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We have previously characterized the stably trans­
fected, clonally selected human placental cell line,
3ASubE P-3, which overexpresses the type B interleu­
kin-S receptor (IL-SRB) and responds to the chemokine
melanoma growth stimulatory activity (MGSA) with en­
hanced phosphorylation of this receptor. In work de­
scribed here, we demonstrate that the MGSA-enhanced
phosphorylation of this receptor is mediated via a proc­
ess involving pertussis toxin-sensitive G proteins. Fur­
thermore, treatment of the 3ASubE P-3 cells with either
12-0-tetradecanoylphorbol 13-acetate (TPA) or 1,2-di­
octanoyl-sn-glycerol (diCs), two different activators of
protein kinase C (PKC), results in a concentration-de­
pendent increase in the phosphorylation of the IL-8RB.
Inhibition of PKC, by treatment with staurosporin (50
nM for 2 h), or down-regulation of PKC, by prolonged
treatment with TPA (400 nM for 40 h) suppresses the
TPA-enhanced receptor phosphorylation, but has no ef­
fect on the MGSA-enhanced receptor phosphorylation.
These data suggest that the isoforms of PKC that are
sensitive to these manipulations may not playa role in
mediating the MGSA-enhanced phosphorylation of the
IL-SRB. TPA treatment also results in a time-dependent
decrease in 1251_MGSA binding to the 3ASubE P-3 cells. A
30-min treatment with 400 nM TPA results in approxi­
mately a 500/0 decrease in binding, whereas a 2·h treat­
ment essentially eliminates specific binding of 1251_
MGSA to these cells. The TPA-induced decrease in
1251_MGSA binding is accompanied by enhanced degra­
dation of the IL-8RB, as indicated by Western blot anal­
ysis and pulse-chase experiments, suggesting a potential
role for PKC as a negative regulator of the IL-SRB.
MGSA treatment (50 nM for 2 h) also stimulates receptor
degradation in the 3ASubE P-3 cells, indicating that this
receptor is down-regulated in response to prolonged ex­
posure to its ligand. In similar studies conducted on
the promonocytic cell line, U937, MGSA treatment of
the U937 cells resulted in receptor phosphorylation,
whereas PKC activation failed to significantly modulate
the phosphorylation state of the IL-SRB. Treatment of
the U937 cells with MGSA, TPA, or diCs resulted in a loss
of receptor protein present in these cell types. These
data imply that MGSA signaling through the IL-SRB is
similar in both the non-hematopoietic and hematopoi­
etic cell types, whereas activation of PKC by TPA or diCs

* This workwas supported by National Institutes ofHealth Grant CA
34590 (to A. R.), Skin Disease Research Center Grant NIH 1 P30
A41943-01Al, a Department of Veteran Affairs Associate Career In­
vestigator Award (to A. R.), and a MedicalResearch CouncilofCanada
FellowshipAward(to S. M.). The costs ofpublicationofthis article were
defrayed in part by the payment of page charges. This article must
therefore be hereby marked "advertisement" in accordance with 18
U.S.C. Section 1734 solely to indicate this fact.

elicits different responses in these two distinct cell
types.

Chemokines are a group of inflammatory proteins which
share several conserved amino acid residues (1). They are sub­
divided into two families: the C-X-C (or a) family, which pos­
sess an intervening amino acid between the first two conserved
cysteine residues, and the C-C (or (3) family, in which the first
two conserved cysteine residues are adjacent to one another.
Members of the C-X-C family are generally chemotactic for
neutrophils and to a lesser extent lymphocytes, basophils, and
eosinophils. The C-X-C chemokines include melanoma growth
stimulatory activity (MGSA)1 (also referred to as GRO), inter­
leukin-8 (lL-8), neutrophil activating protein-2, y-interferon
inducible protein-10, and platelet factor-4. The C-C family
members, which are generally chemotactic for monocytes, in­
clude macrophage inflammatory protein-la, macrophage in­
flammatory protein-In, monocyte chemotactic protein-I, and
RANTES (1).

