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[HE] W A 40 M 45 A 4P 8 8 1 1 (retinoblastoma-interacting zinc finger protein 1, RIZI) 3K, X FX PRDM?2
(positive regulatory domain 2) J&[H, /& PRDM BRI GEHE— 51, HAELUFIIES 1 PRESIIE . 1 MLIMERZHREE ST . 8
ANFEFE SERIAT 1A R R A0S 25 (retinoblastoma protein, Rb) AHEAEFIZLR . RIZ1 EEEN TN, EZN
R SEANRI N 7 . R . R -EA B S RE. RIZUSMEHRB M ELE S 5%, Hl i A e &
S EER AR, SRCERIE R RIZ1 SIBESE AR s & AN 2 5 2 R0 A= Kk JAE DG, HCl ok 0 T e S50 Sk R sl 44
2 5 MR . RIZ1# 1 v-ake BB 7988 95 #5082 L IR [A] 54 1T (v-akt murine thymoma viral oncogene homolog 3,
AKT3) ., EEEFAKNF-1 (insulin-like growth factor 1, IGF-1), LAKAE A E G 0 388 ART/E L3
T Z M E M (mammalian target of rapamycin, mTOR) . IGF-1. BE#Z X 3 28 FIAE JFEAH 00 715 Sl % . 3454 Tl
BRUIRE A 225 HH T W F A X, $R RIZVAEARFAERS . PRSI RIS B A E R ATBEAS R . E4pF9E RIZ1 5 RIZ2 724X
W HEAR P AR A B T AT T A% RIZ1 2 5 00 AR T AU AL . ok 3T RIZ 1R & HEA T2 Wi 5 s ek &2 mT g
XA 25 06 b J8 B2 W IR T A B R
[ ] ML RN 25 A B8 B 1 15 PRDM2 LR AR AERE; B, REmi
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A review of RIZ1 regulation of the signal pathways in obesity and tumors
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[Abstract] Retinoblastoma-interacting zinc finger protein 1 (RIZ1) gene, also known as positive regulatory domain 2 (PRDM?2), is a
member of the PRDM gene family whose protein sequence consists of a PR domain, a nuclear hormone receptor binding motif,
eight zinc finger domains, and an Rb (retinoblastoma protein) interacting motif. RIZ1 is mainly localized in the nucleus, where it
plays a role in transcriptional repressor, gene regulation, protein-protein interactions, and other functions. RIZ1 is an important
participant in the metabolic pathway, which affects basal metabolism and inhibits the development of obesity by regulating
metabolism-related genes; functional mutations or insufficient content of RIZ1 are associated with the development of a variety of
tumors, which participate in tumor processes by activating downstream oncogenes or regulating metabolism. RIZ1 regulates three
molecular signal pathways, AKT (v-akt murine thymoma viral oncogene homolog)/mTOR (mechanistic target of rapamycin kinase),
IGF-1 (insulin-like growth factor 1), and estrogen, in tumors and obesity through AKT3 and IGF-1, respectively, or acting as a co-
activator. The functional differences of the three molecular pathways and the crossover of their downstream molecules suggest that
RIZ1 may function differently in different ages, genders, and organs. The study of the regulatory role of RIZ1 and RIZ2 in metabolic
processes can help to fully understand the mechanism of RIZ1 involvement in obesity and tumor formation. In the future, diagnostic
research or functional recovery based on RIZI targets may be of great significance for the diagnosis and treatment of metabolic
diseases and tumor.
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R S 20 LI 285 5 S B 1 (retinoblastoma-
interacting zinc finger protein 1, RIZ1) F 20 {4 90
ERE R R, X E A RIZIERN WK
PRDM?2 (positive regulatory domain 2) F:[H ] i,
RIZI j& PRDM 3R 58— b1, HR S 9l 0 54 4l
R T g 2, SEARR B R B S S T AR R A
HE S 10 RO PR AT b8 B B R AR YRS, AT
P O R AR R S R R R R R S 1 A
FE— S [E Y BOR AR, SRR AR R I 2 5
P R S5 S d 7 X R R 58 A B T
I fiE P OIS B R AE N FERLE . ASCXTRIZL 2
RS i FAE B A5 5 B I DAZRIR , XS A
TE A 10 R AR I I A T e AR 2

