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Influence of Polycomb Proteins and Epigenetic Transcriptional
Modifiers on the Development and Activation of T Lymphocytes

Taehoon Chun
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Transcriptional regulation of a gene is not always correlated with genetic information in-
herited from parents because the transcription of specific genes is often governed by the
modification of chromatin structure. The study of transcriptional regulation by modifying
chromatin structure is well-known as “epigenetics” Several methods involved in the modi-
fication of chromatin structure have been developed in the mammalian species during
evolution. Among those methods, methylations of specific DNA region or histone are of-
ten used to control specific gene transcription. Therefore, understanding the activity of
proteins involved in DNA or histone methylation is an initial step to control the transcrip-
tional activity of a specific gene. Polycomb group (PcG) proteins were known to be repres-
sors of transcription of a specific gene by creating and maintaining methylation or ubiqui-
tination of the specific region of histone. Dependent on the target histone, the activity of
PcG proteins effects on the development of specific lineage cells or the activity of specific
cell types. In this review, the function, expression and activity of PcG proteins related with

the development or activation of T cells are discussed.
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S AYSEA 37 (epigenetics)© ]9t = 20}E] (chromatin) 2] G-20]]
el 54 §-424e] HAH(transcription) 7HA|7} EERTh=E S22
&, U A& 7HA AL Bofd e AEololl A = 2ol
e} o2 A e 89S aAleh] f1eh deke 2 A=
o 22O 2= X7 el DNALE 378 W ol Agtsh=
] 7k} Ay Ak wstol| whet FefA|n, o]t k= 54
TS| HAHETE ofU e}, 3 < (mitosis), -AF FA|(DNA
replication) 52 Z74st=t] W9 F-03F 9910 2 2H-g-gtrHi).
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Sjgton, Tefa Bhe] 2 7 ol sl gtk £
I & (polycomb group, PcG) THIAE2 I 20lE] 125 o|F
a1 Q= E4 5] AE(histone) F-5-0f] W27 |(methylation)L 4]
FE (ubiquitin)& A ]2 0] 25 HEPA]= SRS
2 dEA glom, o2fdt Ave 54 Farke] At A E A
71 ol ZARAIIALR A QUTHR,3). whebA, e L
& T EES B/dof wet 54 DNACE Agslal Gl 3|1~E 2
w3} fof] uheha] 57 Alzof #3t 9l EAdo] 24 H
ok & FAL ol E21F O EUEES] Ao THEA &

sfe} &/dol| viA| = Gl Hel] Lokt
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1. B2I2 HNs0| 57, U, JIs
Y

Polycomb Group (PcG) T2 2u2] 9] HHHo| AFS &
sto, Zte] 27 wenbol] Zae ol3S 5 Hox-§41%} 41
AE SIS 20T A ARHCHA. o2l 752 Zafell
A] BFEAY Trithorax Group (TrxG) T} AE0] E4 54} AA}
& ZAAPIE AT e 88 1 Ao deld At
(5]. PcG T 50] 7]5-0] AE FrololA] A 5=9] 7] 40]
UEheS n]Fo] Kol 2 35Eof| A% PcG Tl dE590] 75 %
HE gof §lFo] AFEUTH6]. PcG T o] o3t F-44} ZAL
oAl= 574 FARe A8kl Qli= 8] E(histone) o] 25 H

ShAIRIO] SfRtrial AP A glom, ]|t PeG T A Sof| 23t 3]
AEO] G WE}of| A= HPHS A7 W9 7] (methylation) 2}
FrH]F " (ubiquitin)e 57 8]2Ef Zol= HRe] o778,
PcG TASof wlgbA PG THAE-2 methyltransferase®] &
1} ubiquitin ligase?] &eHe: 5H= A4 E3kAetar & 4= 9k
ESF P PG TR 52 3| A% 9] deacetylationS: -l AL
DNA methylation2 --%=317| % $tH9,10]. whehA] PcG thiAl &
o Fdol w54 Tor Apo] AAR7E A, o3t 75l 9
3 57 Al2e] 3 ‘_@r | Lofitty.

