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Abstract: Osteoporosis is a common health problem worldwide that affects many older people. Casein kinase 2 interaction protein
1 (casein kinase 2 interaction protein 1, CKIP-1) is an important molecule discovered in recent years. It plays an important role in
many cell behaviors through its interaction with other molecules. CKIP-1 has been attributed a critical role in regulating bone
remodeling. It has close relationship with osteoporosis, and is a target for developing new drugs for the treatment of osteoporosis.

Therefore, in depth research on CKIP-1 will contribute to the prevention of osteoporosis and other bone diseases as well as

understanding the pathogenesis of these diseases. This article reviews the relationship between CKIP-1 and osteoporosis.
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BRE B 2 M E 46 A (casein kinase 2
interaction protein 1,CKIP-1) 2 T 4E %% & FLAY —Fb &7
BEATHF HRXARLERRAERBREIEPE
NEEEE,REERAEABERE T, A8
CKIP-1 5 & REMIEM X RHFTHR,

1 CKIP-1 &yt

CKIP-1 27EB R B R HI A 2(CK2) M 2
AWM, CRFETHAENABEMRF,CK2 £R
Ry EARERTE, EAEENEYETI6E,
S5QE%ER BE NS EEREBABATEAN
WiFZHEY %05, CK2 2— AN IURIK ser/thr F
H¥E, BAHMAETRE(B2) , MM EATER (o
Ma'), HEKRM,CK2 KR TR EAE INEE
MRERM, I CK2e' SRH AR EEMEER
Ko By , fEABENEXHEREES CK2 HEHE
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REERREN, KR T —MFRK CK2 MEERE
H:CKIP-1 f£ 5 CK2a MEAER, BRGES CK2a'
MWEAEM. FRAMNGED L% LI CKIP-1 74k
SR T AREBUE CK2 SRS 15 1, CK2 AN BBk
A8 CKIP-1 & H M BERR LK F, By LA#EW CKIP-1 BE
AR CKR MERBAERF, AR CK2 WEY, i
IR CKIP-1 —FpIEBE R B ERFEN T, B
iR CK2 H I 40 g 2 A & X CK2 DB 9 A
EER. 2K CKIP-1 ¢cDNA 4/i5F 409 S~ E &
B, TFEAN4KD, HEHRS FH NmEE—
/™ PH 4% #4 38 ( pleckstrin homology domain), ¥ 5
CKIP-1 i E M ZE MM X, B2 5 CKIP-1 §H
EESRMMHEER (NS CK2 WHEEEM) . 7T
PAFD Akt % A AR 4R R, 40 0 B om ah g g0
CKIP-1 # C RIm&5 W] LI T caspase-3 YIHI
FRBBH, &G HFE C-lun/AP-1 M FEFE
Ve AR BB AR ML T . CKIP-1 AT LASR 35 ATM
BIEEEA, N ERMEY KERFRASESE
(ataxia telangiectasia syndrome, ATS) %5 A 3 I§ 40 g
MRS % RS EME S THLH 5 CKIP-1 T 8
IFNvy f1 IL-2 55 %3A , 84 55 IFP35 #1 Nmi Y H
fEM By Lk 4 ML B F & L BT 5 CKIP-1 A PH 45
HEEABREMGES IR, &7 CKIP-1 i N ¥
PH BB ENES S C W PH MHES ZH
AP RAE FRZE I #8 CKIP-1 T 40 g & v B B 5E 1
2 R

CKIP-1 B—MEABEENAEER,ARE
BANFZ25E0R-EHRMEER . B0 RE-R
FRHEXEERANSEAESEER, RAEFEENE
Y2EThie. CKIP-1 it 5 H Mt 8 [ 5 ol s Bt 39 4
HEM,TRENM AR SARZZEBIHNESE
SHREIEEREA, CELE FEHBEGE AT

Hb o150 W40 A58 0 N T X HESh e HEAT R 482, 7

B FTENRNTFZARTITREEEREHNE
Ao BFFERY] CKIP-1 i@ 5T Smurfl A+ RMZ R-EH
MARERAFIR, REEENRRAEER.

