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Ska2/FAM33A: A Novel Gene Implicated in Cell Cycle and Tumorigenesis
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("Department of Biochemistry and Molecular Biology, ChongQing Medical University, Chongqing 400016, China;
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Abstract Ska2 (spindle and KT associated 2), also known as FAM33A (family with sequence similarity 33,
member A), is a recently identified gene involved in cell cycle regulation and tumorigenesis. It has been demonstrated
that Ska2, along with its coworkers Skal and Ska3, constitutes the Ska complex which plays a critical role in the
maintenance of the metaphase plate and/or spindle checkpoint silencing during mitosis. RNAi-mediated Ska2
depletion results into a prolonged checkpoint-dependent delay in a metaphase-like state. Ska2 is over-expressed both
in cancer cell lines and clinical samples including small cell lung cancer and breast cancer. Ska2 regulates both cell
proliferation and tumorigenesis at least by interacting with glucocorticoid receptor. Ska2 overexpression increases
GC transactivation whereas its knockdown decreases transactivation and prevents dexamethasone inhibition of
proliferation. Several classical transcription factors including NF-«kB and CREB regulate the expression of Ska2
mRNA by directly binding to its promoter. Intriguingly, pre-miRNA-301 is located at the first intron of Ska2 gene, and
the mature miRNA-301 can further regulate Ska2 transcription via targeting the NF-xB and EPK/CREB pathways,
thus forming positive feed-back loops. Taken together, this novel cell cycle related gene, Ska2, might serve as a novel
target for the diagnosis and treatment of cancers, and thus deserves further investigation.
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MR E—F2ZHEHS. 2HENSH, &
W2 AP B I &I R =AM . F T, 40
IR L PRI 28 N Ky 2 TR R R AR AR 22
Mo T 20 P PR R B e — AR A7 0 i S AT SR R T
R 1z, FT g R A K 1 40 1 90 AH e 2k
2 S AT 3 A N e A K DA R A
ST AR BE T 5 LA b F0 2B 5 R RE R, AR
BT JE 5 ips3t, E2FR), Chk1FIRbVAS: 28 it i 5 [
ol Hil e A, Ska2(spindle and kinetochore associated
complex subunit 2), X #XFAM33A(family with sequence
similarity 33, member A), NI J& & T & ILHT— N5 40
I P ST R e i A e e 50 DIIAT 5% BRI A,
AILEEE ARG E o> AR, X H AT N 4hSka2 £k
(LI e Rk PR 2 S IF T UM DL T 270k

1 Ska2EE K HRIGEHBIE
1.1 Ska2By%k I
Ska2 /& &5 AR IR AH ¢ 52 5 W) (spindle and ki-
netochore associated complex, Ska)(1J 4™ 4L i £ 171 (2K
FRWVIL), % AU F5Skal . Ska2 fl1Ska3™. Hanisch
ORI S G A AT DG B 1IN, R I T Ska SR R I 56
AN RISkal, F I R REXU AT B AR5 ik
133 —ANBr () AE % 55 Skal 45 45 1) 2 11 EIFAM33A, Jf:
Y LT a4 b Ska2. EREILSS, SkaZ & 15 — ANk
i Ska3th JL T[R4 2 ANIFFE/ N R IR aE!
PLCIE, Skal. Ska2F1Ska3 = il id 4 ji Ska

HEW), 1047 2255 F b WA 7 e AR T8 8 e H P 5
7t 5k (kinetochore, KT) b, M B £ 5 22 3 24 11 5t
58 8T
1.2 Ska2E[F AW