PcG T 52 RIS Eol| A & KB F 7HA] 9] HRA| & o
S, polycomb repressive complex 1 (PRC1Z} polycomb repres-
sive complex 2 (PRC2)& L}FITH1L12]. PRCIOA] B3AE o] F
L gzl o 42 2o]m, BMI-1, CBX2, RINGIA/B, EDR1 (PHCI)
501 QtH11,12]. PRC20|A] BRIA|E o] = Thill 82 335 o H,
EED, SUZ12, EZH2 (ENX2) 0] ¢Jt}{11,12]. PcG THHZIE-2- &
Tk off 7P aresfol & -2 PRC1ZF PRC22| HHAE o] F+=
PcG Tl E50] 71754 tpef/d} o]of whE PRC1¥} PRC29| H3t
Al 7159 v S aefsliof & Aotk i) PG TS
2 RING-finger domain '+ Zinc-finger domain2- 74| L §lo]
DNAol 8 4 Qi 52 7, ek 2 ehallle) Ak 2
838 42 Q)= 7158 7HKITHIL12]. o]#3t ZF PcG THilEE9] 7]

2 offg 5] PRCIZ} PRC2 G HgH) 2315 o]
‘I“Cﬂ'oﬂ e} E4 target DNAZ} 2} 4= 9lom, o]of w}2 4]
3L 39 Hole debd Aotk AR 2 PeG Tl E-0] PRC13}
PRC2 hijd B3HS o] 1, 5 7l olut Aol e
i el 7od % a9 S A4Sl o)
PRC2 Thiz) o] PAIRHS o] R S0 2he
21 %= QJck. T4} PRCLS} PRC2E A0 2 EL gro] ot}
A2 ALE Aok o QelAl glek ofeta 724 7
ClopAo kel PeG BB e -2 Aol ujef vl 4
], Theo] mEsh; fulFEstol| gt A =nbe Stz #Bte] 7

oolr_ELF
o & do =

2 0

i
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5o Sk AL oF Hieka Azt ob th Bk 7] 9
2 Holekn 325t

PeG TS| 5|AES s 54
© 2 oreld e, 14).

K L4 PRC2 E]'H A ESHA|7} tar-
get --7AAF2] promoter regiono]] PRC1 Tl 2] H314|9] o] 52
Tt Ao] oF#A] 9lom, PRC2 ThhA 2317 9] 3t subunit?]

EZH27} H3 3] 2~E9] lysine 270 A 7]2] &7 5 &)+ 2o
= dEfA QIhi3,14]. & EZH2= 54 5]124E90 Al 719 ”1]E‘7]
(H2K27me3)E E°]+ methyltransferase©|CH11,12]. 74 3]~

ofl Al 7i12] HE7|(H2K27me3)7} £ E4 54719 7<4/\]-b ez
A=, o]2fgt o= 54 Al20] #3} A| AT dA+tof] SJ5f o]
] gho] eFed ] Qlrk PRC2 T E3HA) 7} target -5 A+2] pro-
moter region®|] PRC1 Tl E314|9] o5& =g uf a3t
RS chromobox (CBX) Tzl E-0]th15]. CBX= HE 7|7}
-2 lysineo] Agtsl7| wfiol WEste s|AET} PRC1 THlE
ERAIE Adsh= o7 S ghth(Fig. 1A) [11,12,15]. PRC1 T
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Fig. 1. Transcriptional inhibition by polycomb proteins [10-17]. (A) Tri-
methylation of K27 residue on H3 histone by polycomb proteins
blocks the transcription of target gene, (B) Ubiquitination of K119
residue on H2A histone by polycomb proteins blocks the transcrip-
tion of target gene, (C) Either histone deacetylation or DNA methyla-
tion by polycomb proteins blocks the transcription of target gene.
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w B aAle] 29 PRCI S 231A1o] 93t trimethylation
(H2K27me3)2 F-AIS[AL, H2A 3] AE2] lysine 1192 4]
EISHH2AK119ub) 3H= A0 & A A QIeH12]. ofuff FH]HE Li-
gase &THS 1= 712 PRC1 Tl 514 9] subunit 55 Ring T
WS} BMI-1C 2 A4 QItHFig. 1B) [16]. o]2]3t 574 5]~
E O] 31| EISHH2AK119ub)+= RNA polymerase I10]] 2|3} ZA}
22 oflstel AT 2 54 §ARt] AALE AT

