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Mnuseg NIH 2T fibroblass iransﬁ:ewd with human ealany stimulxuinz fuetars | rcm:pl::r produced dmcyhlyceml n response 1o CSFI and this -
. correlated with elevated phmphuttdyldwlmc hydmlyzmg activity measured i un in vitre nssiy. Trentment af eelis with the isoflavane derivative
genliein aitepunted PC hydrolysis in vitra nzggeums a rele for CSFIR tyresine kinuse activity. A CSFIR mutant laeking 67 amine deids of the
kinuse insert domain, which may affeer the sssocintion af reeeplar with certain substrutes, stimulated PG hyclratym in respanse to CSFI; Cﬁupling
‘ lo pC hydrolym is likély u general pmpcﬂy ol CSFIR and the kinuse inm! domain s dnspcnsablc t'or this ncllvhy

' Cr}lnny snmulutma fgclqr l reseptar; Tyrosine kinuse; Phosphwtidylcholine hydralysis; NIH 3T3 cell

1. INTRODUCTION

Colony stimulating factor-1 'is a ‘lincage-specific
.- hemopaietin required for the maturation of cells of the
- mononmuclear phagocyte lineage [1]. CSFI binds: with
~ high affinity to a 972 amino acid transmembrane recep-
tor expressed on macrophages and their precursors [2].

CSF1 binding stimulates receptor tyrosine kinase aciivi-

ty and & host of cellular responses believed to be impor-

tant in transducing receptor signals [1]. As with other

members of the class 1II receptor tyrosine kinases

(PDGFR and KIT), the CSFIR cytoplasmic kinase do-
main is split into two segments by a hydrophilic se-
guence of .apprommately 70 amino acids termed the
kinase insert domain [2]. The KI domain of CSFIR may

" have an important role in substrate recognition. Forex-

.ample, Kl domain deletion mutanis of CSFIR

associated poorly with phosphatidylinositol 3-kinase -
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Abbrewunom CSFI colony s'.nmulatmg factorl CSI‘]R colony
‘stiinulating factor-1 receptor; DAG, diacylglycerol; EGFR, epider-
mal growtli factor receptor; IP;, inositol 1,4,5-trisphosphate; KI,
kindse imsert;; PC, phosphatidylcholine; PDGFR, platelet- derwed

growth factor receptor; PL, phosphatidylinositol;. PIPa; phosphati-

dylinositel = 4,5-bisphosphate;  PLC, phospholipase C;. PMSF,
phnnylmethylsuifonylﬂuonde Protein A, Staphylowccus GUFEUS

meinbrane Protein A; Prdlns 3-kinase, phosphatidylinositel 3- kinase; .

- 8SDS, sodium dodecyl sulfate; TLC, thin layer chromatography, U,
unlts

Published by E{s'eul‘u'er Science Publishers BV,

13, 41, a novel enzymc wuh a posnble mle in growrh

‘regulation and transformation by viral oncogenes. .

- Many polypeptide growth  factors stimulate a' .
7 _phasphohpase C that hydrolyzes phosphatidylinositol

4,5-bisphosphate in the plasma membrane to yield in-
omnl 1.4 5~tr1§phosphatc and diacylglycerol [S). !Pa.‘

. stimulates release of -Ca** from -intraceliular stores
while DAG - activates protein. kinase C- [6].

phosphatidylinositol- SDClelC PLC is a direct substrate :
for PDGFR and EGFR [7}, and tyrosine phosphoryla-
tion of PLC 71 correlates with increased activity toward .-
PIP; [8]. Despite structural similarities of CSFIR and

- PDGFR, CSFIR does not phosphorylate PLCy1 [9].

Proliferation’ of ~mouse 'bone . marrow-derived
macrophages and other reccptor -bearing cells. in-

“response to CSF1 is not accompanied by inositol lipid -
- breakdown or rapid release of Ca®* from intracellular - ‘
. stores [10,11].- Recently, CSFl has been shown to -

stimulate phosphatidylcholine hydrolysis and protein
kinase C activation ' in -human . peripheral - blood.
monocytes {12], suggesting that the receptor utilizes

alternative - signalling = pathways

mouse myeloid progenitor line expressing. transfected
human CSF1R ¢cDNA stimulates mitogenicity and par-

‘tial macrophage differentiation [13]. To distinguish be-.

tween pathways generally activated by CSFIR from

-those that might be macrophage specific, mouse NIH

T3 fibroblasts transfected with wild-type and mutant.* |
human CSFIR eDNAs were examined in this. report.:

. We show that CSFIR can couple to PC hydrolysis in
. fibroblasis which do not normally express endogenous

SELTRNE

compared - with |
- PDGFR. We showed recently that CSF1 treatment of a .
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CTSF] R and uls that the K! domain. whh.h may al’fc&.t
rezepmr-substmw inteructions [3, 4], is dispemmblé far
CSF1 R-mdused PC hwdrolvsis.

fz MmzmALs AND ME’THODS
20 Mﬁ'lrrmlx

Revombinany Human C‘if‘l ¢loy wo. JRIZZA, mzmily Iﬂﬂ UM) wm'

frony Cellular Prt:dum‘ (Buttalo, N.Y.).: Gendsielin was From

Aldrigh, ("Higlyesral and ‘HIplnmphmmylchﬁhm wgry from New ‘

'IZnulz\nd \lneleﬂr All ulhcr Feagents were :xnulymul irmlm o

2.2, CHI fines-

Mouse NEH 3T3 fibroblasts (a me‘- sift of RLA. Wc.inberl,) were

grown in Dulbeteo's modified Eagle medium containing 10% fetal
_bovine serum. Mouse NI 3T celts iransfecred with human C8FIR
CONA (2-9 eclls) have been deseribed |3,14). A 67 aminoacld KU de-

main deleton ‘mutant (Gily-884) wis construgied by in viro site
diresied mutagenesis as described [13]. This murated eDNA was

ransfected Into NEH 3T3 celis (o estahlish the murant regeptar ex-

pressing line (JATA, (3], Al transfected cell Hinex were grawn In -

DMEM pius 10% fetal bovine serum. inthe presence of 0.8 mg/mi
G-418, to seleel For the aro gene present in the exprassion vector, The

¢ells were made quiescent by incubating -conflvent monaldyers in’

medium ¢ontaining 0.5% serum for 20 h, Qlumcm cells were
_s.nmulmed wnh 1600 Ufml CSI- :

2 3, Analym o,f it vive BAG pwducmm

The cells were labeled in [*H)glyseral (8 xCizml) for 48 h and then

starved. for s:rum in medium containing 0.3% dialyzed fetal bovine
serum plus PHiglyeeral for 20 h. The cells were stimulated with 1000
U/mi CSFI. Atindicated tme points the cell monotayer was extracted
with 530 20 of 1 N HCI/MeOH/CHCI €1:1:1), The dqueous layer was
extracted with the same selvent mixture, The pooled rganic phase
was dried under a stream of nitrogen and resuspended in 15 4t of

CHCY,; containing cold DAG standard and analyzed on silica gel 60

thin layer chromatography plates using a benzéne/ethyl acetate (7:3)
solvent [16], The DAG was visualized by spraying the plates with

p-2-toluidinylnaphtiialene-6- wlphunu. acid and UV irradiation, The -

corresponding DAG Spoty in cxpcnmenla! snmpleq wers surapcd ang
counted in aquaml

(2,4, l’hmphahpase C ussay - ‘ :
CSFi-stimulated cells were lysed in RIPA huffcr (20 mM Tris-HC}
pH 7.5, 150 mm NaCl, § mM EDTA, 1% NP-40, 1 mM NayVO,, |
mM PMSF and 0.25% aprotinin) at 4°C for 30 min. The cel] extract
was centrifuged at 10000 x g for 30 min. Protein concentration of the
superpatant was determined using BCA reagent (Pierce Chemical

Co.). Equal amounts of protein were used in a PLC assay employing,

[*H]IPC (chotine- methyl [*HIPC) as described by Katan and Parker
[17). Briefly, the RIPA lysate was incubated with [*H]PC in PLC
assay butfer (100 mM- NacCl, 0.6% Na-deoxycholate, 2 mM CaCly, 4
‘mM EGTA, 5 mM z-mercaptomhauol and 20 mM Tris-maleate pH
6.0} at 37°C for 30 min, The reaction was extracied with 0.5 m) of
CHCI,/MeOH/11.6 N 'HCI (100:100:0.6) and 0.15 m! of 1 N'HCL
" The aqueous layer was routinely counted. Measured amounts of the
aqueous layer were dried under vacuum and resuspended.in cold
‘phosphorylcholine standard solution and: analyzed on' TLC using

-0.5% NaCl/MeOH/NH.OH '[18] as a solvent, The .phosphoryl- .
choline standard was visuelized by spraying the plates with Dragen-

‘dorff‘s rea'gent seraped off the plate and counted.