2 CKIP-1 & HER

CER-BEOMALEAGANPERRERL
FEER, RAX—BEK 3 MR KA 2004 4
BT IURER ™ 12 & (ubiquitin, Ub) 2
76 MEEMARNEARTHERA, ERULB
RE—MERLKWEAREN, 2250 ROMER,
MK EREN BEREANS XSS, DNA K

BEESHMEAY IR, AEEAIETE 3
NRTRX—B, EMNEZEFELE(E) ZXS
AM(E2)MZEEEM(E3), E3 ATLMEH#AE
EXEBLEHZBEINRYLE, Smufl BF E3 E K&
BMEE. CER LT ESRHNEQR, 2 i
PRENEAEEABAERPERER. B3 ZEER
BEEATRERERINEEAREY. Soufl FE
#if 5 Smadl 5 EF, 5] & Smad EH K 5B
HEEAMEARMZZALMER . Smufl &%
1 /4~ HECT &5+ 2 1~ WW G5y, 78 HECT %5
HENRERE -1 HERTHEREARRE, X
AMERGEZEZE AT ARER, - BB E
BERFHOEMERBERTANEARIHEAR)S,
Smurfl R 2EARZREAMBERFEEARN
W, WW SR Smurfl K95 — A EEH
i, AL FHEE 236 ) 311 fEERZE, §A KA
30MEER ETESEERTFH2ACEARM I
MEER,BEA5E SMEARK /DK (PPXY 55#)
HEGHEESN,

Smurfl 4 & BMP Z AR, BES A4 EH
( bone morphogenic protein, BMP) & —3K B £ 1)
BRI BRI AEKEF, BT TGF-p @R KA AL
R, WK BMP {5 5@ ¥ BMP BC{k .BMP % R
#Z & Smads 555 3 EH S A, Smurfl &4
5 BMP 1 ® Z (k)% %, &% ™ BMP/BMPR I s/
BMPR-11S = R{KKIIE R, #F 0 M & 4h 1 %] BMP {5
SEBH T, Smurfl [7] Smad6/7 7£ 40 M #% Y
e RARXFE KB E XTI AKE LT & BMP I
B2 KR . Murakami 27 % 3 (LA Smad6/7
o #& Smurfl F&f% BMP I B2 (kA8 1 R AT B, 18
AXMERNERBWEL RN E S YR %R
) o

Smurfl 4} 5% Smadl 1 Smad5 & [ 8 K&t . 3
AEWN B R R BS I ESE T Smurfl 7] PL 45 Smadl
HMEMRE . Zhao %' F K W BB 4 M Smurfl Xf
Smadl FEMEHIN FER , KRB/ BB 540
C2C12 40 ffd & *F, Smurfl A A3 8 K 8 # 1 A &
Smadl BJFEME,H H Smurfl 45 Smadl )& 2L
—MEOBEKEEN T NHTH, IRAH, —
H Smurfl BN & KA R, K3 Smadl #FE %
YEFK A AR S5 . Rl B 2 ) A 4 49 U 300 /T AR &K
B ¥ Smurfl % Smadl MFEMIEM. FE2A
5] /9 2 B A 9 i 70t T U3 SR MR M Smadl
EIEI7K P, Ying %7 @t 7E C2C12 MM AR it &
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WRE, HEFERRABRANETRESL, PEF
RFEX EECWREHNATHPRARLANTE, HA
FEAULEIR T LA FEm T SR N S 408 T
fi (Statl ,LRP5 ., Tob. Shn3 , Smurfl ) 7 1 % 3% &
ERMESEROBERARRE 0 GER BT H R H
JHL T V45 B TR BB I, DA TG A 3R 9T B TR I A X e
RN, BRFPFREYR CKIP-1 Fm T KK
BAEHEATIEE, CKIP-1 HER/DRNBEARH
HEBRYRAMEN R E, XM/DRX FiENRE
R AENLE MR T LERRENENMEH, F
& CKIP-1 A o] BB R BRAR I 25 W 30 45

4 CKIP-1 {5 2 #Y %E (2]

CKIP-1 REW T2 H5MFEBERR T FE?
BRI R PR, BN A A REE, X T &
BRI N B A AL B E, AR 4 CKIP-1 Xf & #%
RARHEWE EEREREREN? BAHRE
ANEEAR/PMRARL, CKIP-1 BBRK/NREAM B
BEARETS BHEEFMRELLNEE.

CKIP-1 BE S 5 3L E T 4 M i 247 CKIP-
1 gk 5K T DL 3% 55 AR 40 JHD ) 20 4K BB O, T A 4
HEL R Eh SRR T ob IR SR B 18] 78 5T 40 A3 Ak TR, /)
BRI R T4 MR A TR ee 0, T4k
BB A R LA R AR B . R4
CKIP-1 RRR a9/ UL (6] 38 o T 40 M 2 fL B B A
RtAR THmr WRE, MAHEW T HFEET
MR —E R LE R FRSMERE S ? M HHR
HE BT R B, CKIP-1 BEBR /DR S BH AR, &
RS2 LBANEER, RRTBEAZWEKEH
KaBg o4k s X RE B A4 HE Be 8 55 5 5% 3006 i 40
MESEEANBER,BETEWT FE KR
B m T UL R 24 , B AT B MO E