Various chemokine receptors have been identified and their
corresponding cDNAs have been cloned. Two distinct human
IL-8 receptors (IL-8R), type A and B (also referred to as type or
class I and II, respectively), have been cloned from neutrophil
and HL60 cDNA libraries, respectively (2, 3). The names for
these receptors has been rather misleading since they bind
multiple members of the C-X-C family. The type A IL-8R (lL­
8RA) binds IL-8 with high affinity and MGSA with low affinity,
whereas the type B IL-8R (lL-8RB) binds both MGSA and IL-8
with high affinity and neutrophil activating protein-2 with low
affinity (2,4,5). Recently, a mouse homolog of the human IL-8
receptors has been cloned (6-8). A C-C chemokine receptor,
which binds multiple members of the C-C chemokine family
and two monocyte chemotactic protein-l receptors have also
been cloned (9, 10). These various chemokine receptors are all
members of the seven transmembrane domain, G protein-cou­
pled receptor family. More recently, the cDNA for the Duffy
blood group antigen, which binds IL-8, MGSA, monocyte che­
motactic protein-L, and RANTES, has also been isolated (11­
13). This is the first reported receptor that binds members of
both the C-X-C and C-C chemokine families. cDNA analysis of
the Duffy antigen, also referred to as the erythrocyte chemo­
kine receptor, predicts that it has seven transmembrane do­
mains but shows very little homology to the other chemokine
receptors. Furthermore, this receptor does not appear to couple
to G proteins and has been speculated to serve as a "ligand

1 The abbreviations used are: MGSA, melanoma growth stimulatory
activity; EtOH, ethanol; diCs, 1,2-dioctanoyl-sn-glycerol (8:0); IL-8, in­
terleukin-8; IL-8R, interleukin-8 receptor; PKC, protein kinase C;
PVDF, polyvinylidene difluoride; TPA, 12-0-tetradecanoylphorbol 13­
acetate; DMEM, Dulbecco's modified Eagle's medium.
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sink" to regulate circulating chemokine levels (13).
MGSA and IL-8 elicit a variety of common effects on neutro­

phils (1, 14-17). Presumably, the effects oflL-8 and MGSA on
neutrophils are mediated through the type A and B receptors.
These two receptors share a 77% amino acid conservation with
the amino and carboxyl termini being the most divergent re­
gions between these two receptors (3). Receptor chimera stud­
ies have demonstrated that the extracellular amino-terminal
domain plays a significant role in the ligand binding specificity
of these receptors (18). Specific residues in the third extracel­
lular loop of the IL-8Rs also play an important role in ligand
binding (19). These properties distinguish the IL-8Rs from the
monoamine-binding G protein-coupled receptors, such as the
J3-adrenergic receptors, since ligand binding specificity is typi­
cally dictated by the transmembrane domains for the other G
protein-coupled receptors (20).

MGSA and IL-8, along with their effects on neutrophils, are
capable of eliciting both proliferative and non-proliferative re­
sponses in a variety of non-hematopoietic cell types (21-28).
The receptors through which MGSA and IL-8 transduce their
signals in non-hematopoietic cells have not been characterized.
Recently, however, the IL-8RA and -B mRNAs have been de­
tected by reverse transcriptase polymerse chain reaction in a
variety of MGSA- and IL-8-responsive non-hematopoietic cell
types, including primary human keratinocytes (27, 29), mela­
nocyte and melanoma cell lines (29, 30). The expression ofthese
receptors suggests that they may mediate some of the effect(s)
of MGSA and IL-8 on non-hematopoietic cells. To assess the
mechanism of signal transduction through the IL-8RB, and
determine which factors may modulate this signaling in non­
hematopoietic cell types, we have previously established a
clonally selected, stably transfected human placental cell line,
termed 3ASubE P-3, which overexpresses the IL-8RB (29). This
receptor is basally phosphorylated in the 3ASubE P-3 cells and
this phosphorylation is markedly enhanced upon treatment
with MGSA (29). Thus the IL-8RB behaves similarly to several
members of the G protein-coupled receptor family in that li­
gand binding results in receptor phosphorylation. Several
members of this receptor family are also subject to modulation
by the protein kinase C (PKC) and cAMP-dependent protein
kinase A pathways (31). In this report, we have examined the
effect of PKC activation on the phosphorylation state of the
IL-8RB. We demonstrate that activation ofPKC with either the
tumor promoter 12-0-tetradecanoylphorbol 13-acetate (TPA)
or the diacylglycerol analogue 1,2-dioctanoyl-sn-glycerol (diCs)
enhanced the phosphorylation of the IL-8RB on serine resi­
dues. PKC activation also decreased MGSA binding to the
3ASubE P-3 cells and this was accompanied by a decreased
amount of receptor protein present in the cells. PKC does not
appear to playa significant role in the MGSA-enhanced phos­
phorylation of the IL-8RB since neither inhibition nor down­
regulation ofPKC prevented the MGSA response in these cells.
Studies conducted in the promonocytic cell line, U937, revealed
that MGSA treatment had effects on receptor phosphorylation
and degradation similar to those observed in the 3ASubE P-3
cells. Activation ofPKC, however, did not significantly alter the
receptor phosphorylation state in the U937 cells although it did
stimulate a dramatic decrease in the receptor protein levels.
These data demonstrate that receptor responses to ligand bind­
ing in hematopoietic cells is similar to that observed in non­
hematopoietic cells yet there are differences in regulation in
response to activation ofPKC by TPA or diCs in these two cell
types.

