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Effect of Inositol-phosphatase on Fc Receptor-mediated
Phagocytosis of Macrophages

Jong Hyun Kim

Depariment of Obstetrics and Gynecology, Chonbuk National University Medical School, Jeonju, Korea

ABSTRACT

Background: Fc receptor-mediated phagocytosis is a comﬁlex process involving the

activation of kinases and phosphatases. FcgammaRIIB has

een known to transduces

inhibitory signals through an immunoreceptor tyrosine-based inhibitory motif (ITIM) in
cytoplasmic domains. In this study, we examined the involvement o?]inositol-phospha-
tase 1n the Fc receptor-mediated phagocytosis. Methods: J774 cells were infected using
vaccinia viral vector containing SH2 domain-containing inositol-phosphatase (SHIP) cDNA
and stimulated with the sensitized sheep red blood cells. Results: Stimulation of J774
cells induced the tyrosine phosphorylation of SHIP which was maximal at 5 minutes.

Phosphatidylinositol-3 (PI-3) kinase inhibitor (wortmannin) inhibits J774 cell
cytosts of sensitized sheep red blood cells in a dose-dependent manner. Hetero

Fhago-

oglous

expression of SHIP in J774 cells inhibits phagocytosis of sensitized sheep red blood

ceﬁ)s in a dose-dependen

manner, but cat
on phagocytosis. Conclusion: These resu

lytically dead mutants of SHIP has no effect
ts strongly suggest that the active signals

mediated by PI-3 kinase are opposed by inhibitory signals through SHIP in the
regulation of Fc receptor-mediated phagocytosis. (Immune Network 2005;5(3):144-149)

Key Words: Fc receptor, macrophage, SH2 domain-containing inositol-phosphatase
(SHIP), phagocytosis
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W HEAE Jdo] FE2ZOSF immunoreceptor tyrosine
activation motif ITAM)7} &A13}e] ITAM E4 399 g}
o|ZA-01218l 2 B3 Fo 842 B3 SAHA ] o
Aoz 2438131, FoyRIbe A FEA 24 immu-
noreceptor tyrosine inhibition motif ITIM)E 2t 9lo] &
dA o2 AgFo] e A Tth9-14). 12y Fe F8A &
3 FAHGAA Fe FEA Y o Ei & 54 motif
(ITAM X+ ITIMEC] oHE fAUEE 5319 Fe 5
SAE TS Asdgd FAH == S,*égi 2431
A obA wrE A2 okt HT A oJshH SH2
domaing Zril Y= ©|=A]E-F 2 ubH| o] Z(SH2-conta-
ining inositol-phosphatase, SHIP)7} A2 4o ITIMS
73 )& FoRIb 2 JA| F8Ad Ags o] e
o] B ¥ AtH15-18). w}etA SHIP7} Fc =845 £3F
gA g A A 42849 FeRIbS ITIMS S8 <
/H X—] Z]-_Q_oﬂ _9_?‘1- uﬂjﬂzﬂfi’ Z}Q_O}E]E‘l_ _El';] ]Z'Fg—
g Atk ESF SHIP| ®io]7} Yofid nhg-2of| x| g
ool MAsIH, HEAZT &5 T A HIE oA
o] A9 7|5 g #HAo] FoFAIL UTHI9,20).

A ES Fe F&AE &3 &2 Ax U PI3
kinased] A=} LA 3 BA7F 121 (8), I PI-3 kinase
o] &4 A4 &< phosphatidylinositol-3,4,5-triphosphates
© EZ SHIPY %4 7|do|BE& Fe &A1& F¢
A A EZ e A HA Fo dojub= PI-3 kinaseol| ]S
2494 25 E SHIP7} A2e 7S shA AlALst
7 9ot (21.22).

