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A Novel Adaptor Protein, STAP-2 Functions as a Signal Modulator in Immune System
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Signal-transducing adaptor protein-2 (STAP-2) was recently identified as a novel adaptor protein and is a family of
STAP adaptor protein and has a variety of functions in cellular signal transductions. Especially STAP-2 has a crucial
role in immune systems by controlling cytokine signal transduction. STAP-2 functionally interacts with STAT3 through
its YXXQ motif and enhances STAT3 transcriptional activation. In contrast, STAP-2 interacts with STATS through its
PH and SH2-like domains and decreases STATS activity. Importantly, STAP-2 also binds to MyD88 and IKK-«/f and
regulates LPS/TLR4 signaling. Moreover, STAP-2 interacts with Epstein-Barr virus-derived LMP1 and modulates
LMP1-mediated NF-kB signaling. More importantly, experiments using STAP-2 deficient mice showed that STAP-2
modulated several T-cell functions. T-cells from STAP-2 deficient mice showed enhanced integrin-mediated cell adhe-
sion to fibronectin. Furthermore STAP-2-deficient T-cells show reduced chemotaxis toward SDF-1a. These accumulated
evidences indicate that novel adaptor protein STAP-2 plays an important modulator role in both of innate and adaptive
immune systems.
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Fr—ticknFos U CBRILENMOSTO
SH2 RAA EMABTS. £z, SH3 RAA 2IE
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2. 75 7T%—45F STAP-1 & STAP-2

2003 4 2 Signal-transducing adaptor protein-2
(STAP-2) 13, EERktwo-hybrid B2k DL ET 4 —
BMF oL >FF—YTHB Colony-stimulating fac-
tor-1 (CSF-1) Lt 7% —/c-fms flifAN K A1 > %&
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770

Vol. 130 (2010)

1 295

Y22 Y250 Y310 Y322
1 v v vy 403

XxQ

Fig. 1. Structural Comparison of STAP Family Proteins

The domain structures of human STAP-1/BRDGI1 and STAP-2/BKS
are schematically shown. Four predicted tyrosine residues of STAP-2 are
also shown. PH, Pleckstrin homology; SH2, Src homology 2; Pro-rich, Pro-
line rich region.

w7 A STAP-2 13 411 7 2 /%, & b STAP-2/BKS
TIE403 7 VL ORI N TR D, N Kl
M5 PH R AL >, SH2-like K A >, CRimMl
27’0 JIZEE R AA > (Prorich) Z2HL, &
2 CRHHNZ STAT3 #EGE L EEA SN T NS
YXXQ EF—7ZEHALTWS (Fig. 1). £/, c-
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activator of transcription (STAT) (STATI, 2, 3, 4,
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ERYIDICFE S N7z Jak-STAT Ri, 10 Jak KN
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DHIHIT B EEHSMIT L, 512, STAP-2
J w277k (KO) ¥ Z Mg IL-2 k71
IR ¥EES IR I D 2 E SN E L [Fig. 2(A)],
STAP-2 I STATS /v L7z A N AL 2D T F
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PA b & 0 STAP-2 1% Jak/STAT > 7 F VG EHRE
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4. Toll-like receptor > %7 JL(C &5 (T % STAP-2
DHRE
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BEHAET S &, BAMICHARERECHAIL TN
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Fig. 2. STAP-2 Regulates Jak/STAT Signaling Pathways

A. Wild-type (WT) and STAP-2-deficient (KO) thymocytes (5X105)
were cultured in a 96-well plate for 48 h in the presence of anti-CD3 (5 ug/
ml) and anti-CD28 (1 ug/ml) antibodies together with increasing amount of
IL-2. The cells were then pulse-labeled with 1 uCi of [3H]thymidine for
another 8 h. The results are presented from three independent experiments
and error bars represent the standard deviations. B. Schematic showing the
proposed function of STAP-2 in the Jak/STAT signaling pathways. STAP-2
interacts with STAT3 through the YXXQ motif in the C-terminal region and
positively regulates STAT3 transcriptional activation. STAP-2 interacts with
STATS through its PH and SH2-like domain and negatively regulates
STATS5-mediated signaling.