EXPERIMENTAL PROCEDURES

Cell Culture-The human placental cell line, 3ASubE, had previ­
ously been stably transfected with the pRC/CMV mammalian expres-

sion vector (Invitrogen) containing the IL-8RB eDNA. Stable transfec­
tants, which were clonally selected, have previously been characterized
and demonstrated to bind MGSA (29). One clonally selected stable
transfectant termed 3ASubE P-3 was used in these studies. The paren­
tal 3ASubE cell line was maintained in 5% fetal bovine serum/MEM,
whereas the 3ASubE P-3 clone was maintained in 5% fetal bovine
serum, 400 /Lglml G418/MEM. U937 cells, a human promonocytic cell
line (32), was routinely cultured in the presence of 10% fetal bovine
serumIRPMI and differentiated with 1 /LM retinoic acid for 5 days prior
to experimentation. All cell types were incubated at 37°C and 5% CO2,

In Vivo Phosphorylation of the IL-8RB in 3ASubE P-3 and U937
Cells-In vivo phosphorylation studies were conducted as described
previously (29). Briefly, confluent cultures of 3ASubE P-3 cells (35-mm
plates) were washed and incubated in serum-free DMEM for 40 h at
37°C. The medium was replaced with phosphate-free MEM and the
cells were incubated for an additional 3 h at 37 "C. After phosphate
starvation, cells were incubated in phosphate-free MEM containing 250
/LCi!ml [32PJorthophosphate (9000 Ci!mmol; Amersham) for 3 h at
37°C. MGSA, TPA, or the appropriate vehicle was added directly to the
[32PJorthophosphate-containing medium after the 3-h incubation. Prior
to use, MGSA, which is stored in 10% acetonitrile, 0.1% trifluoroacetic
acid, was lyophilized in the presence of 25 /Lg of bovine serum albumin,
resuspended in the appropriate media and used directly. An equal
volume of 10% acetonitrile, 0.1% trifluoroacetic acid was treated in an
identical manner and served as the acetonitrile vehicle control. The
TPA stock was a WOO-fold concentrate in ethanol (EtOH). Inhibitors,
when used, were added to the cells during the 3-h incubation with
[32PJorthophosphate. Staurosporin (50 nx), or vehicle (dimethyl form­
amide), was added to the cells for the final 2 h of the 3-h incubation with
[32PJorthophosphate, whereas pertussis toxin (l /Lg/ml) or vehicle was
added to the cells at the beginning of the 3-h incubation. Pertussis toxin
was dialyzed against Tris-buffered saline to remove the phosphate
present in its storage buffer prior to use in this assay.

Differentiated U937 cells were washed extensively with phosphate­
free MEM then incubated in phosphate-free MEM containing 10%
dialyzed fetal bovine serum (phosphate-free) and 1 mCi/ml
[32PJorthophosphate, at a density of 3 X 107 cells/ml, for 3 h at 37°C.
Cells were treated with MGSA, TPA, or the corresponding vehicle
controls, for the indicated period of time.