2 AFE gAAEY Fe 84 T3 &34
/\1 SHIP7]' Al zﬂ [} )H }H o7 7(]-_9_0}‘— ]-
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AST 1 A% AALY Fo $EAS B3 B4
Aol A SHIPZE T3 942 AT Bassn

AHAE. Y 28 (sheep red blood cells)2} W F2
o]l thak 85 ICN/CAPPEL (Costa Mesa, CA, USA)
AFS] A F-2-, anti-phosphotyrosine ©E & 4 (4G10)=
Upstate Biotechnology Inc. (Lake Placid, NY, USA)A} A&
<, anti-Shc % anti-SHIP &4+ Santa Cruz Biotechnology
(Santa Cruz, CA, USA)A} #A|&<S, DMEM, fetal bovine
serum (FBS) 5 M X H]¢F A]2FF+& Life Technologies
(Gaithersburg, MD, USA)A} A|3-S, Pansorbin Calbio-
chem (La Jolla, CA, USA)A} A|%-%, Enhanced Chemi-
luminescence (ECL) kit= Amersham (Arlington Heights,
USA)AF A|#-S, Wortmannin 5 Y4 A] k7= Sigma (St
Louis, MI, USA)A} AFS TY5te] AL&-st

A X% 2 recombinant vaccinia viral vector 3. tf
2 AMEZ9 1774 A E(ATCC Cat. NO. 67-TIB)E 10%
FBS7} X 3%l DMEM HJX|ollA H} Y3} Th Recom-

binant vaccinia viral vector (pSC65-vector)9} wild 2
mutant type2] SHIP ¢cDNAE pSC65-vector®l] 7]% ¥-&
recombinant vector (pSC65-SHIP 2 pSC65-delta CAT)E
< v eyt o A8 Dr. Durden® 276 A&
ol ALE-3FH T 7744 X vpol# 25 AAAZE o
AL2E vlo]g & FEE MOI (mortality of infection) 2
FAISH . MOI9| ov]= =5 AE 1774 A2 T o
719 A 2]8l= nuho]l# 229 PFU (Plague Forming Unit) 3t
< 9rgity. 28 2 F vpolgls B AERE &9l
171 &l mlolgjzol 2+ d A XS] p-galactosidase 2]
< SAstAoH, ol 7:-?3"1]—-—(10 cells)S 0.1%
alZ} 37°Co A 6087 WE-S-A171 & 595 nmo| A &3
7435t AF “H“}‘:} H}o] ii«] e S 243}

ol

ox N

@me

rulo _Bi _L...

HY 9 IgG sensitization Z phagocytosis 7.
819 IgG sensitizatione J&3tE WY HE

TYh3t HoE FAE Zqzﬂ:rL s AoF
Ho g RE Wol HH 15 ml YA e Y31 phosphate
buffered saline. 2 & @S A As}7] A A2 s
T AYF10° AZ)ol & WFHIT FAES g ¥
oA 1Az B WA A W AT M2
IgGE coatingdlF . WIFHE 9] IgG sensitizationS
o) A3 wjuith AAjst 3 AAs AEFE &
Aol o]-83}th Phagocytosist IgG7} A3E WY
75 A E 71t H S W Fe 845 534
77 AAE E FFE e olw hAAE ol
EAe HEFE Wright-Giemsa G402 T A X
FE Ao 2N SAAT S A AEFQ 1774
/‘ﬂ £ 12 well plateE ©]-8-3}4 37°C, CO, incubatorol A]
24X 7 vk & Igg7} 2= Wk AHFTE 17744 L9
1001 HISZ Yu 2 A5 A 83t & o) 2l A
EE dM3t] Fe 78AE 53 245 S4s3th o
o oA A Ee FFEA K Z—ql%ﬂﬁlt HAMEE 4
A3s}7] Aol HOE 5% ot EH/“ Az 2] (water
shock) .24 A| A}t ©42 Phagocytic Index L2
2 ZAstGeH, 1 A e 2o

Phagocytic Index = % of Phagocytic cells x average

wet (B R ¥R b1 > o
o2

o

O

£

)

numbers of sheep red blood cells engulfed by 100
Phagocytic cells
SHIP A3 3 AGFA. oA 2 I7744] % (6%
10° cells)E extraction buffer (1% Triton-X 100, 10 mM
Tris, pH 7.6, 50 mM NaCl, 0.1% BSA, 1 mM PMSF, 1%
aprotinin, 5 mM EDTA, 50 mM NaF, 0.1% 2-ME, 5uM
phenylarsine oxide, 100uM sodium orthovanadate) = lysis
Al B 4°C, 15,000xgoll A 303 YA #8 3t 7
A A e AXE AASYGTE 2 FEHo] 7FE anti-She
A S-S 7Fste 4°Coll A 12083 HHSAIZ] § TRA]
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10% formalin-fixed Staphylococcus aureus (Pansorbin) 50ul
£ 7hske] 4°Coll A 6027F HESAIZ T o] HYHAES
extraction buffer 33] M| &sle] AYHAHES Ao