1 RIZ1BEREI. EBHTHEE

RIZI B E AL T N Ge 544 1p36.13~p36.23 X J,
FEAAE 2N FA, WS & PREFEL (PR
domain) J3 AAHXS 43 s 280 000 () RIZ1 (PR™)
L K %43 F 5T B SR 250 000 (9 R1Z2 (PR™) 72
RIZIEAEA 10907, HEAFIMLE 11 PR
SEREL . 1R Z IR AT . SRR A e
A1 A0 R RS 40 98 5 1 (retinoblastoma protein,
Rb) AHEAVEHSLF . RIZIE P Eris 450 55 e 1
4545, R I o-BRBESS F HE IR T DNA KIE A .
RIZI % 1 H. 47 DNA &5 & Ui fig, 45 &0 42
GGGCGG Fl1 E-box (CANNTG) [A] 2§ fii
CTCATATGAC ™', #4b, RIZ1 A EA B ILAfE
i 3f LXCXE (Leu-X-Cys-X-Glu) #5#) 5 Rb & [ I
B AmERZ— "

RIZI H: A v PR &5 #4355 SET 45443 [su (var)
3-9, enhancer-of-zeste and trithorax domain, SET
domain] & BE[EE, PR &5 H 80 & A7 T 85 1N ¥
I SET Z5 A9 3457 T C i o [RIUE 237 s, PRG540
Y5 SET S5 Ml A7 16 3 AP FIA P PR i X3, il e
ZNA, B, Ch, Hbcafrihingg; MmA. BA
' FGP/W/EQNL (Phe-Gly-Pro/Trp/Glu-Gln-Asn-Leu)
AT A X 43 B ARG 1 #85r PRDM BEIN
ol B H oA E AR R
methyltransferase, HMT) {14, RIZ1 1Y PRE5HEE
A EE 1 H3 5 9 v i 2 R B LK (histone H3

lysine 9 mono-methylation, H3K9mel) Zjfig "',

(histone
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RIZI FERIAE NZE M . R . LA, O JIEE A
BESFLA Lz ik, JUHAE RN . 8. APk
IRE R o RIZI RN RS 5 447 40 2 Re PR 4y
TESCIE N “H A" HHOCAITF IR R . RIZIEHE
BT AN, ST AR R R BN R
TIifE: @O Sl E - T, W RIZE CONA2
(cyclin A2) #{ UBE2C (ubiquitin conjugating enzyme
E2 C) Rik, Z54MMIE I G, 301 e 4 sl g e A
B @ PR s Y i) P8 L-Fabp (L-
fatty acid binding protein) . Ppara (peroxisome
Ubiadl (UbiA

prenyltransferase domain containing 1) . Atp5g2 [ ATP

proliferator activated receptor «) .
synthase, H" mitochondrial FO
complex, subunit C2 (subunit 9) ] 55 3& [ 52 i A
fE. @ EAF-HEAFAHTAEM ", W RIZ1-HE#E
ZAK (estrogen receptor, ER) . RIZ1-Z [ %37 (K4
Wi s AT 1 (steroid receptor coactivator 1, SRCI)
-p300 WS S MR Z A % . RIZI/PR-SETT &
G W X B Bl “H3K9mel-H4K20mel (histone H4
lysine 20 mono-methylation) " % S iH ML & 5 &
AR Y, IF B E 2 R macroH2A1 FIRIZ1 B 5
FLIRE 75 [ FE I 1 (breast cancer susceptibility gene 1,
BRCA1) /511 U5k DNA Wi 248 & ', RIZ1 38 i
BELIHE G,/M 18K G, 301 52 i 40 s 5 w44 125 s
v-akt U ) IR 96 s 2 98 2k A ] I 4 (v-akt murine
thymoma viral oncogene homolog, AKT) /M L 3l ¥

transporting,

FEHE XM E N (mammalian target of rapamycin,
mTOR) & #& 41 fE AR 5 33 c-Jun 3¢ c-MYC 5§
S5k ke D