Immunoprecipitatioti of the IL-8RB Receptor-Cells were lysed in
either RIPA buffer containing 0.1% SDS, 0.5% sodium deoxycholate, 1%
Triton X-lOO, 10 mx Tris, pH 7.4, 150 mM NaCl, 1 mM EDTA, 20 mM

NaFl, 10 /Lg/mlphenylmethylsulfonyl fluoride, 1 /Lg/mlaprotinin, and 1
/Lg/mlleupeptin, or they were lysed in a Triton X-100 buffer containing
1% Triton X-100, 10 mM Tris, pH 7.4,150 mM NaCl, 1 mM EDTA with
the above protease inhibitors. Lysates were centrifuged for 15 min at
4 °C in an Eppendorf Microfuge, the supernatant was removed, and
either trichloroacetic acid-precipitable counts were determined or pro­
tein concentrations were estimated (BCA, Pierce). Lysates containing
either an equal number of trichloroacetic acid-precipitable counts (5 X

106 cpm) or an equal amount of protein (200 /Lg) were incubated with 5
/Lg of affinity-purified anti-amino-terminal peptide polyclonal antibod­
ies which have previously been demonstrated to be specific for IL-8RB
(29). The lysates were rocked at 4 °C for 2 h, followed by precipitation
with 30 /Ll of 1:1 dilution protein AlG-agarose (Pierce) for 1 h at 4°C.
Thereafter, immunoprecipitates were washed three times with ice-cold
RIPA buffer and pelleted. Pellets were denatured in 40 /Ll of 2 X

Laemmli sample buffer containing 5% SDS and 10% (v/v) l3-mercapto­
ethanol, electrophoresed through a 9% SDS-polyacrylamide gel, trans­
ferred to nitrocellulose, and exposed to autoradiographic film (Hyper­
film, Amersham).

l25I_MGSA Binding Assay-12 5 I -M GSA binding assays were con­
ducted as described previously (29). MGSA (1 ug), generously provided
by R+D Systems, was iodinated using the chloramine-T method. Rou­
tinely, a specific activity of 100 /LCi!/Lg was obtained, assuming a 100%
recovery. Cells were seeded at 2 X 105 cells/well in 24-well plates.
Forty-eight hours later the binding assay was performed. Prior to the
assay, cells were treated with 400 nM TPA, or ethanol as the vehicle
control, for 0, 15, 30, 60, or 120 min at 37°C. Cells were washed once
with ice-cold binding buffer (0.1 mg/ml ovalbumin, 30 mM Hepes/
DMEM). 125I-MGSA(20-30,000 cpm!well) was added to the cells and
they were rocked at 4 °C for 4 h. Cells were washed 3 times with ice-cold
binding buffer, the bound 125I_MGSA was eluted with 0.1 N NaOH, 1%
SDS, and counted in a ")I-counter(Beckman, Gamma 5500). Nonspecific
binding was defined as the amount of 125I_MGSA bound to the 3ASubE
P-3 cells in the presence of 50 ng/ml unlabeled MGSA, which has
previously been demonstrated to eliminate specific binding of 1251_
MGSA to these cells (29).



PKC Acti vation Enhances Receptor Phosphorylation and Degradation 10441

A

116
97

66

45

B

0 4 40 400 nM TPA 0 4 40 400 nM TPA

116
97

66

- 45

FIG. 1. TPA trea tme n t enhances the ph osph orylation of the IL-8RB in 3ASu bE P-3 cells. 3ASubE P-3 cells were la beled with
132P lorthophosphate as described und er "Ex perime nta l Procedures" a nd t reated with a n ethanol veh icle (0 n xt) 0 " increasin g concentrations of TPA
(4- 400 n xt) for 10 min a t 37 °C. Whole cell lysates wer e prepared a nd th e IL-8RB was immunopr ecipi tated from a n equa l number of tri chloroaceti c
ac id-prec ipita ble counts (5 X 106 cprn ), usin g affinity purified a nti -amino-te rm ina l peptid e polyclonal antibodies which recogni ze the IL-8RB .
lmmun oprecipitates wer e electrophoresed through a 9% SDS-polyac ry lamide gel, tran sblo tted onto a ni trocellulose membran e, and exposed to
a utora diographic film for a pproximate ly 16 h (A). After development, th e nitrocellulose memb ran e was a na lyzed by Western blot a na lysis , using
th e above menti oned a nt i-a mino-te rmina l peptide a ntibodies . Th e Western blot was developed using an a lka line phosphatase detection sys te m (B).
Molecular size sta nda rds , in kilodaltons , are shown on th e left . The position of th e IL-8RB is mark ed by a n arrow head .