HIHNAE 2 YA X whole lysates (1x10° cells) &
sample bufferS 23l 95°CollA 5E3F #4 10% acryla-
mide gel°l 4] SDS-PAGEE A5}l gel @ A-S Dry
Gel Transfer System (Bio-RadAh)S ©]-8-3}4] nitrocellu-
lose &A1 %71 3 4294 anti-phosphotyrosine T
2 A E 7}elo] HHEAZ] T horseradish-peroxidase”}
A9 22 A2 A3 § ECL kits o] &3t 242
Eo] gES 94 43T

2 ot

o] 2] A o] A IgG-sensitized sheep red blood cells®]] <
3k SHIPS] Elo] ZA-Q12k8}, A M E, J7744 & 1gG
7V AfE HE HE TR ﬂﬂ@ < 2 A3 ff SHIP
o o] Elo] 2AI-QIAMSLE ERlety] st W A
92 Ao dNS AXEATE o8 £l ostd kst
A A5 AR 9t A5 Mg FHA A SHIPE= EFO]
221014143} o] A W 523 adaptor protein %] 3}
ol Sheot At tiar dch(15,17,21,22). A B A
S M= 7} E anti-She S| & o] &3}e] W AAS A
A8t Elo] 241-914+3} band= EAFEFo] 145 KDY
SHIP T ) x]o| A 8h-g AJ7tel| whe} T2 A JEhg S

o

IP: Anti-Shc

123 456 7

A —

g ¢ 145KD

WB: Anti-pTyr blot
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WB: Anti-SHIP blot

¢ Bemecne

WB: Anti-Shc blot

<4 Shc

Figure 1. Tyrosine-phosphorylation of SHIP after Fc gamma
receptor stimulation of J774 cells with IgG-sensitized sheep red
blood cells. Tyrosine phosphorylated proteins bound to She in
IgG-sensitized SRBC treated J774 cells were analyzed by West-
ern blot of specific proteins immunoprecipitated with anti-Shc
antibodies. J774 cells were stimulated with IgG-sensitized SRBC
for different time periods as indicated. Lane 2, 3, 4, 5 and 6 were
stimulated for 1 min, 5 min, 10 min, 30, and 60 min respectively,
lane 7 is the control (whole positive cell lysates). Lane 1 is non-
stimulated condition (NS). J774 cells were lysated in extraction
buffer for immunoprecipitation. Panel (A), (B), and (C) show im-
munoblots reprobed with specific antibody each.

o, B9S-SR A HIUAE HAtKFig 1A). 212 FA}
2 145 KD 5-91¢] Elo]241-¢14k5} © whilo] SHIPY S
gela}l7] $138te] anti-SHIP 34 2 Y@ M-S A3
ThFig. 1B). 437 Elo]ZA1-Q1%ksl & fIx]elA] HA|
SHIPS] ©huio] ] et o]gfg ZAips djd A X
IgG7} 2gtd HgA 7 ddetd Fe 7842 $3
2% AgFgeoA SHIPZL kA efe] 241-14H8} =
o] FeyRIlb =842 ITIMol| 233 4= S-S 718
oh 2 A9 She BGHA Al ZF A|BoA T Ty
HAL anti-She A Z HAGAN S AAgozZH 39l
& AtH(Fig. 10).