A U5 Ska23E K] e A7 17922, 4 K45 493 bp
(NC_000017.10), 5 544> &k & 1 F134 N & (B D).
EmRNAZK - b, 3% 56 PR A7 5 A 3 6 0 BY 4% 14
(NM_182620.3FINM_001100595.1). K I L 5%
HA(NM_182620.3)%12 990 bp, X} I Ska2k: [ (¥ FT 54
ANHNE T, I 1324E (open reading frame, ORF)fZ 1+
277-642 bp; 1M1 L FEVE BT HEA(NM_001100595.1)
WUIAS B, 55 55 — 40 S 7 0 N (1 )7 51), ORFIX A7 1-357-
584 bp. ULAN, AR A 1) 42, 71 Ska23E K 1) 5 —
W T IX B 5 A PP miRNAZE K, BlmiR-301F1
miR-454171,
1.3 Ska2ZEH ML

M — 2% 5 1) F ok, Ska2 mRNAR 5 > ik £
B B2 A G B 11 FH Y. B 11 R A R TR T SR A T AN
[T K I 8 P BY 32 /A (NML_182620.3) % 5
(A N 2R 1 AR S A 121 IR R BRI, 7 T &
14 kDa; 1 %5 1) 3% £ P 35 82 R (NM_001100595.1)[A]
AL B 5 A B T (A R A, WG G ) (1 A B B
FL SR B, AN S A 75 N R IE IR SE, 7> i
8.2 kDao [AE =41 A0 N7 1 IR 2 2 32 BOAH Y.
ORFIX [FHERE 548, K, Ska2 (4t S b4 5 K 74
PR b, G 3 35 i 350 43 1A U 1R 7 1 A [R] (1)
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N A Y
N N
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Intron and exon are represented by straight line and rectangle, respectively.

El1 Ska2ZFH4H
Fig.1 The structure of Ska2 gene
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A: SkatZt 5 5 4R B T A SRR 35 2 75 SCIR[9112 0); B: SkalZ & 18 2 Ly Ik 7 B e 3 (AR 4 2 75 SR [12]18 80, KMNARAEKNL-1.

Mis 12 FINde8OZL % (1 &2 &4, MTACR A, KTA R Bk

B)

WT attachment Ska ¥

Stable end-on
KT-MT

attachments
No Ska complex
Near- S -
normal % %
KMN —
at KT No stable
end-on
KT-MT
attachments

A: overall structure of the monomeric Ska core complex (modified from reference [9]); B: model for the requirement of Ska for stable KT-MT

interactions (modified from reference [12]). KMN represents the complex composed by KNL-1, Mis12 and Ndc80. MT represents microtubule, KT

represents kinetochore.

E2 SkaE &S FHEMRERE

Fig.2 The structure and function of Ska complex

H i, 5T Ska2 Dy RE I 7T 1 LB A ) e 14

Ska2 7t 4l Jifu J& 19 vfr 3= 2238 1 55 Skal FSka3 4
4 B i Ska A A1 K A H, Jeyaprakash ¥ i
X6 4, Ska2 78 A 11 38 > Ska &2 45 4K (1) 4% 18] 45 /b E 47
TENT(E2A). S5 REW, eHEMSkaE &R R —A
WIE IR — A4, L5 AR (1) BE A 25 74 1ty Skal 1) 55 1-99
AR FE R (amino acid, aa)[X . Ska24> K J¥ 41| fliSka3
() 51-101 aalX 41 il. Ska2f)N-Jiii1-32 aalX JE i 2
Jie, jSkal(4-31 aa)HISka3(2-30 aa)— i€ /& & — 4
J #(short bundle), Ska2[1]46-93 aalX J B 1) 42 Jig
Skal(33-87 aa)f1Ska3(35-98 aa)ft ik — > K W (long
bundle), KAEZ90A. 35k, Ska2fJCARi102-113 aa
WY BT, 5IX MR RS — . KRR
Z A — AN &S, H9 0 th Ska2 [ 2238 P 41 (154>
aa). Skal[lJ2/~aaflISka3[1]5 ™ aalt . Ska27F i%
BERh R EGRBSCBRER, YR8 Skal &
AT IE A 25 AR B2 1) T BB