Western Blot An alysis of the IL-SRB -Whole cell lysates (equal pro­
tei n per lan e) or IL-8RB immunop recipitates were electrophoresed
through a n 9% SDS-polyacrylam ide gel, t ransbl otted onto eithe r a
nitrocellulose or polyvinylid en e difluoride (PVDF) membran e (Bio-Rad)
a nd subjected to Western blot a na lys is using eithe r 2 Ilg/ml of th e rabb it
a nti-peptide a nt ibodies describ ed a bove or 0.25 ug/ml mouse mon o­
clonal a nti-IL-8RB (a kind gift from Richard Horuk a nd Ste ven Peip er) ,
Goat a nti-rabbit, or rabbit a nti-mouse, IgG whole molecu le conjuga ted
wit h a lka line pho sphatase (Sigma) was used at a 1:2000 dilution . Blots
wer e developed typi call y for 10-15 min a t pH 9.5 usin g bromochloroin­
doyl phosp ha te (Sigma) a nd nitro hlu e tetrazolium (Sigma ). Wher e
indicated , th e Triton X-100 insoluble pellet , which remains a fte r the
micro centrifuga tion , was wash ed twice with th e Triton X-100 buffer
th en solubilized in 2 X Laemmli sa mple buffer describ ed above a nd
subjec te d to West ern blot a nalysis.

Phosph oamino Acid An alysis-Phosph oamino ac id a na lys is was per­
form ed as describ ed by Boyle et al. (33 ). Briefly, the IL-8RB was immu­
noprecipitated from [:l2PJorthophosphate-la beled 3ASubE P-3 cells t hat
had been treated with 40 nxt TPA for 10 min. Th e immunoprec ipita tes
wer e electrophoresed through a 9% SDS -polyacrylamide gel, t ra ns blot­
ted onto a PVDF membran e a nd subje cte d to a utora diogra phy. After
a utora diography , th e band cor respondin g to th e IL-8RB was excised
from th e membrane, incub ated in the presence of 6 ~ I HCl for 1 h at
110 °C, lyoph ilized, the n elect rophoresed through a cellu lose thin layer
plate in two dim en sions (first dim en sion wa s in pH 1.9 buffer, th e
second dim en sion was in pH 3.5 buffer ). Pho sphoserine, phosp hothreo­
nin e, and phosphotyrosin e sta nda rds wer e included in th e loading
buffer . After electrophoresis, th e plates were sta ined with ninhydri n to
det ect th e positi on of th e phosphoamino acid sta nda rds th en exposed to
a utoradi ogr aphic film .

ff>SlMethionine/ Cys teine Labeling of the 3AS ubE P-3 Cells­
3ASubE P-3 a nd the parental 3ASubE cell lin es wer e gr own to conflu­
ence in 35-mm plates . Cells were rin sed twi ce wit h phosphate-buffer ed
sa line the n incubated with cysteine/methionine free-MEM (Life Tech­
nologies , Inc.) for 1 h at 37 °C, the cult ure medium was th en replaced
with cystein e/methionine-fr ee media conta ining 100 IlCi/m l [3f>S]cys _
tein e/methionin e (Tra n3 f>S-label, > 1000 Ci/mmol; ICN ). Cells wer e la­
beled for 6 h a t 37 °C. Cells wer e rinsed a nd fresh media containing
unl abe led cysteine/methion ine was added to th e cells. Cells wer e ei the r
untreated , or trea ted with MGSA (50 nxr ) or TPA (400 nxt ) for 2 h. Triton
X-100 extra cts wer e prepared a nd th e IL-8RB was immunoprecipitated
from an equal number of trichloroaceti c acid-precipi tabl e counts (2 X

107 cprn ), elect rophoresed through a 9% SDS-polyacrylamide gel, dri ed,
a nd exposed to autoradiogr ap hic film.

RESULTS

PKC Activation Enhances Phosphorylation of the IL-8RB­
Since severa l members of the G protein -coupled receptor fam ily
are targets for phosphorylation by PKC, direct activation stud­
ies were cond ucted to dete rmine if th e IL-8RB is al so phosph o­
ry lated in response to PKC activation. The 3ASubE P-3 cell line