WAME Fe FEAE T §2 AT 24 Zol|A
Fc 8412 53 EWA =R HJ% =

f%}iﬂ«l TE T 0461 7?%1 HP% 215 AR 2%
ol Mld uhe} o] A} A Ao H]
£ 1/100, HETo] AFdh=s A F 1ug/10° cells
d o Hso] HuYdSs IRl thdata A §1).

aejar H«] 7@0% HA WG AIHS &) 8l ARt
of & EA5S #ASIAT WA we &A%
L gke 3 %_" ] 50%°ﬂ Tgglon, vg 1A7HA =
A|Zre] Hlglate] F7tstar, 2417kl & A9 Wsrt flF
S 4 & AARTHFig. 2). 13 ¥HE 2417 B2 A2
© AlE ZH 7L ofF EQtete] Ax A =l A
&o] dojubA #Fs 77} vl oAU kA 2
E WAAZANA Fe 845 53 &2 #de wg
AZHs N2 a1 st AAESi
WML Fe €A E 53 &2 o] g PI-3 kinase
9] gk ©we EdoA PI3 k1nase7} A A EQ Fe 5
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Figure 2. Time course of Fc gamma-mediated phagocytosis of
macrophages. J774 cells were incubated with IgG-sensitized sheep
red blood cells for the indicated times under the conditions
described in “Materials and Methods”. The error bars represent
standard deviation of mean (n=3).
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Figure 3. Wortmannin, PI3-kinase inhibitor, inhibits Fc gamma-
mediated phagocytosis of macrophages. J774 cells were incubated
with IgG-sensitized sheep red blood cells in the presence of
various concentrations of Wortmannin under the conditions
described in “Materials and Methods”. The error bars represent
standard deviation of mean (n=3).

o)

SAE B3 A ofF A Aol ki Bush
vl ATh7,8). £ AFolA FYe thAAES Fe &4
2 &3} gF2) o] PI-3 kinasedl] &JE&F XS Feldtr] 9
3ked T A Q1 PI-3 kinase®] A4 2 2e] %) Wortman-
ning o|-&3te] &2o v X= GEFS AU Wort-
manninS X0 H#H st M T Fe FEAE &
sk &S Ao, e B dF AH9 frAlet
A Z 100 nM H A FAEA g2 A AT

(Fig. 3). WepA] & AFolA g4 EH/% A9 Fe &
A S B3 &alo] AE 22 PI3 kinase &gl ET-S

AN

8 Fe —r%*ﬂ T &4l @ SHIPY 9
e 2727 E & o 4 T Aol A E] Fe 5
£ 53 &4 PI3 kinase 84> &4} OF—r 243
o] QIO B PI3 kinase £ AAE ZF9 s
phosphatldyhnos1tol 3,4,5-triphosphates [PI(3,4 5)P3]7} Fc

A% £8 G0 GE T AL 52
(o] Pl

ol o] ZH vt} 3 PI(3,4,5P3= SHIPY i<l 714
24 2 484 Ad17). WA Fe 842 53 24

of tj3t SHIPY 43S A& °oE Y3l recom-
binant vaccinia viral vector—g- OI*O“O}Q] )2 A3 ] SHIP
o] ¢l Wg S =7iA)7] B Fe 4 =

T3tk SHIP= EH”’HLLJ FC —}F Zﬂe 55 &4
S AAA JAFA oY EA40] fle Wo] A (delta-
CAT) = 3 JFS FA 3ttt wfebr] SHIP &4
o] &gdo] tj2] Mo Fe FEAE B3 g2l AH
Aol ASS & T UTHFig. 4). 123l HAANES Fe
FEAE T3 G2l tisk SHIPS] oA #-&-©] SHIP
oulo] Fro &S HATHFg. 5). ol¥e AHE
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Figure 4. Over-expression of SHIP decreases Fc gamma-medi-
ated phagocytosis of macrophages. Panel A shows phagocytosis
of IgG sensitized sheep red blood cells by noninfected J774 cells
(control), cells infected with recombinant vaccinia virus contain-
ing empty vector (pSC65-vector), wild type SHIP (pSC65-SHIP)
or catalytically dead mutant SHIP (pSC65-delta CAT). The cells
were infected with vaccinia viruses (MOL, 2) for 4h at 37°C with
5% CO;. The columns indicate phagocytic index of J774 cells
(Mean+SD, n=3).