PRC1 TH2] B3] 1 o] Wl thal 2] 5] A= 9] deacetylation
< o, S DNA methylations =511 % gc}(Fig. 1C).
3| AE 9] deacetylationS =& uff S35 Thl AL EZH22}
EED E3H 2 &eA glor, 3|AE 9] deacetylation HA| E74
$H1740] 2412 o{Aschi okl olck oluj EZH2}EED 33t
A+ histone deacetylase (HDAC)} AgFsttie a4 Q1c}(Fig.
1C) [9]. DNA methylation®] 74-%- PRC1 T E5kA)|7} 217 4]
© & DNA methylation -F%E51= Al0] ofyz} 3| AE 9] dea-
cetylationS =8t uff 593} Thai20] EZH29} EED E5HAof
DNA methyltransferase [ (DNMT1)S Ag}s}o] Yojuttial 211
=] SIck(Fig. 10) [10]. T3H o]213F DNMT12} PRCI Thil 2] E3HA
o] AF}S PRCI Tl E Bah4| 9] 3| AE deacetylation B0l 5
fstrial defA leHio).

PcG ThilE o] o3k AA| W 248 £7)4| 2 w38t
A 7RA) ookt AR ol A AStE| AL QIAIRHI]
8] T Yz 4-9] 73} 2 8y Z8o] A= 2 PcG
AQlskate 2 oA QA gtk PeG ThilE Fof
A3z Aol FFE F= =42 AA 3714] PeG T A(BMI-
MEL-18, EZH2) & e A glom, o] thla 50 k¢ gl 7]
o) T el o] 5 g 2

N a2

2o 4z
oy £ £ o
= X T oC
Mo X

=R o dm R

olr

i)
2,
=
)
rlr
o
0%t
Mo
o
o
A=)
iyt
O

2.BMI-10| T 2lZ+o| 23 3 & =Hoj| 0|xX|= &

=54 W g g aPgol| A Wt 23} vgat BMI-19]
A P AN 2] S HRITH18,19]. &, CD34" X8 KA 29
A= BMI-19] W oFdo] A Yepe, dot 54 HA A2 2
315l CD34 A|3zof| A= BMI-19] Whdo] 746k 20 2 4
A QArH19]. o3t Axt= BMI-10] 2 7] 3L 53} Hof 8.
SF Sk Stk AE YRR ofefRh AZES SHlstE o2
Bmil A8 P ES A5 Hate] dhdo] dkestA Yo
U, A7}44] © 2 B cell lymphoma”| AF¢1%] © & A71cH20]. HHH
Bmil 5727} AFE AFol A= "z do] A AF Ht
g dojuA EHri21]. AAZ BMI-19] 7|52 2 ALY self-
renewal S A=t F-Q3}0kal ¢efA QJr}21,22]. o BMI-1
2 pl6™ 2} p19*] HAE AA|AA p53e]EA A Apdo|ut
A2 =3} A2 BEE RSk 752 §ith21,22].

A Woll A e T fazto) Wi 3Hy-& 57 PG Tl
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AEE + Polycomb EHHEI0| T MZof Ojxl= @&t |

o] ofAtol| wheh HF 3l HH, BMI-1Y/EZH2, BMI-1'/EZH2", BMI-17/
EZH2" o] A 71A] Fefe] Al &2 U w, BMI-I/EZH2 &
Ueh = T H2Z A4l 52 4 U T HEZ dE 27] A4
3Z9] CD4 CD8 AE| o] Ao, BMI-1Y/EZH2" FElS el
L Tz AA= BMI-1Y/EZH2 FE1E U}l CD4 CD8"
o] HA| ool HAgRiTh Egh BMI-1/EZH2" JEfE Lret
U= T PZ L A4 CD4*CD8* A Q] T FLo]ch23]. whet
A, BMI-19] 7]-5-2 T Y 2 2 7] A| 3291 CD4 CD8 ™ /JEf 2]
A Wl Fa%h g oh= 20 2 YA 9lrt 53] CD4
CD8 Aefo] T Y3~ H-1A|7F CD4"CD8* AFel o] T 32+t %+t
A2 e 2, BMI-10] 23420 & ple™e} p19to] HAMS o]
Alsked A2 8- FXIATIThH= Zlo] A A lrt24].