is a clonally selecte d, stably transfected human placental cell
lin e which expresses th e IL-8RB, whereas th e parental
3ASubE cell lin e does not express this receptor. Previously we
have demonstrated that the IL-8RB expressed in th e 3ASubE
P-3 cells migrates a t approximately 45 kDa on an SDS-poly­
acrylamide gel (29). 3ASubE P-3 cells were lab eled with
[32PJorthop hosphate, th en treated in the presence of increa sing
concentrations of TPA for 10 min. Th e IL-8RB was immuno­
precipitated with affinity purified anti-amino-terminal peptide
polyclonal antibodies which recogniz e the IL-8RB (29). Th e
immunoprecipitates were elect rophoresed, th en ana lyzed by
au toradiography and Western blot analysis . TPA treatment of
the 3ASubE P-3 cells en hanced th e phosphorylation of th e
IL-8RB (Fig. lA ). Under th ese conditions, 40 and 400 nM TPA
were equally effect ive in stimulating th e ma ximal level of re­
ceptor phosphorylation. Treatment of the 3ASubE P-3 cells
with 4a-phorbol 12-myristate 13-acetate, th e inact ive isomer of
TPA, had no effect on the phosphorylation of th e IL-8RB (data
not shown). Typically in our immunoprecipitations of
[:l2PJorthop hosp hate-labeled 3ASubE P-3 cells , two labeled pro­
teins appear which migrate at approximately 97 kDa and be­
tween the 45- and 66-kDa molecular ma ss markers. We have
previo us ly demonstrated that these bands are nonspecifically
immun oprecipitated since they can be eliminate d by doubl e
imm un oprecipitations (29). Western blot analysis indicated
that approximately equal amounts of th e IL-8RB were immu­
noprecipitated from cells treated wit h th e va rious concen tra­
tions of TPA (Fig. IB ). Pho sphoamino acid analysis reveal ed
that TPA enhanced the phosphorylat ion of serine resid ueis) on
the IL-8RB (Fig. 2). Phosphorylation of th e IL-8RB in respon se
to PKC activation was not unique to stable transfectants of the
3ASubE cell line. Simi lar observations were noted in two other
stably transfected non -hematopoietic cell lines , namely the 293
huma n embryonic kidney epithe lia l cell line and th e Melan-A
mouse melanocyte cell line (data not shown).

Th e effect of th e diacylglycerol analogue diCs, a natural
activator ofPKC, on the phosp horylation state of th e IL-8RB in
the 3ASubE P-3 cells was also inv estigated. [32P10rthophos­
phate-labeled 3ASubE P-3 cells were treated in the presence of
20 or 200 JLM diCs for 10 min . For a comparison, 3ASubE P-3
cells were also treated with 40 n~1 TPA. Whole celllysates were
prepared and the IL-8RB was immunoprecipitated and ana­
lyzed by autoradiography and Western blot analysi s. As shown
in Fig. 3, diCs en hanced the ph osphorylation of the IL-8RB in
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FIG. 2. TPA treatment e n h a n ces the phosphorylation of the
IL-8RB on ser ine r esidues. Th e IL-8RB was immunopr ecipita ted
from 3ASubE P-3 cells which had been labeled with [3 2PJorthophos­
phate a nd treated with 40 nMTPA for 10 min . Th e immunoprecipitates
were electrophoresed through a 9% SDS- polyac ry la mide gel, transblot­
ted onto a PVDF membrane, a nd exposed to autoradiography . Th e ba nd
corr esponding to th e IL-8RB was excised from the membran e a nd
subjecte d to phosphoamino acid an alysis , as described under "Experi­
mental Procedures ." The posit ion of the phosphoamino acid sta ndards
have been traced onto the a utora diogr am.

uM diCe

FIG. 4. Concentration dependence of the MGSA-enhanced
phosp horylation of the IL-8RB. 3ASubE P-3 cells wer e labeled with
[

3 2PJor thophospha te as descri bed un der "Experimental Procedures"
a nd treated with a n acetonitrile vehicle (0 nxt) or increasing concentra­
tio ns of MGSA (0.5- 100 nxr) for 10 mi n at 37 °C. Whole cell lysates were
prepa red and the IL-8RB was im mun oprecipitated as described under
"Experi menta l Procedures ." Immunoprecipitates wer e electrophoresed
th rough a 9% SDS-polyac ryla mide gel , dried, an d exposed to a uto radio­
graphic film for a pprox imately 5 h. The position of the IL-8RB is
marked by a n arrow head .200

.... ...y
' . I--
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FIG. 3. Di Cs treatment enhances the phosphorylation of the