2 RIz1 5{%ii. BB

B SR RIZ1 2 5 A F A 00 B 93 0 4F 328 W 1
%, BEse Y EW, RIZU VP E S ZREA K1
(insulin-like growth factor 1, IGF-1) JE&[HFik; RIZI
if K 7E FEAIK IGF-1 Z /& (IGF-1 receptor, IGF-1R)
TR Ak 1) [m] P 410 ) 240 L AME 50 5 B4 (exctracellular
signal-regulated kinase, ERK) #1AKT. IGF-115 5
B AR UEA AR AR, RIZ1 AR 125 5 0845 IGF-1 %
B, RIZIIDHIANAICS . KRRy ™ %W, %
W45 AR S BOPRG A , WA R F LR AIK Riz]
FIRTF R 5 o b A L, HAEREE H3K9mel
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KRB, SRS R o RS e 5 RS AR
WCREY], RIZ1ZEEZ SR B IR %

JEJHEEL A A BRA T, A AR S 5
HELJHE B4 0 S7 B PR R 1420 Rizl B TR 4 B i /N B
(Riz1™') WY BRAE S, HL i v 4 0% 5 it 0 2 7
TR s W 37 S 56 6 B Riz 1~ /)N B 46 BE R YT R
TR s AR 280 R Rizl '~ RERE /N BRUFE 480 & FN
PR AR, IR LRI R R L B A AR
Riz 1™~ /N R IE 25 55 2 3k BE IR 2 A TP AE AR IR
BE DR R IR RO M S A 55 7 5 Rizl '~ MR /DN BRUFF
T 55 B SIS R A 2 B AR DG i JE R SRk R, i L-
Fabp. Ppara. Pparg. Ubiadl. Atp5g2. Cyp4al?
[ X % Cypdal2b,
subfamily a, polypeptide 12B] 45 ' ek & iz
SRS G BL T, Rizl ™ RE B/ BUR 205100 5
H R S S e DR 68 T 1A
AT B R PR 7 A A BRAIL R o AR PR A £ Bl A 3
ZAL, RIZLIESZS20 1A OGH %2 5 B e R
AT UEPEA ) T RIZ 1 2 — AR ) L P

AKT/mTOR {5538 #% 2 5 1 15 4 M A Q. 3958
SrAk . P TS RUBE IR G A 2 A B AR P Rizl
JE /N BL AKT/mTOR {55 38 [ 5 3 G 3 RIZ1 AT 4
G Ake3 3 3 ¥ KEOF R R 35, RIZIEUE I
P8 Ake3 FE F 3K, TG AKT/mTOR M H R #5553l
He S IR H RizI T AR/ IN BRIERIAC IR AR, RIZ1BR
KT RESE W A A A AQIE 5 1T AKT/mTOR 3 2% i 7T
REHE— 2D IR T 240 B A Qi S o

WEAERIA Won, Ake3™/NREABEICHZEEL . B
AW, It H AKT3 384 WNK 200 2 1 0 1
(with no lysine protein kinase 1, WNK1) /IflLi -¥# 57 5t
PRV 1 (serum-glucocorticoid regulated kinase
1, SGK1) {558 EAm AL I L 2o 7Bt i Rz 4n
R R AKT3 1] 530 2R R T BE T B A L Al AR 1
1% 2. BT sh Y 9L W AKT3 5 mTOR #0577 LA
i Riz1™—/NRAERE (Bl AR A 3R2) . ItL, RIZ1 Bk
o B Ake3 F IR HE MG AKT/mTOR 55 1 B 1] g
JEE N Riz 1™ /N AR B Y SRR A HILH

cytochrome P450, family 4,

3 RiIz1 5WE

RIZI G T AR 1Y 1p36 X B, % X 24 gk
SR AGEL AR A L SR FEIE, 1B ke
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O . TARIE . e RS Y. RIZIAE
ZREIE T R TR A BRI g
RizI™ " /NR G R, U HIZ5RE K B 4 Ak
EUR . [N, RIZIAE Z R o R 31 CpG i IX
KA AR PV I HAR N S KR CpG 1 Y
LS H RObR R IE R 2

RIZI j& PRDM FE H G 1 58 25 v i e 22 W B X 2
— PO I R AR 2 4 22 BB R 278 T X I8
SREF 8T (A) 8K 1 bp Btk LU &AM i F 8
R (A) 9 Xk A2 bp ik o 31X 2 Fh g A8 4 $2 A1
T I Z8 1k 00 BH R BT A9 R1Z1 Y, 9 L RIZ1
H(A) 9 XRS5 28 725 S 1 i 1Y) 0K 3 #4848 X
Ik P2, RIZ1 PR 2544 38k Ak Iy i 2 2k J2 98 i &
B =z — 0