2 Ska254HAGJEH]

2 - HanischZ251 ) R Ge0F 5%, BLAE Ak Ska2 =
B A0 M RN AT 22 53 240k R A R 45 AR T AR
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I S5 PRI BN G P 22 R H

TEA 220y 24 R v, T ¥ F1 4R T B 97 A,

5 R A BT Y B Wb Ik B EL AR IR 0 B, I AT 2
Iy ZUR) 56 o I TR A% 00 2 A AT T 95 AR Tk
T WA ZTURG T T PR A AE G B AR 2 R ) Bl R E
TICED 0T SIPRL R P AR S B AU IR T 2253 3
WG O ARHEBLE TRE T B R IE BRI 225y 34 )5
ST oo K G €2 SRLAAC 1Y 3 2, T LA TR Y & A e T
K 5 (spindle assembly checkpoint), 12461 f 3= %2
W BT A SR 75 35 9k 5 B AR A A 5e 4 B A LA 1
Wk e (0 BRI 1 — 2D (R [R5 e 90 2

M6 bk i #2 h, Ska2%: 5 4 JliSkass & ¥,
Ska®Z AW HSKMNE S W% E A AL EFKNL-1,
Mis12FINde80 =™ & & WNAH H. I &, 1 47 HE A4 1k
E R I B LR SR B SR, AT AR
22 43 24 R 52 BE(K12)02 . HanischZE U TF 55 45
RARW, K HRNATH AR HISka2 18 5, K& 41 i
Bl i B SR AT A 22 43 24P, LR AN M A e B 2%
SEINAT 4253 %4, AR 20 B AT 2253 240 S E N5 19
T I () BE 2 A, 20 R B, H I Ska2
RIEJG, BRLLT 4R e T BRA, 5 B0 g e ik
MARTERR b6 257 [Fli, $iliiSka2 [ ik th 3 5 i
A W R AN BB S N DG . SR FIRNAGH il Skal 5%
Ska3 MK 5, [RIFEMLE BRI 40 e B . ik
Ui, Ska2 2 540 i () Ska s S () Th RE - 2 Y+
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UEAN TG I b 58 J AT 22 730 24 h WIF i N 2290 34
Je L,

AR IR 7, Zhang X5 gl (1) — T TR W], Ska
G UHERE D 2 11 5 L AEAT 2290 1 b IR 4
AT o AR5 B, AR/ SO BE A0 i ps K o) 2 FE
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W B, AR BAEAT 22 70 TR ISR 2 AL T30
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I35 WG EEAR (KRS E P T AT FEEAE I

3 Ska25hpiE

Ska2 55 i AR %85 UIAH 5%, B AN e 1 45 40
S SRS 56 AR 52 e 41 PR 14 5, 34 0l ok HAR AL 2
By LR 55 22 B bR 1K) AR R R R, PR,
Ska2 b HEZE IR (2 Wi« U 240 T FEE ) VA7 5 T
AT EAE IR R B FH AR 15190,
3.1 Ska27ERpE A HYIFRIX

Z WU 7T 45 Rk R W, Ska2E 2 Bl R G
LI /N 2 M I 9 R0 LR g v SR I AR A S U
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RISV 22 B, I H.Ska2 75 FL e I 4128
(1) TV 4 i e o7t 5 A S, B L 40 v 32 2
SE AT MOAZ, T AR 1E 30 2 2 )5 A T M
Shi &I J T, 76 Ik B 45 FH V£ (lymph node nega-
tive, LNN)FLIREFEA R, 644510 (1) 44451] & 7~ Ska2 i
ik, HSka2 mRNA s & IE 5 UG Dl RETUAH ¢
A8 T 05 it g G DR GES P B PR R AT 40 W e A R
L, ANFEHGEETY, AR o3 AR BE 1 il i 20 2 bR A
1 Ska2 (I mRNA & A7 i 2% AR, H.Ska2 mRNA
(1) e 2 35 55 fiies P s B AH DG (B A R 3K ) o
3.2 Ska27ZEMEBA L A RPRIER