IL-8RB in 3ASubE P-3 cells. [3 2P10 rthop hosphate-la beled 3ASubE
P-3 cell s wer e treated with eithe r a n etha nol vehicle control (not
treated, NT), TPA (40 nxt), or diCs (20 or 200 t-tM) for 10 min at 37 °C.
Whole cell lysates were prepared an d th e IL-8RB was immunopr ecipi­
tated from an equa l nu mber of trichlo roacetic acid-precipitable counts
(5 x 106 cpm) as describ ed un der "Experimental Procedures." Immu­
noprecipitates were elect rop horese d through a 9% SDS-polyac ry la mide
gel, t ra nsblotted onto a nitrocellulose mem bran e, and exposed to a uto­
radiographic film for approximately 16 h. Th e position of th e IL-8RB is
marked by a n arrowhead .

the 3ASubE P-3 cells. Under the condit ions used for th ese
experiments, 200 iLMdiCs was more poten t than 20 iLMdiCs in
enhancing recepto r phosphoryla tion . Western blot an alysis re­
vea led that approximately equal am ounts of the IL-8RB were
immunoprecipitated from the treated and untreated samples
(data not shown).

Inhi bition, or Down-regul ation, of PKC Fails to Block the
MGSA-enhanced Phosphorylation of the Type B IL -BR-MGSA
has previously bee n demonstrated to enhance the phosphoryl­
ation of the IL-8RB on serine residue(s) (29). In itially, we
re ported enhanced recep tor phosphorylation in response to 5
nMMGSA (29). A more extensi ve analys is of th e concentration
dependen ce of MGSA on receptor ph osphorylation revealed
that 50 nMMGSA maximally increased receptor phosphoryla­
tion in the 3ASubE P-3 cells (Fig. 4). Basal phosphoryla tion of
the IL-8RB is not appa re nt in this figure du e to th e shorter
exposure t ime for this autoradioga m (approximately a 5-h ex­
posu re for Fig. 4 compared to a 16-h exposure used in Fig . 1).
Upon longer exposure of the gel shown in Fig. 4, the basal
phos phorylation of the receptor was apparen t (data not shown).
Since both MGSA and TPA enhanced the phosphorylation of
the IL-8RB on serine residuets), we postulated that PKC may
serve as a second messenger for the IL-8RB in response to
ligand binding. Studies including PKC inhibition or down-reg­
ulation were subseq uently conducted to fur ther elucidate a role
for PKC in this signaling pathway. 3ASubE P-3 cells were

pretreated with eithe r dimeth ylform am ide (vehicle control) or
50 nM sta uros porin for 2 h , afte r which the cells were treated
with 5 nMMGSA (or an ace tonit rile veh icle control) or 400 nM
TPA (or an EtOH veh icle control) for 10 min. As demonstrated
in Fig . 5, both MGSA and TPA enhanced th e phosphoryla tion of
the IL-8RB in cells which had been pretreated wit h the di­
methylformamide vehicle control. Pretrea tm ent with stauro­
sporin su ppressed the TPA-enha nced ph osph orylat ion of th e
IL-8RB , however , it had no apparen t effect on th e MGSA­
enhanced receptor ph osphorylation . A simila r response was
observ ed in cells which had been pr etrea ted with 400 nMTPA
for 40 h to down-regul ate PKC. Prolonged TPA treatment sup­
pressed th e TPA -enhanced phosphorylation, whereas it had no
effect on the MGSA-enhan ced phosphoryla tion of this receptor
(Fig. 5). Inhibition of PKC by staurosporin, or down-regul a tion
by prolonged TPA treatment also had no effect on the MGSA­
enhanced receptor phosphorylat ion wit h 50 nMMGSA (data not
shown). Interestingly, th e ba sal level of receptor phosphoryla­
tion wa s greate r in th e cells which had been pretreated wit h
TPA for 40 h. Similar results were obse rve d in cells trea ted
with 200 nM TPA for 24 h (data not shown). Since neith er
inhibition nor down-regulation of PKC sign ificantly alter ed th e
effect of MGSA on th e phosphorylation state of the IL-8RB ,
PK C isoforms which are sensi tive to these manipulations may
not pla y a role in the MGSA-enhanced phosphorylation of this
receptor.