1R-associated kinase 1 (IRAK1), TNF receptor-as-
sociated factor 6 (TRAF6) &lEfEa L7z &8
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Fig. 3. STAP-2 Enhances LPS/TLR4 Signaling Pathway

A. WT and STAP-2 KO mice (n=35) were injected intraperitoneally
with 1.0 mg of Lipopolysaccharide or control PBS. Sera from tail vein were
taken after 30 min and serum concentrations of TNF-a were determined with
ELISA. Data are shown as mean with S.D. B. Role of STAP-2 in LPS/TLR4
signaling. STAP-2 interacts with MyD88 and IKK-«/f, leading to the enhan-
cement of NF-xB activity and production of inflammatory cytokines. STAP-
2 may constitute an alternative pathway from LPS/TLR4 to NF-xB activa-
tion instead of the TRAF6-IRAK]1 pathway.

I 9T IKK Z2IEMAL S B 2 8 - 7 JURE IR D I E )
SN ETR o720 2Lk D, STAP2i3~x /07
77— @ LPS/TLR4 7 F)ILIZBWNWT, IKK Dif
PEALFREIC LK DY A MAA D EEZRES T HEE
IS FTCThcIENREENS [Fig. 3(B)].
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M5 [Fig. 2(A)], T MNEIE M ISR O f@ i 217
o7z, T MR RAEFALITEET 205, T

MR REZ O — U > 7 LR S RIE R T~ Bl
9%, ZOTHEO—-Y > ZITEMEs~ sy
JAEDOHAEERMNKETH 5.2 STAP-2KO <
D ZAMEEN S 2T T4 TR LT v a rhukE W
Ml EERAMEAE —XICX 0oL THRT
X, MiEAT N w I XA THB T T7ORTF >
(FN) NO#ZBRNFART T X T Ml & gL
WL/~ [Fig.4(A)]. FNL 7% —ThH31 >
T 2 B OFBEICIE, BAR KO STAP-2 KO
THifEIZBWTEN W ENTO—F A A
J—IZXDHRTETWS, BEBRENZ &IZ, FN
FEENITHBIT 2 IR EZE D STAP-2
KO THIFETOTLENRD 5N/, £/, STAP-2
KO T #ifa T, Mz ICEE/RFJ — 1t Focal
adhesion kinase (Fak) % > /)\Z7 B &NEEFIZHEN
LTWa ZENERINZ. THUIY >IN T B iR
W54 521 FF > N —+ Casitas B-lineage
lymphoma (Cbl) % STAP-2 7% Fak icV 7 )L — b
95T ETFak ¥ NV EFEBHBEZWHDPEIED D
CICERL, ZOMRTMEEEROFAHITDR
MBZENHSMMNETRS 2.2 I 5T STAP2 HY
MCblICEL > THEEZTAHZEBHASNITES
TWw5 2

STAP-2 12X % T HifiE By §E O Hil I 8w D
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5315, Stromal cell-derived factor-1 (SDF-1e;
CXCL12) % CCL19 EWo =27 EH A1 > ORlIIC
£ Tl £ERED STAP-2 KO [T X D g L
7z [Fig. 4(B)]. SDF-la L ¥ 7% —T& % CXCR4,
CCLI9 DLt 74 —Tdb% CCRT ODREHEE, %
nEN7oO—41 ~A MY =13 RT-PCR JEIZ X
OfEMT L, AR STAP-2 KO T fllfldic BT
NN EDNHEND 5N TS, £/, STAP-2
DFIFIT XD % %R T < Guanine-nucleotide ex-
changing factor (GEF) @ 1 D Vavl @ SDF-1a #l
Wik 3 UE{k &, small GTPase T& % Ras-
related C3 botulinum toxin substrate 1 (Racl) <
cell division cycle 42 (Cdc42) DIEMALTIHES
5 ENEEEIN, STAP2I 7 ®hA 237 F))
N T Vavl/Racl 7 F)IL#EICHIET S Z &n
RSNz W

PLEXD STAP2 13 TR DR - i &>
TEEREZFEIT AT TH O [Fig. 4(0O)], EE
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Fig. 4. STAP-2 Modulates T-cell Functions
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| Chemotaxis |

