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

Jong Hyun Kim

Department of Obstetrics and Gynecology, Chonbuk National University Medical School, Jeoryn, Korea

ABSTRACT

Background: Fc receptor-mediated phagocytosis is a complex process involving the
activation of kinases and phosphatases. FcgammaRIIB has been known to transduces
inhibitory signals through an immunoreceptor tyrosine-based inhibitory motif (ITIM) in
cytoplasmic domains. In this study, we examined the involvement of inositol-phospha-
tase in 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 (P1-3) kinase inhibitor (wortmannin) inhibits ]J774 cell phago-
cytosts of sensitized sheep red blood cells in a dose-dependent manner. Heterologious
expression of SHIP in J774 cells inhibits phagocytosis of sensitized sheep ted blood
cells in a dose-dependency manner, but catalytically dead mutants of SHIP has no effect
on phagocytosis. Conclusion: These results strongly suggest that the active signals
mediated by PI-3 kinase are opposed by inhibitoty 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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# AEA Aol FEZOF immunoreceptor tyrosine
activation motif (ITAM)7} &ll&}o] ITAM &4 1-9] 9] g}
o] ZAIQIFSHE F4ll Fe T EAE B3 & AA o] o
A o7 A8el3, FeyRIbe A4 $42 24 immu-
noreceptor tyrosine inhibition motif ITIM)E- 3L glo] &
Aoz Agdho] e A h9-14). e Fe 8415
T FAHAAA Fe FEA19 olEld EA motif
(ITAM = ITIM)Eo] om gt mlAYES E3lo] Fe 5
SAE B3 A3 Al A = SAHor A8
A ol4 greiAA Gk M elvel o SH2
domaing Zt3l Q= o] A E-F A5} o] =(SH2-conta-
ining inositol-phosphatase, SHIP)7} A|3E7 ¢ o o] ITIMS
ZE31 Gl FeyRIDb 22 A &40 Ags]o] 9l
o] B3] 9lrh(15-18). w2}A] SHIP7} Fe 4-£-4|1& &3}
A A ol A oA =849l Fe yRIbE] ITIMS- £ 2
A Agell Tag miAAZ Agelelet 44 A=Y
= Atk BEgF SHIPoY| W o] 7} Dold ub-$-22o)| 2] | #ho]
ol o] whAislm], AFEAZE vk T A A WEtE doA
o] 1429 75l digh PAe] ol s 9rk(19,20).

WAL Fo 8415 53 g4 AL W PI3
kinase] 2413} WAt BA|7} ¢l 01 (8), T PI-3 kinase
o] &4 XA E9 phosphatidylinositol-3,4,5-triphosphates
© AR SHIPY| %4 7| Ho|n& Fo ¢85 E3)
DA AES] B3 Fol dolth PL3 kinaseol] o]3t
47 AT SHIPZE Aeket AH5AE bl A4
T Qe (2122).
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A A 5. v ok 28 T (sheep red blood cells)?} ™ ok2 ¥
Foll thak 3HA|3= ICN/CAPPEL (Costa Mesa, CA, USA)
A9 A F-E, anti-phosphotyrosine THEFE 312(4G10)=
Upstate Biotechnology Inc. (Lake Placid, NY, USA)A} A&
<, anti-She "2 anti-SHIP ¢+#|+= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)A A3£E, DMEM, fetal bovine
serum (FBS) 5 A|Z w9k AJeFF+= Life Technologies
(Gaithersburg, MD, USA)A} A|F-&- Pansorbin® Calbio-
chem (La Jolla, CA, USA)A} A &S, Enhanced Chemi-
luminescence (ECL) kiti= Amersham (Arlington Heights,
USA)A+ Al -5, Wortmannin 5 Qb A2k 31= Sigma (St
Louis, MI, USA)A} A& F4iste] A-gsigivt

