terminal section had three highly conservativgusace, in the C terminal had a highly conserva8&# (Su
(var) 3-9, E (z) and t rit horax) area. In vertébrBcG homologue contained two evolutionary coresgregion. N
chromatin area (chromodomain) was essential for pagdein combined with chromatin. The mutation @GP
protein lost chromatin binding ability. And consative C end of PcG protein function was very impaott C genes
for missing mutant lost inhibitory activity. E (&nd its homologue all vertebrates contained higllyservative
SET area. EZH2 protein also contained highly corstere SET area. SET in gene expression related to
chromosome regulator. EZH2 mediated transcriptitnibition relied on complete SET area. EZH2 couliilit the
chromatin structure of target genes, promotedmeliferation and stimulated the proliferation afror cells. That
was meant it could be a new tumor markers, andugthdshowed its potential clinical value. Their BNhips
used in the study of prostate cancer, the reshtisved that in comparison with localized prostatecea, 55 of
metastasis of prostate cancer gene expressiom raliisgously, 480 gene expression significantly lozee Column
in the metastasis of prostate cancer first raisgted=ZH2, targeted on EZH2 siRNA double-strandegdEiH2 to
the amount of protein in prostate cancer in vitnal @nhibit cell proliferation. Compared with locadid prostate
cancer and benign lesions, metastasis of prostateec EZH2 transcription increased significantlsor primary
prostate cancer metastasis, EZH2 genes were atlivAt the same time, there were multiple genestraption
being suppressed, rather than being activated. ifhibition had the characteristics of group intidi. These
repressed genes, many of tumor suppressor genesinditing tumor evolution process. In additidgnwas also
found that EZH2 was mediated prostatic cell prodifoen and the role of transcription. Anyway, besmthe
abnormal expression of EZH2 gene transcriptionrdised mechanism of memory, might participate enpilocess
of fatal prostate cancer, there might be geneticigg in metastatic disease inhibition mechanisnadidition there
also reported a cell from the udder of normal nestEZH2 expression, invasive breast cancer compaitd
normal breast epithelium EZH2 protein was raisedHE protein matrix analysis of breast cancer, drel result
was similar with prostate cancer, which were re&atwith benign breast tumor, limitations of breasncer,
metastasis of breast cancer with high EZH2 praggpression.

EZH2 mechanism might be EZH2 in Im-prb - E2F pathvamwnstream, because the phosphorylated Im-prb
(Retinnoblastoma protein) combined E2F, E2F stapth8se inhibition gene transcription, dock Im-pri2F
complex combination in DNA promoter site, in sitthibiting the transcription of the promoter, theHEZ could
stimulate the proliferation and inhibition of tatggenes [7]. Activation of p53 by inhibiting EZH2rgmoter
inhibition of the expression of the gene, also tiglothe Im-prb - E2F pathway mediated G2 / M bldmkusing the
expression of EZH2 in p53 inhibits, tumor wouldoal'ecome a new way of controlling the evolutiorcafcer cells

[8].

3. The recruitment of PcG protein and PcG protemulex regulatory mechanism of target genes
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How to be recruited to the PREs PcG has differemtlets: a view was that EzH2 and Eed could be djredth
Pho in vitro, so Pho directly recruited PRC2 to BR&d PRC2 could make teimethylates histone HIRRES,
and thus provided PRC1 PC protein binding site$.sBme of the latest research challenged the mtiueCHIP of
quantitative analysis showed that in the PREs mscleme is missing. Others reported Pho and Ph PRRn&s
and Pc directly interacted, and they could combinigare DNA in vitro [4].

But after the PcG protein complexed with PREs djmediow to accomplish the target gene regulaticas ot
clear. It could be through by following mechanisnas:in the form of more protein complexed with PREs
combination of Hox genes transcription regulatioone, controlled the DNA of chromatin packaging into
"heterochromatin” structure, thereby specific tcaiption could be into DNA control area; B. thelstiy of the
nucleosome was arranged to prevent complex (SUSWA2SNF) of nucleosome remodeling; C. TAFproteins
were activated to restrain activity of transcriptimediating transcription; D. The change of histanetylation; E.
the interference between the promoter and enhasfcérteraction; F. The complex of formation silectild-
promoter. These effects were usually mediated Iy protein combined with the PRE, but other stufthesid that
PcG proteins also combined with some outside the &&te promoter, these sites had important functiosome
cases, might assist in the upstream of the PRE {@rk

4. Epigenetics and PcG silence

Epigenetic events included DNA methylation and drist modification after translation, such as acétyka
modification, etc. The change of chromatin strueturontrolled the transcription of a variety oflaalodels and
histone modification had been recognized as a &incbding mechanism, called histones passwordp#ssword
could be some protein complex identification, tmet@in complexes could specific recognize and comlto the
modification of histone, causing a series of biatabeffects, Polycomb inhibition and Trithorax proters played a
main role in the event of epigenetics protein cames [5].

It was reported that the gene closed, H2K27, H3#&K20me3 existing in the upstream controlling apramoters
and coding regions. And in the case of gene adtivathe three methylation in the promoter anddabéing regions
disappeared, illustrating these histone modificaptayed a key role for PcG silence [4].

5. Outlook

Embryonic development and its regulation mechareémn organism had long been a hot spot, but becaiigs
extremely complex gene regulatory network, the aegdeis tough. PcG gene families in both the fflyitand the
orientation of development in mammals, cell proiteon, differentiation, apoptosis and other pheapnon has
played a decisive role in life. More important sfgrance is that in the form of more protein comgale of the PcG
protein family regulate the expression of targatege at this point, it enables people to updatesrgtdnd of gene
expression regulation.

With the deepening of the PcG protein and proteimmexes TrxG research, people further understatfidlar
memory mechanism. In exploring the development tantbr formation on the basis of common ground betwe
the gene expression of the research developmesparfe and time order and programmed process, maatig
tumors of the same gene expression in the evolytioness of disorder of time and space and randssmwere
found. For the level of structural genomics andcfiomal genomics research evolution mechanism digmancy,
the useful diagnostic and prognostic evaluationksiare found and new way of discovering new tharapéargets
open up. Such as clinically prostate cancer, bremster mortality remains high, metastatic prostatecer, breast
cancer EZH2 protein expression is significantlyn@g If the high expression of EZH2 localized padstcancer,
breast cancer, the clinical prognosis is pooregratore EZH2 can be used as tumor markers in nromitdhe
evolution of prostate cancer, breast cancer.
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