A. Isolated T-cells (2X109) from WT or STAP-2 KO mice were analyzed for adhesion to fibronectin after stimulation with PMA (10 ng/ml) for 20 min. Adhe-
sion assays were carried out for 30 min at 37°C, and the attached cells were stained with WST and quantitated by reading the absorbance at 450 nm. Results are
representative of three independent experiments, with standard deviations. B. The migration of T cells (5X105) from WT or STAP-2 KO mice in response to SDF-
la (50 ng/ml) was studied in a Transwell assay. Results are representative of three independent experiments, with standard deviations. C. STAP-2 is a crucial
modulator of T-cell motility. T-cells from STAP-2 deficient mice show enhancement of integrin-mediated cell adhesion to fibronectin. STAP-2 interacts with both
FAK and Cbl in T-cells and plays a role in regulation of proteasome-mediated degradation of FAK by recruiting Cbl. STAP-2 also interacts with Vavl in the down-
stream of SDF-1o-mediated signaling. STAP-2 regulates SDF-1a-induced Vavl/Racl activation, controlling chemotaxis toward SDF-1« in T-cells.

FaPE R D HFHR & S T Ml O & P il 181 B 1)
EETHIENHSNER>TNS,
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AR, 7 hRE—MEEE WS 27 LIILF Kk
WCRAE L R EBREEF IO —®E/ZE > T
. 7UIF=ONE, ERNTOREIREICED
FEAEI N IgE 78, < A M-S A AL Bk A i
FH L TWD Fee L7 % —1 (FeeRD) IZHES
5 ETHEBEIND. 2 Z O FeeRl 27 FI)VGER
I B W T, STAP-2 Z Phospholipase Cy (PLCy)

OFOT U CEBEEMGIT S, 51, Tv MMF
AL ER AN A bk RBL-2H3 i2B W T, STAP-2 O
12 & 0 IgE/FeeRI {EMEALIC K 2 BEERI D, BV
TLABERESHIHR SN D I EMNRSI N, STAP-2
37 LIVF—RIbE MGl 28E2E 95 2 AR
BIN5.20 Z0MicH, STAP2X, ¥/ 07
7 =Y OEMLICEE R /07 y—y a0 = —l
BT M-CSF) o 7 F)EHHL~ra7 7 —
PRI DR - BEIRE R MG T 5 Z &, 27 Ep-
stein-Barr (EB) - )V AEWTdH % Latent Mem-
brane Protein 1 (LMP1) 2K % NF-«B D& 2
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Table 1. STAP-2-interacting Proteins
Interacting molecule Domain or region References
BRK n.d. 5, 30
c-Fms PH, (SH2-like) 4,27, 28
STATS3 YXXQ motif 4, 16, 23
STATS5a, 5b PH, SH2-like 16
PLCyl1, 2 SH2-like, C-terminal | 26
MyDS88 SH2-like 20
IKKe, S SH2-like 20
FAK SH2-like 22
Cbl PH, SH2-like 22,23
LMP1 PH, SH2-like 29
TRAFI n.d. 29
TRAF3 PH, SH2-like 29
Vavl SH2-like, C-terminal | 24
Racl n.d. 24

n.d., Not determined.

W5 ERENHEHSMNEILS TS (Table 1),

1. &HYIC

STAP-2 |3, BEGREIIHT D EEREEINEH
HRFTHZYA NI > DT FIVURERE D
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IND. 41% STAP-2 OEEREFR IO L 0 FEM 72 X
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RO < OMTEMEI 2 ZHGIEE £ L2 EEERZR
RFPELIWAED CIZ LB E - B, SHNESEL
B L £7. RBICAEDORITIC S /2 D #&4h
2L OTHiEE D £ UME  IEBIRZERD, b
W R AP T AL AR ED A >N —IT 2
OHZEED TESHLHBEL BT £T

1))
2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

REFERENCES

Csiszar A., Bioessays, 28, 465-479 (2006) .
Koretzky G. A., Myung P. S., Nat. Rev. Im-
munol., 1, 95-107 (2001).

Jordan M. S., Singer A. L., Koretzky G. A.,
Nat. Immunol., 4, 110-116 (2003).
Minoguchi M., Minoguchi S., Aki D., Joo A.,
Yamamoto T., Yumioka T., Matsuda T.,
Yoshimura A., J. Biol. Chem., 278, 11182—
11189 (2003).

Mitchell P. J., Sara E. A., Crompton M. R.,
Oncogene, 19, 4273-4282 (2000) .

Masuhara M., Nagao K., Nishikawa M.,
Biochem. Biophys. Res. Commun., 268, 697—
703 (2000) .