134 b R R AR A R 0t A5 4R AL T R S
A, i B 2 BRI RE A RO 4 Rzl 3k VO W
T EFRE L FES-RAT P AR (S-adenosylme-
thionine, SAM) JK-F-FEAK, S-HR 5L w2 bk 22
(S-adenosylhomocysteine, SAH) /K F 5 ; SAM/
SAH B FiE, HEImi AR RIZI 3k, BEIRRRE R
WAL g P S BUERE & A DT IE R KR SAMY
SAH HBIIE R, RIZI 323k K 8% ) 4 F5 1 30
K, AT LA BT R M s MBS IR AR
Bf, SAM/SAH WM R B, RIZIFRBKFREML, KE
iR R T DT RIZ 1 SRR AR R TR SO

Zi b, RIZUEDELLT 3 80 X908 8o 4 Tl
il : @ PR &5 #4388 1 28 48 5 il 2% il HMT 36 14 T B
@ C A I X Sk 2 AR W IE 5 RIZ 1A Bl 40 46 -2
HAHEAEH . @RS TR RIZIFRE, FEHEA
KT RS

RIZ2J& RIZI 53— B 5EA, HR s+ T
RIZI LR RS 6 4 2179 1. RIZ1 5 RIZ2 43 51 LA
B (B -BH (BoE) 7 R XS5 Mg e
N P A M AR R, 4R T RIZ1 AT B i
PP AC B . RIZIAE S 0 BY % 2 15 i i
B, HARKH N AE HMT 36, 38 2 9 458 4[] 48 35 PR K
AN RS, A IE A c-Jun 5% o-MYC 45 0075 i ogg &
Az R Gy/M B G, 3 R 200 A1 ) ik 3 4
B S AL U2 A RIZE 3 AR B I AR S R
HEREFLEE ARG Y RIZ2 3 3 5200 G,/M 356 725 43 i
200 it mT SR P R A K 808 V. RIZI/RIZ2 76 AN ]
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i eV DT AT REAN ], HEBARBLHI R 5

4 RIZ1REEBEIMNEESHIE

AT R B IS e s 5 2 R bR AR, HL
JIESJHE F e o I R A B AT . TR A YL AR
F5: 5 T A e 15 5 e g 2 9 23 XU T e A 06 B0, i
o A JH S 75 A7 1 SR R B0 2 FHLR 2 BFgE BT 4
W, A . IRERE . MR A FA
IR OGBS R S T R D
JIEJH g A ) PR 26 . RIZL 5 e AR A g 60 22 0 A O
RIZ1 Z2CHHE N EZE S 5E &, HA 6
I8 A AR A S 5 R R R R, HARE
S B R A g ) e W] 52 e PR 2R, O] DL 45 RIZL
FEF HETSCHR AT, RIZ1 25 3 2088 e FIAE kAR
KA FAS S B . AKT/mTOR G #% '+ | IGF-138
e 11538 LM g R g 40

4.1 AKT/mTOR jii

W IR WE LB 3 ¥4 1i (phospatidylinositol 3-kinase,
PI3K) /AKT/mTOR J&: 3% 2 i 6 AL JHE F) AR S A5 53
e 0L G B T DU AN R R AR L AR
224, IR, R 25 a5y
PR . 20 S 5 0 A A5 2 Fh /R B P . PIBK/AKT/
mTOR Jf #% 18 1 S T (2 SEAN T RS . RHRT s 2k
A S R A A

RizI™ /N U AKT/mTOR {5538 5 5 00
HR s> S MEZ AN BRI 4B 45 A M 1
(eukaryotic initiation factor 4E-binding protein 1,
AEBP1) GVEMLTFEG ', FLRIZI B3940 i 5 Ake3
HEPR 3k B i AKT B 3E 5 5 43 F PI3K il PTEN
(phosphatase and tensin homolog) , 7£ Bf A= #I A
RizI™" /NP RIBIF T2 57 TENERE AR, RIZI
FlEbtE A ST B 3G Rk TR (BE Rk &%) . RIZ1
B T AKT/mTOR L2 H T i 45 538 i nl fE N
il 7R A s RN RIS AKT/mTOR #15
SR 5 # I L, R B, X REE
RIZ 1l Fa S hE AL HE B9 7] 737 BEAIL ] o

