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The Biological Function of Inositol Hexaphosphate Kinases (IP6Ks) and
It's Role in the Development of Diseases

Wang Yongrong, Liu Fei, Xu Yuanfu*

(State Key Laboratory of Experimental Hematology, Institute of Hematology & Blood Diseases Hospital,
Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China)

Abstract Both soluble and lipid states of inositol phosphates exist extensively in eukaryotic cells and play
important roles in cell development and biological processes. Among them, inositol hexaphosphate kinases (IP6Ks), the
key rate-limiting enzymes in the synthesis of inositol pyrophosphates, can biologically add a phosphate group in the first/
third/fifth site of inositol ring to synthesize inositol pyrophosphate, such as 5-pyrophosphate inositol pentaphosphate
(IP;, PP-IPs) and bis-diphosphoinositol tetrakisphosphate (IPs, [PP],-IP,). As to function, IP6Ks can pose effect on DNA
repairing, chromosome recombination, cell death, coagulation, hematopoietic regulation, immunoregulation, cancer
progression, etc. Therefore, more and more attention have been taken into the diverse roles of IP6Ks. Based on the
previous experimental studies, the functions of IP6Ks in cellular processes are reviewed in this paper.
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pentaphosphate, IP,. PP-IPs) %5, IP;Hi B RS -C/K
fit s AR e UL -4,5- — %R (phosphatidylinositol-4,5-
diphosphate, PIP)/ 4. —J7 [, ‘B2 —Fh 2 EH K
AHRREE A5, 0 —J7 1, FEAHM A & P IR LR i
BEAEH R, TP SR W AR B R UURE AN AR BRI LBE )
Iy FERil . 1K LU A N B IR UL i 4% HL AR AT B
GNP, — AT AAENLEERR oS hn— AN i e 5 A1,
UNIP3K (inositol-1,4,5-trisphosphate 3-kinase); % — 2
2 0] DLPE JJUREBR CAAAE M B R 5L A B P o — A
PR R [, T2 Rt 2 v e e PR B 1 R B IR LR, G 7S T
1% WL 3% B (inositol hexaphosphate kinases, IP6Ks).
W FARIE, 1P, /2 Wl AL A M b & B d | 1 — A
FRWERR VIS, tHIPOKsHEAL ™ 2E, IPOKs AT 1L 1P,
(R0 77 A R A A L P )5 8 SR 52 M % o 48 ot R A
YL TIRE o

TR TS B TR, IP6KsS 5 1 4 i it 4% &
Wiy 4HBRIE TS, AU IDRE IR KSR DL R — Lk
PRI R R RS R . T HL, TPOK s 471 4 A P %4
B RE WS SR KN A E BN
RIK, W2 0E B PRI A o 55 . (AT, IP6K s B2
FOIRTT LRI I 7> T R

1 IP6KsH R IE M EIhRE
1.1 TP6KsHYE AR4F1E

FEALENER/N R A 18 R I, TPOK st 2 3R I
AY: IP6K 1. IP6K2. IP6K3!. ‘& 1145 H14004 4 A4
R LR ALK, T HAE NI/ B IP6K 1 AITPOK 2
(1 & B 355 DR BB AL T 5] — 2% Y € R (1 AH [R) 47 &, 17
Ip6k3FE RN T AR I e k(R 1)
1.2 IP6KsHYThEE

IP6Ks 1 75 L EE 34-1,3,5-07 . 1 R 22 (4] |
Rf 5 M I — AN R B [, T RR S A R e R R 1)
FEREIRR LA™, IP6K s H LAIPCA IR W) A B IR A0

1P;, — L4 4 (1P, S n] EAZRTIP6K s 1A F T AT Ps o
IPsHHI(1,3,4,5,6)Psf IR A4 ™= A=, TPt AJ LAAFE HIP6KSs
() JEE AT T BB IR, T A 3K L g R L I A U T e
YIHERPIP, (K1) o