2.‘5. Wec,’em blar analysis

Cell - lysates were analyzed by SDS polyacty]amidc gel elec-

tfrophoresis, The separated proteins wefe sransferred - onto nitro-
cellulose membrane and probed with a rabbit anti-c-fis antibody.

"The bound antibody was detected by ['**1)-protein A easennally as
described [13). :
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ty [20-22].

. as.’a substrate. ifi
CSF1-induced phosphoryicholine production from PC
~(Fig.:2), suggesting that the tyrosine kinase activity of

Mw 1991

3 HLSULT‘S AND ﬁlSCUS&!CJN

Activation of Pl-specific phospholipase C, cbserved

“after stimulation. af many cell surface reeeprors {7,8],
- does not gecompany CSF1-induced mitogenesis in bone

marrow-derived macraphages [10}. Chinese hamsier
lung cells and NIH 3T3 cells expressing human CSFIR

-also do not show signilicant Pl hydrolysis in response to

CSF1 although CSF1 is mitogenic in these cells (3,11]
(Ghosh. Choudhury, unpublished). The observations
are consistent. with the inability of CSFIR 1o phos-

phorylate Pl.specific PLCHY (9], an event mrrclmed
- with stimulation of PLCy1 activity in‘other systems [8].
“In the absence of PI hydrolysis several agonists can

elieit their effects through hydralysis of other mem-
brane phospholipids {19]. To determine if transfected

" CSFIR can couple to another phosphalipid breakdown
 pathway, we studied DAG prmlucnan in 2-9 cells. The
- cells were metabolically labelled with: [*H)glyeerol, sti-

mulated with human recombinant CSF| and intra-
cellular levels of DAG were measured at different time
points (Fig. 1A). CSFl-stimulated DAG production in-

. vivo was sighificantly clevated nt the earliest time point

examined (80 s). The intracellular DAG level peaked at

4 min of human CSFl stimulation and remained
- ¢levated at 12 min. To determine if DAG production

was associated with PC hydrolysis, we stimulated clone:

2-9 cells wich humian CSF1 for varymg periods of time

and the cleared cell  extracts were assayed for PC
hydrolyzmg, actlvity in vitro (Fig. 1B). Human CSF!

stimulated PC hydrolysis in 2-9 cells wirh kinerics.

similar 10 those obtained for in vivo DAG producticn
(Fig. 1A). These studies provule evidence that, in the
absence of PI turnover, CSFI can stimulate the PC
hydrolysis to produce second messengers. The DAG
produced in this reaction might stimuiate protein kinase
C as a CSF! induccd signalling event in transfected
fibroblasts, as has been shown for peripheral blood

MOROCYLEs [12]

Recently- the . isoflavone dcrwatlve, gemstem has

been shown to inhibit the tyrosine kinase activity of"

EGFER and PDGFR and to block their biological activi-
Like these  receptors, -the biological
responses mediated by CSFIR also depend upon its in-
trinsic tyrosine kinase activity. We tested if genistein.

~ could inhibit CSF1-induced PC hydrolysis i in 2-9 cells.
 The cells were treated with 100 xM genmem and
" stlmulated withi human CSF| for 4 min. The cleared cell

lysate was tested for PLC’ actwnym vitro using [3H]PC
" Genistein - significantly -inhibited

CSF1R is necessary for CSF1-induced PC hydrolysis.
The highly hydrophilic K1 domains of PDGFRE and

" CSFIR appear to be important in receptor functlon,

perhaps in substrate recognition [3,4,23-25]. In the case
of PDGFREB a Kl delenon mutant 1s dramatu.ally im-
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f‘u, I Cf:l“i induced PC hydrolym in 2-9 cells, (A) [’H}giy:eral
“labeied quieseent 29 cells were stimutated with 1000 U/m) human
recombinant CSFI, Al indiented tmes the volf menoliyer wis ex-

tracted with CHCL/MeCH/LNHCH (131 and the DAG level was
determingd as deseribed. in section 2. Each . point ix o mean of |

duplicnte “determination, {13)  Quiescent cell” monolayérs  were
stimulated with 1000 U/ml C8F L. At indicated time points the eelly
were lysed aned 32,8 of el extract was assayed for PLC activity using
- PHIPC as a-substrate as deseribed in section 2. The data are ploited
as peru.nl of rotal epm in the agueous extract, The basal value'of PLC

' '\uwuy ul time zera was 381 .L 1-1 r.pm

- paired in stimulating mitogenesis and in its association

with at least two cytoplasmic proteins, Ptdins-3 kinase
and ras GTPase activating protein [23,24].. Mouse and

human CSF1R mutants devoid of the X1 domain do not -
- associate well with PtdIns-3 kinase and are mitogeni-.