4.2 IGF-1il%
IGF-1 fERN T 22 54 K AT, H T 6T
WG SR FRAE &, NP IR . 5. FL
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JiR g 4 B RIZIL @ 3 IGF-1 )3 8 H 34 i 3%
BN gk, HE A0 ) IGF-1R/ERK/AKT i o5
IGF-1 40 i N 15 5 e AR M T 2 Fh ik 4% . PI3K/AKT/
mTOR {5 ST A4 K591k ; RAS (resistance to
audiogenic seizures) /Ml i £ 4 A
accelerated fibrosarcoma, RAF) /22 %L )5 40 jd 45 5
P
kinase, MEK) /22 24 J5 3% 1k 25 H 3 (mitogen-
activated protein kinase, MAPK) {5 5 Jili & 7 41 g 1%
FH DO AP RIZ1 B AKT A AT fEJ& AKT3 Al
IGF-1/IGF-1R W & S 1 &

TR ISHRE R 25 15 IGF-1 REAE 6 REY) 9,
JIE P AR L 0 IGF-1 5% 3t 39 i, IGF-1 T el % 3
{38 17 AKT/mTOR i #% 8¢ ERK . MAPK 45 5C# 4y 1
e HEAN LA 7 RIZ1ZEAE P AR vh KB AT, TF
JE 8. T RIZ1/IGF-1/IGF-1R/AKT/ERK # # JEL Jif A%, i
AR A, IZAE SR S T R IREIE A LR AR
PE o A, BRG] AR 2 8 5 AMPK {5 1
mTOR I Pk BUR 4 fIsET: 7,

(rapidly

(mitogen extracellular signal-regulated

4.3 WERCE

MR LT HEMET . AL ERT)
RBSSE T R EAE R, 20l i S S Ao E &
e WO FURE PO MEBCR TR R LR R A &
R FERE NE Y, RIZI S 31 P AL e TR
FEH T ARAE Y WS Y R, RIZI B A
T A AR LR BOE AL, B e-MYC UG -
RIZ1 1) & Il 2 B2 X 48 LXXLL (Leu-X-X-Leu-Leu)
ST SR Z IR A, RIZL, Rb FIMEHER Z 1K
S LB R E A R . RIZIL B
RS MENZE R0, RIZAE Ay M 38 25 52 1% 3 [0 184
T RS T RIZ1-SRC1-p300 55 St 2 52 S R
VI DR 00 TR I O 3 A7 MR R I 3 K R AR
B S S EAPS

W T LA SRS S RIZ 70 20 A A0 200 S5 )
FH M s MEBCE TR T RIZ2/RIZT B LA 1+ 1
F3:1, {EPEAHMEEY Y RIZ2 BT b T HE )
T IX B A MEP R RN T, R T DL S
RIZ2™, WAk, RIZIFEH U IXAFAE 361 bp e
FRTCHE, WOERE T B RIZI#k BY, iR
A DATEAR N 5 B AL VE R A8 R . IR A
MESE ARG Y, B RIZIAEREE AR h 2255 R .
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T RIZ 1 5 Wk 380 2 3 [ A0 A e R e g 8 9 o k4%
TERRIS T LI E . O MEE R 2 IR s =
AU HMT 36 . @ AP MR R 53K DL &
P AL, 3 RIZ1 5 RIZ2 73 5% M 25 5 il i 25 44
DI Z5, SR 2L 0 3530 5 T 3 P ok R1Z2/RIZ 1
AT AL 5 e AR R

44 KRR

AKT/mTOR FI IGF-1 76 41 Jifd PN T Jif 18 4% [ 45 4%
A HA 2, AKT 2 H i & B BT & =2 1) 3t (A
4 56 g 43 7 0% i AKT/mTOR FUME 2 F 7l
4 3R 2 M T RIZ1 85 11K FRIZ2 7R A o2
IGF-1 FUME 2 I 3 ¢ 32 AR 5 /D4R AN b & 4
YER, BAF ANTEMEB KT TR S TRERAARE . 0 IfiL
PR R AT T AKT/mTOR 7638 i Ji 1
Frenarae 500, PRI 3 Foh o % A A ] 4 % vk 1)
T DIRE LT RERE A 225, T S B AO AR IR g 45
PR AR A ]

5 48

RIZ1 25 P8 45 B0 B A0 R 43— B 8 B 25 AS I8
WL, [AfffEELnE, £HE. O RIZEEERE
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