A 3w o} 4l recombinant vaccinia viral vector ¥, )
Al A|ZE39] J774 A E(ATCC Cat. NO. 67-TIB):= 10%
FBS7} *3txl DMEM wuiA|ol|4] wljekslgdt}. Recom-

binant vaccinia viral vector (pSC65-vector)®} wild % -
mutant type2] SHIP ¢cDNAE- pSC65-vectorel] 7]$] 3
recombinant vector (pSC65-SHIP & pSC65-delta CAT)E
& w3 Ajot 2)2efeke] Dr. Durdene 2 HE] A1 F
wro} A-8a1Aeh, I77441Eol] vhol2) 2% AT )
Ag-5 vlo]#] A F5+ MOI (mortality of infection) &=
FABIAEE MOLS] u] = <5 A X J774 A E5 o o
710l A &ls}+= vle]&] 22| PFU (Plague Forming Unit) Zk
= onjgheh zelar ghed Foupol A Wb AR E #9l
k7] $18l vho|g] el Zhed = A|E2] S-galactosidase ]
48 ZAsgon, olu] ZAAL0 cells)E 0.1%
X-gal#} 37°Cof| 4] 60427F HH3-A1 71 $ 595 nmoll A ¥
E5 &4kl A wjubr} vlo]u] 9] WhElE 24
et
Hok# & 9] IgG sensitization 3! phagocytosis =4,
HFE ] IgG sensitization- FF3HE g AP
s skl B AV E AT A4S AF
Wo g RE| Wol WHE 15 ml 4F o]l Y31 phosphate
buffered saline 0 = & A clal-S- A As}7] ¢l A] A=At
F AT AF)oll F WD FAE 1 ug Qol
A2ollA AT F hEAIA wok AE T A Eato
IgGE coatings}ich. Wk E 9] 1gG sensitizationS
w) A wfubct AAJste] 3 AA S TS ©A &
ol o]-&3l3lct. Phagocytosise IgG7t A¥H W 3
75 A A £ 71elsle Wl Fe &A1& F3lo] &
77 HAAZ HE Fouel ofuf A AE ol
ZAg AEFE Wright-Giemsa FH 0.2 AELE AF
TE AdFe R ZAsd S 4] AEFQ 1774
A ZEE- 12 well plate s o]-&3}o] 37°C, CO, incubatorol] A]
24X 7 ok 3 1gG7} A W HBTE 17744 ol
100 1 H]§2 Y3 2o 2Asel A wokt 3 djAA)
T2 dapsjol Fe S840 B3 R4S S4a30e). of
al Ao FEA B ARTE BAAES o
A5}7] Aol H0F 52 Ft vlAAEZel M2l (water
shock) 0. Z 4] A|As}33 k. &AL Phagocytic Index Zko
2 BAsgov, 1 AMES theat ek
Phagocytic Index = % of Phagocytic cells X average
numbers of sheep red blood cells engulfed by 100
Phagocytic cells
SHIP A o A, A EQ J7744) F(6 %
10° cells)Z 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, 5 uM
phenylarsine oxide, 100 #M sodium orthovanadate) 2 lysis
A7) vhg 4°C, 15,000 X gof 4] 3087+ A4 Helsto] 7
AA gk A5 AAsA . L AFHell 7HE anti-She
) 508 Fhsto] CollA) 120587 HHEAIZ) F ohA)
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10% formalin-fixed Staphylococcus aureus (Pansorbin) 50 1
& 7hato] 4CollA) 6037 WA R o WA ALE
extraction buffer2 33] A" sle] WHAAAEL odgic}.

oA AE 7 A A E whole lysates (1% 10° cells)=
sample bufferZ Y i 95°Col|A] 587F %0 10% acryla-
mide gelol|4] SDS-PAGEE A A&t gel e A LS Dry
Gel Transfer System (Bio-RadAh)-S ©]£-8]-o] nitrocellu-
lose -BA]oll %71 ¥ Aol 4] anti-phosphotyrosine T+
2 A& 7}elod vE2X)71 3 horseradish-peroxidase”}
A% 22 gAZ A2k £ ECL kit o] &3l Z+7}
So] WhlEE 4 B