~ cally impaired in transfected fibroblasts [3,4,25].
Furthermore, two major: tyrosine autophosphoryla-

tion sites have been mapped in the KI domain of the

mouse receptor (the positions of the homologous
residues in human CSF1R are Y699 and Y708) [26,27]
- (Fig.3A), We expressed a 67 amino acid KI domain
- deletion mutant (Gly-684), spanning from glycine 684
“to leucine 750, in NIH 3T3 cells [3]. Fig. 3B compares

the mutant CSFIR protein with wild-type CSFIR (in-

" dicated by arrows), and as expected, the fully processed

form of the muiant protein is 8 kDa smaller than the

wild-type receptor (compare lanes 2 and 3, Fig. 3B),
This cell line (clone 1A1A) expressing the KI domain
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.. Fig. 2. E‘rrett of gentstein on PChydrolysis in 2-9 uells Q\iieumt"-Q :

et were tréated with 100 #M genisteln Tor 3 b Ened stimulated with
CSFY For 4 min, lysed in RIPA bufter and 32 2 of el tysste wid
avnuyed for PLE activity using [PHIPC ax o substrate, Afer arganic
extrnction e aquecus layer was snalyzed on TLE 1o detest
phmphuwlmnliﬂc as deseribed in veerion 2, Hatehed and dark bars
are in the abience and presence of genisiein, respectively, *="and ¥4

- wre in thc albscncu amd resengs of CJSI‘I rmpeenvely

: : T . ' s = .
. 639 136 Sl )
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Fu, 3. Wcm:rn blot analysns of wild-type and mutant CSFIR protein,

“and couplmg of mutant (e PC hydrolysis. (A) Structure of the wild-
-type and Ki domain deletion mutam receptors, “TM' is the iransmen-
- brane domainy dark bars are the tyrosine kinase domain, The majoi’

{n vivo tyroaine autaphosphorylation sites-are indicated (residues 699
and 708}, (B) Equal amounts of cell lysate were separated ona 7,5%
SDS polvacryiamide gel, transterred onto a nitrocellulose filter and
probed with a rabbit anti-c-fins antibody as described in section 2.
Lane 1, NIH 3T12 cells; Lane 2, cell line IA1A expressing CSFIR KI: .
domain defetion mutant;-Lane 3, wild type receptor expressing line

(2-9). Arrows indicate the mature forms of mutant receptor protein =
- (142 kDa) and wild-type receptor-protein (150 kDa) Q) PC hydrolysis

inclone TA1A cells. The gujescent cell monolayer was stilmulated with
1000 U/l ©SF1 for 4 min, jyséd in RIPA buffer; then 32 4g of well. .
extract was aszayed for PLG. actwny in vitro using PPHIPC -as
substrate. After organic extraction the aqueous {ayer was analyzed for -

" phosphorylcholine as deseribed. in segtion 2, *~" and ' +* are in the

. absence and presence of CSF1, respectively.

383
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deletion mumm WaS snmulawd with humtm CSF ey and‘

the cell lysate was tesced for PC hydrolysis in vitre. The
dara (Fig. 3C) show that CSFI stimulates PLC aetivity

cleaving PC in clone LATA cells. The extent of PC
hydrolysis eliviied by the Giy. 684 deletion mutant was.
consistently lower than that obiained with wild-type

receptor. In § experiments the mean fold-increase in
CSFl-induced PC hydrolysis over basal aétivity in 2-9

cells was 4.97, while that for Gly-684 wax 3,20, The:

decrense ‘obtained with the Gly-684 deletion mutant
might be due in part to the slightly lower expression of

receptor protein compared to the wild-type receptor ex-

pressing line (Fig. 3B, compare lanes 2 and 3; and {3]).

1t is presumed, however, that despite the likely effecton .

the conformation of the cytoplasmic domain, deletion

of the CSFIR Ki segment has not abrogated the ability -

of the receptor-to stimulate the PC hydrolysis pathway.

The mechanism(s) coupling CSFIR. to PC hydrolysis
and the role(s) of this phospholipid hydrolysis pathway

in CSFl-induced growth and dxff‘eremmuon are eur-
rently undcr mvesugauon. o
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