BT DL - IPOKSTE B g JUL B AR 3 A 1) 5% Bt 4
F, IP6KSTE M . 2H Z34R 3 1 i AL Ak 4 2% DA K%
KR BMARE TP EEERE. BHAR
I, Ip6kimi /N BRI B I A B IR B 3%
IKF UL RS T T B B o Ip 6k ] 2045 st B4 PR REE 7 /)
B ARG A A0 S U LT BRI R A RS TR, AR
AHELIEE K E . EIP6Ks=Fhi A 1, IP6K 1
FIPOK2E I LL i )2 o« v, TP6K 1 X} 41 it 38k 1%
e e B AR, 38 mT DL S A (5] 40 i 7, A
FEAM AN FER . ki K FE4ERE A1 . TP6K .
IPOK 2 v LA i3k 41 B 7 125 3 mT DU 3 40 iy 5 2
5 2 1T B AR A 5 2 o TR PR B, R PRE
& {2 28 v e 55 AR, 78 IR k2R I RO B B
FE AT Ao Ip6k3E: IR 3 B AE /N o il 5 440
(Purkinje cel) 1 RI&, I 22455 2 WY B L2
HASMMERED PR R ATMEER. A
FLA W, Ip6k 3w 5 /)N i i 15 5 240 Ff 22 T L0 240 P
BRGE R RN T A AR 7 0, AR O/ BRAEZ 32 ST f
WA 5 T A SRR

2 IP6KsEHRXKIESRSHRIER
2.1 IP6K17EDNAFNE Ak T 4R R 1E1H
IPOK 1 ZEDNAIE R iR HEAEH . 4DNA
SRR FREEIR . U PR R PUR TS
FG, 4 M 2 e A 2 B 2L N, I A YR & 218
52 R IDNAF B o Ip6kl ik [ 1) 20 B 7E 52 3 )
J&, RAEIBERIIRA AL S, HARE S 3 Rl b RIEE
DNA. (HJZIX L Ip6k I P IF 20 M ATh 2> 4k S0 B, B
5y R e AR AR

1 IPKsERRKERHEERK/NMAE
Table 1 The length of IP6Ks and their genes’ size and location

JULREE 7Sl R i iy HHE K (aa) FHE H: KK/ bp)
Inositol hexaphosphate kinases Protein length (aa) Location Size (bp)
IP6K1 (human) 441 3p21.3 62 246
IP6K2 (human) 426 3p21.31 29 284

IP6K3 (human) 410 6p21.31 25324

IP6K1 (mouse) 433 9F1 46 135
IP6K2 (mouse) 448 9F2 10 340

IP6K3 (mouse) 396 17A3.3 23 794
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b Ab, TPOK 1 LE By €0 5t & M ik A% vt jfd 5 2
YEF . TPOK 1] LAAIZH 25 1 6 22 IR Mt FH 2 i (Jumonyji
domain containing 2C, IMID2C)A BAE H, s4A8H &
F 25 M T AB A G (6 5. TP6K 1 /2 JMID2C b Al
“H ER A B9 #i & R (trimethyl-histone H3 lysine 9,
H3K9me3) = F AL (1) — AN P I 5 R+, TP6K1
TR AP A BIP,, TP, 1 FH T4 B 1 st 2 I it FH D il
(IMID2C), 15 H M e te it I fif 55, M BEWr 7 H3K9
Jid B, S EL B T H3K O H AL /KT T i e
IR BRAR

B 7 LA LR 7 3, IP6K 1A AT PL £ i Cullin-
RINGZ % % # (Cullin-RING ubiquitin ligase,
CRL)iZ % 1 #H ¢ & [ 2 >k VR #DNA# 43 12 &2
4 i FE T2 Cullin-RINGZ % & #2 M & — M IR &
WLHZ RE R, B CullinE 28450, 5E2Z &
g5 & W A B E A 9 3 48 & I (RING-finger protein)
Rocl/2. DNAREF VS 256 & A 3L 5 H 1 (the
adaptor protein damagespecific DNA binding protein
1, DDB1) A K 5k H IE B I DNAK = 1t 45 &
F(DDB2). %A 4555 HlEE, IP6K 15 COPYfE
S/ (signalosome) ) I FECSNAICullin-RINGZ
ZEFEEFA(Cullin-RING ubiquitin ligases 4, CRL4)JE %
B =8 a8, Hh1peK 14 T =8 &Mt
SEHCE ZAEH, [FI CSNWANHIIPOK 3G, 4
KAME ST, IPOK AR B T K -4 i, S8 5 HARE A

1(1,3,4)P,

A2 IR, Hfil K CRLANE 5 HERCSN Eor & . 1%
T E WS ECRLAZ 3 BB 7 M 0%, DDBI
FIDDB23V 3 5] S:CRLAH 245 A 552 5 AR 30475 1)
DNA, 2572 Z CDNAS AL 20 25 1, I )5 30
MR V)R8 & (nucleotide excision repair, NER)",