CKIP-1 78 8 R 5t & K /E X Smurfl )
KEBEEALZK? BRRBFRIR AR GEHERR CKIP-
1 ] LUE S A 4% Smurfl /938 B8R MR E 418, B
BB B0 RS 7E CKIP-1 Rk B9 &4 F Smurfl
RIS SL 28] T W5, B CKIP-1 BER/NEE &
ARMRBERME T Smudl FHRBEESHAER
A Smurfl 76K 8 240 F B R IE 5 7

5 &k

CKIP-1 BR—MEEMERNAERES, HREE
HEAWZ25BAR-EARMEEAEMN . &OR-ME
FAEERANSHESEE, B F S B ENBR

A B ERBRREEEMNEYETIEE, CKIP-
1ES SHMEORSIRRENWAEEIER, TRRESN
SHRESHAREZEMNESERPEIETEE
M, eld a5 T4 E AN s FoEda
ME AL AT X T RE AT IR i, A B B E B A TS
HTREZXEENER FEEHBEREIMH
X, B, CKIP-1 AMUEBRBRB . & RERM
XK, MHC BB RERIET RS

( 3 % x w |

[ 1] Lippuner K. The future of osteoporosis treatment—A research
update. Swiss Med Wkly,2012,142(14) .1-11.

(2] H®,%X0P), 2R+, % 2EERDERALERESR

SERTAR AR T WA PEHERARRE,
2002,8(1) :90-93.
Qin L, Zhang G, Liang BZ, et al. Consensus document on
prevention, diagnosis, and treatment of osteoporosis in the United
States National Health Center. Chinese Journal of Osteoporosis,
2002,8(1):90-93. (in Chinese)

[3] R4, EESE JNBE, % FRAQDRARFE RS REHR
SECWIRHER R RE. DR B BB, 2002,8(1):1-7.

Pu JH, Pang LP, Liu ZH, et al. Diagnostic criteria and incidence
of primary osteoporosis in China. Chinese Journal of Osteoporosis,
2002,8(1):1-7. (in Chinese)

{41 KimJH,Liu X,Wang JH, et al. Wnt signaling in bone formation
and its therapeutic potential for bone diseases. Ther Adv
Musculoskelet Dis,2013,5(1) ;13-31.

[ 5] LuKF,Yin XS,Weng T],et al. Targeting WW domains linker of
HECT-type ubiquitin ligase Smurfl for activation by CKIP-1. Nat
Cell Biol,2008,10(8) :994-1002.

[6] XiS,Tie Y,Lu K, et al. N-terminal PH domain and C-terminal
auto-inhibitory region of CKIP-1 coordinate to determine its
nucleus-plasma membrane shuttling. FEBS Lett,2010,584 (6) :
1223-1230.

[7] Wang Y,Nie J,Zhang L,et al. CKIP-1 couples Smurfl ubiquitin
ligase with Rpt6 subunit of proteasome to promote substrate
degradation. EMBO Rep,2012, 13(11).:1004-1011.

[ 8] Bosc DG, Graham KC, Saulnier RB, et al. Identification and
characterization of CKIP-1, a novel pleckstrin homology domain-
containing protein that interacts with protein kinase CK2. J Biol
Chem,2000,275 (19) :14295-14306.

[ 9] Tokuda E,Fujita N,Oh-hara T,et al. Casein kinase 2-interacting
protein-1, a novel Akt pleckstrin homology domain-interacting
protein , down-regulates PI3K/ Akt signaling and suppresses tumor
growth in vivoe. Cancer Res,2014,67(20) ;9666-9676.

[10] Zhang L,Xing G, Tie Y, et al. Role for the pleckstrin homology
domain-containing protein CKIP-1 in AP-1 regulation and
apoptosis. EMBO J,2015,24(4) ;766-778.

[11] Zhang L, Tie Y, Tian C, et al. CKIP-1 recruits nuclear ATM

partially to the plasma membrane through interaction with ATM.



BB BB R

2016 4E 8 A28 22 %5 8]  Chin J Osteoporos, August 2016, Vol 22, No.8

1057

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

Cell Signal ,2006,18(9) :1386-1395.

Zhang L,Tang Y, Tie Y,et al. The PH domain containing protein
CKIP-1 binds to IFP35 and Nmi and is involved in cytokine
signaling. Cell Signal,2007,19(5) : 932-494.

Xi S,Tie Y,Lu K, et al. N-terminal PH domain and C-terminal
auto-inhibitory region of CKIP-1 coordinate to determine its
nucleus-plasma membrane shuttling. FEBS Lett,2014,584(6) :
1223-1230.

Vogel G, Nobel P. Gold medal from cellular trash. Science ,2004 ,
306(5695) . 400-401.