1000
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600 T
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Figure 5. Overexpression of SHIP decreases Fc gamma-medi-
ated phagocytosis of macrophages in a dose dependency manner.
Panel A shows phagocytosis of IgG sensitized SRBCs by
noninfected J774 cells (control), and cells infected with pSC65-
vector or various concentrations of pSC65-SHIP (MOI, 0.5~4.0)
for 4 h at 37°C with 5% CO,. The columns indicate phagocytic
index of 774 cells (Mean+SD, n=3).

o & W Az &40 thg SHIPY 282 &
T4 Ao AFAoZ #AF o, SHIP &4 &
A Sk di4 4 ] 4 Fc 7845 53 &2 =44
o7 AggS & 7 At

=1

2 A= dHAES Fe FEAS T3 24
] FeyRIIb7} SHIPE 53 =
AABEAL Q. E=e et
S WA E Fe 8% ﬂ:‘é—
o & AT BAVE 5ol ov] 2 “34@ At
£ AN FHg &4 AAANME PI-3 kinase] E4

[o
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o] o} LA BAS 2l 5 Flsilon, P13
kinase?] 23 AYAEZ &H 7 PI34,5P37} SHIP-J

8% 7149e 18 W SHIPY 2457h= P
kinase®] A& on|ste] B3] SHIP &g %7]—%
HANES Fo £848 B3 B g4H02 48
g Ao ool HAHAD).

HANZES Axud &4 2 AN EE G
Zyzv o] & 4=8-A|(activating receptor)9} A 4
(inhibitory receptor)”} EAj3t o, Tk Z1 =

=24

At oW FEA TREL 2a JEd, &

4> o op ok

l"l'N oo 2 2 r

Aol ITAMo] EA13t1, oA +=&A o+ ITIMO]
Aol Bl X Th(13). 28U AHAEEAA A &
A& 715E ofA FAsHA HHAA ¥ AUt
o AFAH ITIMS 2kl 9l& CD31 (PECAM-1),
CD32 (FcyRIIb), CD152 5 W oA #8AE0] Hi
FHAEd o] &4 9+ SH2 domainS 21 Jd+ Ef
o] ZAl-E A 3}g| o] = (SHP-1) ¥ SHIP7} Eojzo=w 2
gttty A ATh3). 2YY HIAE 7
AR F&A9 ITIMY EolAo=w Agsls 45 7F
9 ﬂﬁlb obA ¥ A2 ot whebA] B Aol A
ol & Y 171 A3l AFAME FollA &4 FE&A < A
&4 17} 4 9 g EE AEste] dadd A

A7F & vrE 3 Aol WA= SHIPS 28-S BE3A
.

2] MEutelE ITAMS 2H3 9 FoyRlla 2 Fey
RII 59} &4 F8A15°] Fe +845 53 g4 &
g&tA st gk 2y IMME 283 Y& Fey
RIb 22 o}7] 5 84& ww ol o] gl Ao
2 2eA AG). 2 & A7 2352 B 9 Ry
RIbE ] 44 9] Fo 5845 E& AedEAgel &
a3 Agstelet A2aT 2 RAAEY Fe F§A
g B¢ 940 U@ SHIPS) A48 ¥ 5h B4 4
HHog Aol glor, SHIP A28 F71E Y4
AES Fe ¢4 58 g4 4H02 2839
.

o FHEY ¥ ATE B Fe 7EAE 5T )
A Ee] ANTAY Ao A FeyRIla ¥ FeyRIT &
FgA ol )3 PI3 kinase S F3k] FEHE A F

] A Z 7} FeyRIIb 28 oA =84

A Ao o AdEE & F Ak F BIA EA
A FEA A FEAE 24 BNk -
T8 A48 rpa A3 1Fd o7 Aol A
HANZES AA| 8A2 FoyRIb7F W uk-g-of A]
243} oA (threshold for activation)E W3¢ F= 5 W
kg A FAS 7|5 @Yt RuEa 9l
FoyRIIb 22 A F&A td 71550 3 = ¢
U FA WolEAA L UTh(11-13). $H E Aol A

RIIb-4 ITIM# Ao 22 #A7F 2

Efo 241- el

o 29 AF e FRILE 53 SH
foi3

& o4 HE} Fe 8AE Fotol
7

g5 2 o Fey
)= SHIP7} 7331l
gk urs g AR, <
HIP2] #+-8-of ot

127 dojdt=

@ AEel AdHez BelE Al HE A7}
Bastthn 4z,

2 1 2 d
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