CRLARR T iz #=AAE A, 7] LA T 2 FEY)
R i, EOHE 40 i & 1 4% 25 B (CDT1. P21, P27)
DA K 4l f A= K B8 T AH 9% B FI(C-JUNL P53)%50,
M 4 AE T (E12).
2.2 IP6K1EITAKTIE SAIEAARIHAE

AKTR — M A& PHE M S 5 7R Y & [F
R G5 A6 30 ) 22 B R 9 R O 1 B, E
1 25 4 F|PtdIns(3,4,5)Ps | 1M 7 fik 1 JUL Fee A4k o 1 2
13 1 (phosphoinositide-dependent protein kinase 1,
PDK 1) BTG . 78 H 5 40 i, TPOK A FH 2B I,
1P, 5 48 ff JiE5 | () PtdIns(3,4,5)Ps 5% 4+ M 45 & AK TR
FIR, PHWTAKT R BREE AL, A AN BTG 1h, M 61
FEAKTA SR PR G0 B T RECY . TELp 6kl f 5 i+
PERLAH i, BEGAK T A3 2, AKT(S 5748 8,
S 850 PR B A B A ) R W B AR R AR 7D, T
H G IAKTH DL #Bad. Foxo(#1 % % 3% A -F)
SR TR A RIAE A, AT (R rh e ks 4 A g 1Y)
(El3).
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Fig.1 Phosphoinositides signal pathway regulated by enzymes
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Ip6k I FE R /N B AK TS S0, 8 3Lt i i &
UM KO H i, HL ifn  Hh 1 B R B W
RR 2, 38 H 2900 60%~70%, {5 & Ip6k ] 5 /1N
B 11 LA ¢ P 202 1 (1), 1) HoIp 6k IR B /N BRAS
2 DR Dy v I R v 0 ) B K 2R TS M i Ah, AKT
WAL Z 5 WA mMTORTS 5, {2 it 2 (1 5 (1 8 2 [

A, PR 5 A R e 3 B(glycogen synthase kinase
3B,GSK3B)HIAEH, {1555 )5 & BeAS BeE 4k, AT 417
1) 6] 267 W AR EDORIORE 5T B, DRl T 4 TP O K 1A
AT BEA VR TT NEFEARE FR 0 2R (B3)
2.3 TP6K1FTS M/ MR INEE

IPOK 1A T+ I A 1R S B I A FH, & mT DAAE IfiL
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Fig.2 IP6KI1 indirectly regulates nucleotide excision repair and cell death
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Fig.3 The effect of IP6K1 on intracellular AKT signaling
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AN AT AR BE IR LI, 451 40 TP, AT DA 3 I
/NS P BRL 5 X TR e I P 80 R R 1 X AT 4K, AN
TN REL . A BT TR, 72 M 6 5 TP ) 21
YE BB LA B STP, M B HUA AR AR, 1 B
B TP, ) I A58 R T DA A o) 21 llg S B0 1) 5 A &
BUE ARG R4 A A 4E s B I nIp, [E 34 m
Gt ML — FEHR AT DA SZ 41 4 5 IS R, A 1P A AE
I, M4 A HE O L /NCRT DA R 5EUS. AI TR
B, FEIp6k1 = R R ) /DN B P I/ A 22 SRR 7K~
Y Sk BRI, 40k T 3 5500 /) Al R 8 R I 4% g i (7] 2%
K, T2/ RN T ANE 2 R fa, ik /) R
AR Y S 1l S B 0
2.4 IP6K25 4RAATET

IP6K27E 41 JifL 4 1 17 5 38 i% o kS 5 22 45 J,
TPOK 23t 5 3225 £ f 40 F e 9 1 K Sy AR AR . T
BRIpOK2I 7N B 735 HA TV s 0 6 J Jed F 48 1) 44 DA %
el R FEL B R A SR B A AT TS o P IPOK 2B IR
WL BIP,, TP, R] LL&E & 2% & P2 (casein kinase
2, CK2)PA3& 5% TTT(Tel2, Ttil, Tti2, co-chaperone
family) 2 &I BERRALAR L, AR € L 5F R B
20 I ¥ 5K 98 A% 2] [ (ataxia-telangiectasia mutated,
ATM)FIDNAfK #i P4 5 1 ¥ B fE 1L 7 2 (DNA-
dependent protein kinase catalytic subunit, DNA-
PKes)o IX AR i & fie BEPS31E 22 % IR - 1507 1K)
BEER ALY, AR5, WL HIPS3IE I AN 77 R e ik
YR T (1) A BIPS3 0 4 i A 1T 3 B A 3R,