KT Ska2 7t g A AR I 4 WL, H Rl
W, Ska2 AN T DLIE S 8 42 40 S S AS 56 5K
20 A0 MO 3G 5, 7 ELI m e 5 e 41 iy e B AR
L,

KHRNAFE AN HISka2 FIRIA 5, v I
HH I S50 A VU B i A0 4 i 4 B A T T Ska2
15 1 1 ] b 2 K FA (Dexamethasone, Dex). + %
fulid(Staurosporine) % il (phorbol ester) A i it 1)

2 A(tricho-statin A, TSA)IX & 11 55l JilJ87 41 Jfa 48 5
() 24 A BRI S 3070 ORI () AT, B 4 A
1R 24, SR T, X B Ska2 7 40 i 3 5 o 7%
Hh AR AR R AR

Rice5FEG Shy 2 48 11 M F 57 1 Ska2 7t 4 g 1
FE R RAE R, R BSka2 i)l ot 2 SR R I 2 A
(glucocorticoid receptor, GR)FH A5 5 1 >k i 15 4
MO B85 . B 7 I % (glucocorticoid, GC)IA fig 1 il
i geE A0 i A AT AR AR R AT 254 . e
21 Y fit g 40 A DR AS £ GROR B 1y 2 T HS XRF GC 1P T
Gk, Ska2ii it 5 GRA HAZAN T A AT M 15 GR
(1) Iy fie e GCI) 40 Ji S A 40 )4 F o 3 32 75 Ska2 1]
3 B Dex T 1 GRA% SR WO I 1 43 23k — 22 14 ol
1K FIRNAE AR Ska2 (13 1A )5, Dex 3G FIGR
et SPUCTTE VP 4 E 1 4) S 1 99 it
PREN

Ji4h, 5 0r AL A AH L, ARk 2k Ska2 fig
0 B ST IGF I 40 i 14 58 248, X i 3 7 Ska2 B T
Z: 5 GRAH AR Sl i, 10 v R 9 0 2= R AR Y
¥ 224K (insulin-like growth factor receptor, IGFR)AH =<
I %, T 5 A 0 T g PIBK/AK T/mTORFIMAPK/
ERK&5 20 45 5 10 4 56 W 40 o 51300 4 o 6 i 2 b
Jo R R AR Z M e A i R e b SR
O RIS 45 BT, K RNAHDHSka2 ) %
RJE, AIREC RS MR, T G S
e A DG IR R R R KT H BB ol AT

4 Ska2ZFBIFRILIFE
4.1 Ska2ERFHIFRIETL

WIHT AR, Ska2 mRNAZE PR 2 0055 i,
PR —SHUE N . RN N S
Ska2 ) HE PR ¢ 2 1 45, TNF-akb B 0] 5 #Ska2 4 ik
5 G4, Ska2 K IA T B ML FEOKAR | AR
Al J8 T R B VRT3 L 1 9 A 14 B 1 2 )
A R S5 5 IR A ) BRI, e g LR
FUHRIR, Ska2(f ik 2 B A% P, HILRIX N
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SKA2/FAM33A  miR-301

miR-301 RJ 3 i3 1 42 ¥ 1) I FNkef FIMEOX 2 111] 43 771 i T NF-xBHIERK/CREB. NF-xB ] H #% i 7 miR-301 F1Ska2 [ #5 5% ; CREB 1] B % I 7

Ska2 ()55 .

miR-301 regulate NF-kB and ERK/CREB by directly targeting Nkrf and MEOX2, respectively. NF-kB directly regulate transcription of miR-301 and

Ska2, CREB directly regulate transcription of Ska2.