BMI-19] 82 27| T 3+t 235} 1 o] & 54 T gZ19]
3h 2Ho|| % 9gFS nZck= B 7} UeRd Qo 941 BMI-L
o] Th, cell a5 ZRIAIth= Zlo] YA 910w, memory T ¥
Il e FQ% A3k gk Zlo] YA QlrH25,26]. o
23t A= =2 Bmi-1 1A 20E AT #89S ket
of dejxl AilEo|th25,26]. GATA-39] 79~ BMI-17} 4% 21§
2 3tth= Zlo] MY Z A (immunoprecipiation) I} yeast-two hy-
brid (Y2H) analysiso]| 2J3f 55|9ch25]. of2|gh 4 2H8-2
GATA-39] {HH|F|EISHE oJA|sto], Za}4 0 2 GATA-39] W&
< QPESIAIA Th, cell WS SXIAIITH25]. 3H BMI-1-2> me-
mory T HZLo| X Wr&sl= Noxa 774410 &S A5t
memory T H3Z0] A|Z APES OA|ok= A0 & defA Qlrt
[26]. Noxa $-744H= P25 1) 23k o) A Zol| A Al APE S
FrEshe FAAR gelA lom[27], Noxa -44+] CpG island
o] YJA|5h= E4 3] AE0f = trimethylation (H2K27me3)0] o]
b delA Qleze). L Hhell BMI-10] F-A41 W A a] Al 3 (thy-
mic epithelial cell, TEC) 2] A| 3£ EH-& ZZA1A AJA| Yol A1) &
A A7)0 YIS T =k BILEQITH28].

3. MEL-180| T &l=7o| 235} 2! &4 x=Hoj 0|Xl= B

MEL-189] 2H4-& F-Al, &4 B4, 4, Peyer'’s patch 5 T3
9] Ho7|HoA S Hol= A0 R LA QUTH29]. Mel18
AR A E AAF 2 7 tiFEe] "ML e Hol=
A4S Uetli=dl, ol o] fell 2Jal MEL-189] 7]-5-%= BMI-1
O] A} nZ IR 2 7] YEA 23} Hof Fe3h A3 o
Zoletar 21 TH29]. 3FARF MEL-182] 73-9- BMI-1AH 281
A|E9] self-renewal SXIA|7 1= Flo] ofua}, @32] 28 HA| 2
9 self-renewal & AA|ok= 2 0 = LERTH29]. o|2fgt 71 o] &
A= Mel18 57427 2 AYF]oll A Hoxb4 1-410] HAZ} 5
7h=], ofofl whet FA17] AFEH(Go stage) & 2HHA| 27} S0l =
AAol| ofgtt. wheba] ZE A A MEL-189] 7|52 23]
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ZY H AL 9] self-renewal2 A5} = A o|TH29].

wpehA] YL E5}ol|A] MEL-189] 7] ZH WAL self-
renewal-& -F-A|5H= AHCHE 28 WA Zoj| A THE HAAM| 22 9]
23} 3ol B 203 QBL T Aolekn Azl S5
Melts-§ A7} 2% 719 49, B ) 288 A2 1L70]
gk Wk-§-/go] EAEHA s A0 = e TH29). o]=igt o]
ol &J8fjA] MEL-18-2 IL-7 <=-8-A4Jo]| 2]t STATS5 signaling [30]
o S0 €3 5 A2 el 9Ic9l, Ee Melig 04
£ ast AAF Y A9 EA cycind} cyclin dependent kinase
(CDK)2] o] oA o] whef, MEL-180] Al 327|5 AA|sh=
7158 7P 916-S ¥8) HEH3L. ol el 9 Ak B Yy
8o Hgw= o] 23 B HZ Ao Al B Hws 24
SFoS ), Mel18 A TPz A5 ol A st B #
0] A2 2ol A A Wl WEHal B RT0] A
1293 wark o} Elck 91 Azl oj3) kel rH3),