-

Ttl

J2 o7 —ED
N 2

WNoxa. Puma. Bax, Filid 2 KiiR MG 5 S8 AT
caspase-3WiE, & S EANR I T, (2)7E 1L IPS3
W] DLEOEp2 1 2 R R 3k, 3 S04 I & 9145 i EG
1, DNAK ] 52, AT A 52458 1) 40 A 78 70 ) I
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HMRAKIPS34E &, TWEUE R R E &Y, A5 —ik
G Bp2 IBE R B 1AL, Wlp2 e 5%, B354
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JUFARH S22 998 (AT 72 30 i o
3.1 IP6KIFIPOK2EE A X RPHIERA
IP6K 1 FTPOK 2 7E iR i A= (1) 5 HA Y B & AN mf
o B . TPOK 1 AIIPOK2iE it & RRIP, % 5 % [F 45
DA K 4 it 40038 40 i —— HF BB B 1 (liver kinase B,
LKB1)?, MLKB1EA b MR e, 1E%
BUR, LKB 1A 4% 40 o410 i LA S 40 g4 i o0 JE it 2.
V%) 66 P 1 () P 7. TTIP6K 1. TP6K24 JKIP,, fHiLkb1
BRI, SRR A, SR iE . 282
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Fig.4 Signal pathway of IP6K2 promoting apoptosis
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Ji v B8 B, e 2 Bl R 4 B AR KT #E P, B
LA, XS T IPOK URITPOK 2 f4 4 1l 775 Jeg S v 97 i A
—EME L.
3.2 EFEMHIFIIP6KsEL 8] 78 R T 2R AR FZ B XS
B AT A

B FRIE, mlRIpokl 45 /) B A i 18] 78 5+
2 iy (mesenchymal stem cells, MSCs)4= i3 %, 1 H.
HAAF R i, — @RS, Ipoklimkr
/I B R M Cs 3% B HH BE 56 1K) RS R I S 4
(RO, T G 107 A RE TS o R TE /N BRAKR Y,
T 25 A0 IP6K 1 AT LA 4 v IR K B S 3 B &
/0 A E R IR ALY,

I b, 78 2 O JULRE 28, F8 R IPOK s 11 1] 14
[{IMSCs ] BAAR 0 iE. MSCs T LA 43 Wb V5 2 A= )
WP T, 5140 VEGF (vascular endothelial growth
factor). bFGF(basic fibroblast growth factor).
HGF(hepatocyte growth factor). IGF-1(insulin-like
growth factor-1)4%, W] LA 3587 1L 2 A, #7618 &
O ARAET-T, HHITPOK s T LLIR /AN IP, 7= A, i3
T TF) 42 72 32 1) 76 J52 - 40 B (MS Cs) Y AK TR AL
AKTHGE AT A2 08 T2 8 B 3R 1A, WBax5, ik
A DM BE P T2 8 A 3R IE, WBel-275; fi A2 ik 8]
IR TAMAAT S BT LA, %O LBE ZE 955 N (190 IE RS
T 1 TPOK sidu 51 #01 i] FA) - i 1) 78 o 4 e S, T BA
X0 RS B — 5 (R ORI AE ), e 2480 UURE ZE 0 A
YERFE IR IO D RERT
3.3 IP6Ks7E12 14 PE 4 s A91ER

K 55 (cigarette smoke, CS)FEH AN JE & T
23 PEARE 22 R A i (TP 7K P, R EAK TANRE
TE 5 O, dET AL I8 s R A B AR T T HL, IX gk
o PR A L R AR R D AR TR AE 7T B ZNADPHA
1L A F IROS(reactive oxygen species)j™” 4= #f 2=
R, B 2T EU™ HE 118 1 PH ZEPEREY . IP6K s
1P, 45 BT B, TPOK s VS PR E 1 IP )™ &, T
PATP6K s ] RE A& CSHIJE i T HI i IP,2F 77 (1 4 F L ik
1, IR 18 1 B 28 4 it B2 AL 8T R V6 7 S s AN 7
TEIRITHE M.

4 £5iE

WERR LR E VR 40 AR . HUA IR R &
EHEEEEH. IPOKs] 12 T M4, J1E
FEREIR LI A il R bl 5 OB . TP6Ks S %6

AE BEPRIE S NEREAE LK R AL IERS IR AN
ARG 2 A G 5 A AR OG M, FL E A B
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