Sangadala S, Metpally RP, Reddy BV. Molecular interaction
between Smurfl WW 2 domain and PPXY motifs of Smadl.
Smad5 ,and Smad6-modeling and analysis. J Biomol Struct Dyn,
2007,25(1) ;11-23.

Zhu H, Kavsak P, Abdollah S, et al. A SMAD ubiquitin ligase
targets the BM P pathway and affects embryonic pattern
formation. Nature, 1999 ,400( 6745 ) :687-693.

Chan MC, Nguyen PH, Davis BN, et al. A novel regulatory
mechanism of the bone morphoge-netic protein ( BMP ) signaling
pathway involving the carboxyl-terminal tail domain of BMP type
1 receptor. Mol Cell Biol,2007,27(16) :5776-5789.

Murakami G, Watabe T, Takaoka K, et al. Cooperative inhibition
of bone morphogenetic protein signaling by smurfl and inhibitory
smads. Mol Biol Cell,2003,14(7) :2809-2817.

Ying SX, Hussain ZJ, Zhang YE. Smurfl facilitates myogenic

differentiation and antagonizes the bone morphogenetic protein-2-

[20]

(21]

(22]

(23]

[24]

[25]

[26]

induced osteoblast conversion by targeting Smad5 for degra-
dation. J Biol Chem,2003,278(40) :39029-39036.
Ducy P,Zhang R, Geoffroy V, et al. Osf2/Cbfal: a transcriptional
activator of osteoblast differentiation. Cell, 1997, 89 (5);747-
754.
Lu K, Yin X, Weng T, et al. Targeting WW domains linker of
HECT-type ubiquitin ligase Smurfl for activation by CKIP-1. Nat
Cell Biol,2008,10(8) :994-1002.
Wang Y,Nie J, Wang Y, et al. CKIP-1 couples Smurfl ubiquitin
ligase with Rpt6 subunit of proteasome to promote substrate
degradation , EMBO Rep,2012,13(11); 1004-1011.
Dougall WC, Glaccum M, Charrier K, et al. RANK is essential for
osteoclast and lymph node development. Genes Dev, 1999, 13
(18) :2412-2424.,
Lu K. Targeting WW domains linker of HECT-type ubiquitinligase
Smurfl for activation by CKIP-1. Nature cell biology,2008(10) ;
994-1002.
Shi Y,Feng Y,Kang J, et al. Critical regulation of CD4 + T cell
survival and autoimmunity by beta-arrestin 1. Nat Immunol ,2007 ,
8(8):817-824.
Lamhamedi-Cherradi SE, Zheng SJ, Maguschak KA, et al.
Defective thymocyte apoptosis and accelerated autoimmune
diseases in TRAIL-/- mice. Nat Immunol, 2013,4 (3);255-
260.

(e B ¥ 2015-11-27)

(_E#% 1015 31)

[5]

(6]

[7]

(8]

RER BED BEE, %2 MOBTREMSLEFEAR
BMERE MR, h P EAE, 2013 ,48(5) :450452.
He ML, Long CL,Guo ZH, et al. Group psychological intervention
on anxiety and depression empty nest elderly. Chinese Journal of
Nursing,2013,48(5) :450-452. (in Chinese)

EEL. BREAENBREARESEREDEAEE TR W
T . & E MK ,2005,9(43) :132-133.

Li XZ. Health education intervention on osteoporosis health
knowledge and lifestyle. Chinese Clinical,2005,9(43) ;132-133.
(in Chinese)

REBRKE ZRE, S HREFEAZHFRASIHER
MARBEEENY W WALBE KEEH, 2013,13(5);
10-11.

Song Q,Chen CX,Li SX, et al. Income and expenditures for the
impact of the elderly self-health management in community. Hebei
United University,2013,13(5) :10-11. (in Chinese)

XXM, ER,EE,F AEYKENHNEEANLR BB

[9]

[10]

[11]

NBRRKEREE. b EHPEEE,2014, 14(4) 1372375,
Liu WH, Wang L, Chang H, et al. Self-care status quo and its
influencing factors of the older apartment type pension agency.
Chinese Nursing Management, 2014, 14 (4): 372-375. (in
Chinese)

Carleton RN, Abrams MP, Asmundson Gordon JG, et al. Blood
gene expression profiles suggest altered immune function
associated with symptoms of generalized anxiety disorder. Brain
Behavior and Immunity,2015,43;184-191.

Lilly S, Copeland WE, Adrian A, et al. Sleep problems predict
and are predicted by generalized anxiety/depression and
oppositional defiant disorder. Journal of the American Academy of
Child & Adolescent Psychiatry,2014,53(5) ;550-558.

Anna W. Potential role of the 5-HT 6 receptor in depression and
anxiety: an overview of preclinical data. Pharmacological

Reports,2010,62(4) :564-577.
(We#% B 3H: 2015-12-25)