MEL-189] 7]%-& BM1-19] 71548 27] 927 25} 215 o
F 54T 9o 242U FE vlcke B el
u 9lck 94 BMI-19] 7|53} w7 12| & MEL-189] Th, cell e
= SRARITHE Zlo] A SIH32). Mell8 A7 g A
Fol| A= Th, type cytokine5Q IL-4, IL-5, IL-130] ZHAE|H, 0]
2 AT 114 §249] WS}l GATAS W of] 2Jair}
[32]. 3FAHF MEL-189] 7]%5-0] BMI-19] 7]'54]H memory T H3&
o] wte] 208 3L Aol et AT o} olol
S sk

4. EZH27} T Blm41e| 23t 3 2 ZHof o[xl= S
EZH2= 57 3]2E0] Al 719 HE7|(H2K27me3)E 20l
methyltransferase®]7] Wj&o]| PcG THlA & 714} 231 7|5
S, ok kg Wol AtE Al Yl T o|o E3F EZH2=
EEDS} | E3HA|E 0] F0] 3] A2 9] deacetylations F-=8 =
210, DNA methylationg- §-45= DNMT13} ZAglel| = ¢k
tH10]. EZH29] 7]-5-& WA 2 Hrh= E71A| 3 oF Aol A
TS go] At E|9lom, EZH2 = M| Eo A =2 8 oF i
oo, 9bA)| 3£ 0] 'hof| A tumor suppressor 3 3H 317{L} onco-
gene A& o= YIS 7HITH33,34]. Ezh2 G427 2R
9] 29 AP Bl 32517] dhizol el ol o] EZ12
9] 7)5 A= AHA & AgHH o, 19k AYA| ol A2
EZH29] 752 HYAN L 7|5 288t o} o2 A2 ] 7]%
o= SRt A YARITH35]. whebA] EZH27F oA 2o
ot FaFE mlA| =7t thgh 71 Aol A A2 AE =
A&, BZH2 F320] v = A9 Al Yofub= He Ala29
FAF A Fol/do] ofz}t EZH29| 40| Bi= 57 A B
=0l Slek olegh A0 o =, EZH2+= Thy cellof| A] IL-42} 1L-13
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of

2] CpG islande]] 9128H= 57 820 Al 719 HE7]
(H2K27me3) & =<1kl GefA] §lom, Th; cellofAl= ol2fgt
trimethylation %FAFo] QF HRIth= K 117} L} QIT}H36]. ESH A
EEA T Yo A wrasl= E4 killer immunoglobulin-like
receptor (KIR) -F-A2}2] CpG island®f| $]A]5}= 5| A= Al 7€)
HE7|(H2K27me3) & 2<Q1tkal def 4] QIeH(37]. ®3h EZH29]
tyrosine residue p56“7} 214k} A|7|H, T Y U] CD3 &g+
A2} Aglsl= zeta-associated protein-70 (ZAP-70)2} Agtatrial
SFefA Sick3s]. Sl ol % shalle] Zigto] ofa) oA T
27 o] HFHEAE LehA 94 ek