Ohya K., Kajigaya S., Kitanaka A., Yoshida
K., Miyazato A., Yamashita Y., Yamanaka
T., Ikeda U., Shimada K., Ozawa K., Mano
H., Proc. Natl. Acad. Sci. USA, 96, 11976—
11981 (1999).

Darnell J. E. Jr., Science, 277, 1630-1635
(1997) .

Stark G. R., Kerr I. M., Williams B. R., Sil-
verman R. H., Schreiber R. D., Annu. Rev.
Biochem., 67, 227-264 (1998) .

Darnell J. E. Jr., Kerr I. M., Stark G. R.,
Science, 264, 1415-1421 (1994) .

Shuai K., Liu B., Nat. Rev. Immunol., 3, 900—
911 (2003).

Yu H., Kortylewski M., Pardoll D., Nat. Rev.
Immunol., 7, 41-51 (2007).

Levy D. E., Lee C. K., J. Clin. Invest., 109,
1143-1148 (2002).

Bowman T., Garcia R., Turkson J., Jove R.,
Oncogene, 19, 2474-2488 (2000) .

Grimley P. M., Dong F., Rui H., Cytokine
Growth Factor Rev., 10, 131-157 (1999) .
Sekine Y., Tsuji S., Ikeda O., Kakisaka M.,
Sugiyama K., Yoshimura A., Matsuda T.,
Biochem. Biophys. Res. Commun., 356, 517-
522 (2007).

Sekine Y., Yamamoto T., Yumioka T., Sugi-
yama K., Tsuji S., Oritani K., Shimoda K.,
Minoguchi M., Yoshimura A., Matsuda T., J.
Biol. Chem., 280, 8188-8196 (2005).

Kaisho T., Akira S., J. Allergy Clin. Im-
munol., 117, 979-987 (2006) .



No.

775

19)

20)

21)

22)

23)

24)

Akira S., Takeda K., Nat. Rev. Immunol., 4,
499-511 (2004) .

Sekine Y., Yumioka T., Yamamoto T.,
Muromoto R., Imoto S., Sugiyma K., Oritani
K., Shimoda K., Minoguchi M., Akira S.,
Yoshimura A., Matsuda T., J. Immunol., 176,
380389 (2006) .

Ley K., Laudanna C., Cybulsky M. 1., Nour-
shargh S., Nat. Rev. Immunol., 7, 678-689
(2007) .

Sekine Y., Tsuji S., Ikeda O., Sugiyma K.,
Oritani K., Shimoda K., Muromoto R., Oh-
bayashi N., Yoshimura A., Matsuda T., J.
Immunol., 179, 2397-2407 (2007).

Sekine Y., Yamamoto C., Ikeda O., Muromo-
to R., Nanbo A., Oritani K., Yoshimura A.,
Matsuda T., Biochem. Biophys. Res. Com-
mun., 384, 187-192 (2009) .

Sekine Y., Ikeda O., Tsuji S., Yamamoto C.,
Muromoto R., Nanbo A., Oritani K.,
Yoshimura A., Matsuda T., J. Immunol., 183,
79667974 (2009) .

25)

26)

27)

28)

29)

30)

Kraft S., Kinet, J. P., Nat. Rev. Immunol., 7,
365-378 (2007).

Yamamoto T., Yumioka T., Sekine Y., Sato
N., Minoguchi M., Yoshimura A., Matsuda
T., Biochem. Biophys. Res. Commun., 306,
767-773 (2003).

Ikeda O., Sekine Y., Kakisaka M., Tsuji S.,
Muromoto R., Ohbayashi N., Oritani K.,
Yoshimura A., Matsuda T., Biochem.
Biophys. Res. Commun., 358, 931-937
(2007) .

Ikeda O., Sekine Y., Muromoto R., Oh-
bayashi N., Yoshimura A., Matsuda T., Biol.
Pharm. Bull., 31, 1790-1793 (2008) .

Ikeda O., Sekine Y., Yasui T., Oritani K., Su-
giyma K., Muromoto R., Ohbayashi N.,
Yoshimura A., Matsuda T., Mol. Cell. Biol.,
28, 5027-5042 (2008).

Ikeda O., Miyasaka Y., Sekine Y., Mizushima
A., Muromoto R., Nanbo A., Yoshimura A.,
Matsuda T., Biochem. Biophys. Res. Com-
mun., 384, 71-75 (2009) .