4 o}

) 2 A ol A] IgG-sensitized sheep red blood cellsol] 2]
3t SHIP®] elo] 2 A-Q1 43} thA AN, J77T4A Z.5 1gG
7b At Hg AETE X3k & A AE o SHIP
o] glo] ZAI-Q14SHE #elely] fste] W FA
W el S AAehelet. ole] 24lo] ool chokal
A2 AT Q07 ol 27k A1F Ad 3Hg ol 4] SHIPE Elo]
ZA-01 AL S} 5lo] A E W £ 2.3 adaptor protein S2] &)
Ul Sheo} Agts vk 3he}(15,17,21,22). wheha] 2 A
HollA 2 7} = anti-She FAHE o] &3l W FA & Al
Alstgick. Bbo] 2 41-Q1 43} band= §-AFEFo] 145 KDSI
SHIP bl $1%)oll ] ul-2- Al kel whek che A vhehgko.
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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 Shc in
IgG-sensitized SRBC treated J774 cells were analyzed by West-
ern blot of specific proteins immunoprecipitated with anti-She
antibodies. J774 cells were stimulated with IgG-sensitized SRBC
for different time petiods 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.

), Bh-S 524 FH x5 K rhFig 1A). 183 B3}
o 145 KD 5:919] Eho] 24121413} 31 cholo] SHIPY) &
2alsh7] S1eo] anti-SHIP 321 2 Wi} 3 A AA213]
SHFig. 1B). 251 Brol 241013t | AollA @A)
SHIP2] thulo] #olE]glc}. o]# 3t A= A A Lo
IgG7} At wokdd )t Adtspd Fe 8415 53
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5|l eh(Fig. 10).
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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 etror bars tepresent
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
vatious concentrations of Wortmannin under the conditions
described in “Materials and Methods”. The etror bars represent
standard deviation of mean (n=3).

SAE E3 ST ofF WA o] gluky Bl
BE QIeH(7,8). ¥ oltoll A galak A Z ] Fe 444
5 &3 @4 ol PI-3 kinaseol] 2]EH Q1) S 1)) 9]
slo] dlE# 9l PI-3 kinase?] A AlZ d#lZ Wortman-
ning o] g2lo] BHAlol WlX3= gL BAeITh Wort
mannin- 5 12of] vl#lsto] HAXEY Fe &5 %
A AAlsllon, o we AT Autel §A)
Al 5 100 sM HYJoll A s A gL o Alsk e}
(Fig. 3). whzpA] 2 ol -follA] 318k )4 AL Fe &
A &3 §4o] A A Q) PI-3 kinase FAd ol o] E3H&
o ek

A AL Fe +8AE 53 &G4 th3t SHIPY] o
F A A AR RE & 5 glRo] AT Fe 5
A E 58§22 PI-3 kinase H 4 AT} o} WA 3]
Ax]o] 9l o = 2 PI3 kinase A& AWAE F9] sli}ol
phosphatidylinositol-3,4,5-triphosphates  [PI(3,4,5)P3]7} Fc
TEAE T FAAA N JFS FelaE AL 28
3] of| &=} w3l PI(3,4,5P3 = SHIPS] tjZ A el 7|14
24 & 4 A Yok17). Wb Fe FEA1S 53 94
ol thek SHIPY| oJ3k& IH+stgir). o] & Y2l recom-
binant vaccinia viral vectorg o]-&}o] A4 E ] SHIP
o) <} BHE & ZUMAIl F Fe 8418 B3 gl
TGt SHIPE tlA A Z9) Fo 8412 £3F g4
= ASA Al o) o] gl o] A (delta-
CAT)= A3 d3kg 4 Zel9ir). wleha] SHIP &4
o] ZAo] A AME9] Fe FEAS E3 &40 AH
Aol YFe & 7 UckFig. 4). 2|3 A AL Fe
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o] ol oEdhE HYrh(Fig. 5). 0|3 ANE
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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 774 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 (MOI, 2) for 4h at 37°C with
5% COs. The columns indicate phagocytic index of J774 cells
(Mean£SD, n=3).
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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 columus indicate phagocytic
index of J774 cells (Mean+SD, n=3).
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o] o}t WA PAE Z3 IS5 &g on, PI3
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