B3 Ska2& FE KX FIEAI S FHLE

Fig.3 The mechanism of expression regulation of Ska2

AT B AR 6 N ) Ska2 3 [ ) 5 1 X 4 0k
1T TR I T fn 4, R 87 X 8 32 2
P T L AR T R T 25590 bplf X3k 81, F 5%
DR - 4 7m0 BT R At 3R B, Ska2 5 R i3 2 7 X 3k
EAT A GCE LA K Spl . E2FRIGATA-125 (E 1)
BESR IR 145 6 05, $7R Sp I FIE2F 2544 53¢ (K 1 Al fig
2 5 Ska2 JE [R (1) 5 S5, X Lo dE e R P 1A 46
L5 0 e S R AT R I A 2 AR DG, FRATTIE
— D IWE I 45 B A R W], E2F 1] figim i i 715 Ska2 1)
FEIR M 2 5 4 H J5 R0 g e AR e i RR (i R
). AR A BRI, 1R TA L R BRAT 5L 50 =
WEFTIR— AN i 88 AH BT 2L [FIPRR 11 (proline-rich pro-
tein 11, PRRI1)E17q221X 5% AH AR, 3275 & 1T R
T 0 ) S R AN PR A A A PR e R v s [ e
P I R AEAE S,

BEAh, WiFr ATk, Ska2 & K28 — W& FIX&F
P miRNAZE K, BimiR-301 F1miR-454 . 53T () P
o #0135 B2 7R miR-301 ] BETE A 5 Ska2 ¥ i s i 1%
Jy TR — 2 MER

CaoS5 PRI 7T 25 AR I, 0 i e 40 it R AS49
H, FHImiR-301 [ % 34 1l 3 BSka2 ) R I8 Nl 1F
— BT R B, miR-30 1 o 1 42 48 [ i % MEOX2
)2 15 117 5% I ERK/CREBIH %, CREB 7] B #5212
Ska2ff) ik . FWHImiR-3011k Ska2 ) & ik 5 350 41 iy
A 2253 2455 BOH I ARG O T8 BGRE ) B, i
7~nmiR-301F1Ska2 2 5 iRg e A2 1 Jg 1t A2

LufEMI AF 97 45 SR % W], miR-301/2 — > H
$2 SNF-kB#, 5% 1 48 1 B L (K], I NF-«BH0 ] K] -
(NF-xB-repressing factor, Nkrf) ¥ /£miR-301#] — 4~
B IR, X BT — AN 1E R A5, BImiR-
30 L ok B I NKefIf) 208 AT BENF-xB, S0
fINF-xB X i3t — 2 FiHmiR-301¢) 3%, 1 NF-«B(f]
WO A3 2 — D 4R Fra ot . E 3 IF SEX —
NF-kBIS0E I 1 S 15 (9] 7 B e 1) A O e
AR R AR . 19T ) s R B, TNF-a
75 R 11 A YR PENF-«BIE B RNAI/ T [NF-kB# ik
FihAE S BN P PEmIR-3012 54 1 17 B8 R ) )
I, [F) R £ B A Ska2 55 R 1A 1) BB R M, ax
i 4 7~ Ska2 4R ] gt 7 — > LB 2 NF-xB#L 5% i
5 1AL PR, miR-30 1047 v] g 1 Y #5NF-«Bifiy 1
H7Ska2 )Rk o

Ska2 FE PRI F 1k 42 (1 7 7Lt s 45 WL IEI3

5 ESRE

Zx LTk, Ska2 ik A1) Tl e U L2 7E 41 i J& 9]
W) Dl e T4 B A B A, LA iR AR Ok b i A
M K& H IR ARSI R TP HR. R0, K
-Ska2 A (1) Uy g Je He R AR N A VT 2 2
TR 5 (1)Ska2 IR 55 1) 85 A S M AR 1 T
Re A F5dE— B WE 5T, (2)Ska2 I 87 40 it v #3 H il
XoF R 4 BT A AR 28 1K 5 S LAy AL, (3) K
FEA S b Ska2 71 il AL Mgt S5 45 S 284 Jiegg o 17
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