o= Ezh2 427 A8 AJF o]l Ezh2 conditional knock
in 5|5 Y501 EZH27}F WA 32 2 9] 5.3} 2P o A] ofwt
3FS- 31l Q=TS skl Qlth Ezh2 conditional knock in A}
FlollAf Hojxl At Aol w2 EZH2= 2 W A f BMI-1
O] 7153t frAkHA|, £E AL A APES AlskaL, Al 5
715 G, stageZ FAIA|A self-renewalS -FA51=0] 83t 72
= A FeH39]. w3 EZH2= 2 WA E7F 57 U A=Y
3} Al myeloid origin®] HAN| 2] B35 FEst= 202 o
SFTH40]. $HA] 7]sa3t viep o] T gzto] Wi i 54
PcG T2 o] oFAtof whe} E=3) W, BMI-1Y/EZH2", BMI-1*/
EZH2', BMI-1/EZH2' o] S A 7}4] &efle] 4lZ 2 LhdthR3).
EZH2E W@ste T {ZA A4S =2 CD4'CD8" A €]
T YL 2 tA|o]7] whEo] §41 f A8 2H4(thymic selection)
o|u} £4 lineage differentiation (CD4"CD8" TE= CD4*CD8" thy-
mocyte) Wtol 23 Zlolefi -2 ek alAlek ol Sl

= 274 ob 4] whEso] 9)4) gl

5.1 8to| pcG EHHAISO| T Em~e| 231 3 2 ZHol|
0|Xl= &

Z1HFO PeG T A S 5 W7 || dgholu WA a2 o] 3}
9 A o] 2831 95 31= 9= CBX2, RinglB, PHC12.
2 oejA] Itk CBX2, RinglB, PHCI- PRC1 Thij 2] B35k o] -
dERECITH1L12). Chx2 AR A AF9] 735 vl
vascular T adrenal gland®] 23 &Afo] Ho|=d], o]z 2l
2 adrenal 4 binding protein/steroidogenic factor-1 (Ad4BP/SF-1)
ofgh= HAL Q1o o] Zak]7] wfZoletal A FlrH40].
Ring1B2] 79 BMI-10]t} MEL-182] 7-$-2} n}x7|X| 2 Thy cell
S SRR G R om[41], olli= Runx]/CBFb HAL
QAR A3 #] 0. = Agtsto] BMI-1 o] HYA| £ 2] 27] Z5}
of] 293} 9J§F-S n|Atk= 1 117} QJrh42]. EDR1 (PHC1)2] 7%
T ZERA| L] self-renewalo]] 231 ke shrt= H 117} Q)
T}H43].
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g B
PcG THlE 52 I 2ulgl o) L2 5 ofg] 71A] e = HSHAA,
EA G0 W2 oA|5h= HAFAA| A (transcription repres-
sor) = LefA QlTf. PeG Thil2 % | 574 e Az o didtolu} &
Aol F-83t 28-S ghrh= 712 PRC1F}F PRC2 Thill A EakA) U
O] 7} Z}o] k] chilH o] Wl S AAR Y] 2P B
7158 7571 73tk L o = PRC2 thilld E3bA) wh9f thald
2] BMI-1, MEL-18, Ring1B, PHC1 tHa 210] Z-4Jo] 4| A Aol
A MR E3to] ARl 71T, ol2fet AutE n]Fo]
1o} BMI-1, MEL-18, RinglB, PHC1 THH 2150 %3 11 A 3Zo]| 4]
o] A2 28] 23tof| Fajh TS Sk Ao = AZFEITH22,29,
40,43]. T3F PRC2 THal 2] H31) th9] thil 215 0 T B E Th, cell
S SAAITRAL S A TH25,26,32]. SFAIRE o] 27t A= T
FEo] A57F 574 3714] PeG THE(BMI-1, MEL-18, EZH2)9]
7|58 2 =gt o] Qlom, ThE PeG Tl E S0 of HA| oA
O Faht Zdol| Y-S mAlEtel thet At o Bed Ao s
AYZHEITE T3 9FA 71551510 PeG WA S-0] PRCIX} PRC2
gl B3 S o]S uf, EA 7]50u} Allol| wkel, PRC1T}
PRC2 FHHZ] BkA| o] JLA] the) & o] 2= thil R 50 X3lo v}
B 4= Qlef whebA] o3t 24 74 B el 54 WY
Alzo] A2 b 4= Qltk PeG T A E9] 7152 Al57H]
A7 A ey Eadel A 4= 9laz, HAAEE W PeG T
A5 7150l tht A= oFA] A3 SA AL Az

O
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