Pertussis Toxin Treatm ent Suppresses the MGSA- enhanced
Phosphorylat ion of the IL-BRB-Previously we have demon­
strate d that th e IL-8RB expressed in the 3ASubE P-3 cells is
coupled , at least in part , to pertussis toxin- sensitive G pr otein s
(29). To determine wheth er th e MGSA-enhan ced receptor phos­
phoryla tion requ ired pertussis toxin-se nsitive G protein s , or
whether othe r G protein s participated in this pathway,
3ASubE P-3 cells were tre ated or not t reated with pertussis
toxin (l iLg/ml) during the 3-h labeling with [3 2P]orthophos­
phate. Cells were then treated in the abse nce or presence of 5
nM(40 ng/rnl ) MGSA or 400 nMTPA for 5 min, lysed in RIPA
buffer, and the IL-8RB was immunopr ecipitated . As demon­
strated in Fig. 6, pertussis toxin trea tm en t of th e 3ASubE P-3
cells suppresse d the MGSA-enhanc ed phosphorylation of the
IL-8RB. These da ta sugge st that pertussis toxin-sens it ive G
proteins particip ate in the MGSA-enhanc ed phosph oryla tion of
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FIG. 5. PKe inh ibitio n, or d own-regula tion, d oes n o t b lock the MGSA-enhanced phosph orylation of the IL-8RB. 3ASubE P-3 cells
were lab eled with [3 2Pl ort hophos phate for 3 h a t 37 °C. Durin g the final 2 h of this incu bation, cell s wer e trea ted wit h dimethylform am ide WMF,
vehicle cont rol) or 50 nMstauros porin . Alt ernatively, th e 3ASubE P-3 cells were cult ured in the pr esence of 400 nMTPA for 40 h a nd main tained
in TPA du rin g th e [3 2PJorthophosphate labeling period. Onc e lab eled , cells were treated with 5 nMMGSA , or a n aceto nitrile veh icle control , or with
400 nM TPA, or an et hanol vehicle control, for 10 min at 37 °C. Th e IL-8RB was immunop recipitated from wh ole celllysates, as described un der
"Ex peri me ntal Procedures ," elect rophoresed through a 9% SDS -polyacrylamide gel, dried, and expose d to a utoradiographic film for approximately
8 h . Th e posi ti on of the IL-8RB is indicated by the arrowhead.

F IG. 6. Pertussis toxin suppresses
the MGSA-enhanced phosphoryla­
tion of the IL-8R B in 3ASubE P-3
cells. 3ASubE P-3 cells wer e labeled wit h
[
3 2 PJorthophosphate in the pr esenc e of ei­

th er pertussis toxin ( I ug/ml ) or it s vehi­
cle for 3 h. Cells wer e subseque ntly
treated with MGSA (5 nM) or TPA (400
n xr) for 5 min at 37 °C. Wh ole cell lysates
were pr epared a nd the IL-8RB was irnmu­
noprecipitated from 5 X 106 trichloroace­
t ic ac id-pre cipitable counts/mi n. Immune­
pr ecipitates wer e a na lyze d as described .
Th e position of the IL-8RB is marked by
a n arrowhead .

+ +
+

+
+
+

MGSA (40 ng/ml)

Pertussis toxin (1 ug/ml)

TPA (400 nM)

the IL-8RB. As expected, pertussis toxin had no effect on the
TPA-enhanced phosphorylation of th e IL-8RB (Fig. 6). How­
ever, th ese data demonstrate that the concentration and dura­
tion of the pertussis toxin treatment was not toxic, nor did it
nonspecifical1y inhibit kinases within th e cel1s.

TPA Treatment Concomitantly Redu ces both 125I_MGSA
Binding to 3ASubE P-3 Cells and IL -8RB Protein Levels- 125I ­
MGSA binding as says were conducted to determine whether
IL-8RB phosphorylation in res ponse to TPA was accompanied
by a change in ligand bin ding to this receptor. 3ASubE P-3 cel1s
were treated with TPA (400 nM) for increasing periods of tim e
(0-120 min) prior to the in itiation of the binding assay. As
shown in Fig. 7A , there was a time-dependent decrease in total
bin ding of 125I_MGSA to the TPA-treated 3ASubE P-3 cel1s.
Pretreatment of the 3ASubE P-3 cel1s with TPA for 30 min
resulte d in app roximately 50% reduction in 125I_MGSA bin d­
ing, whereas a 2-h pretreatment essential1y reduced 1251_
MGSA bin ding to background leve ls. Thi s effect was transient;
125I_MGSA bin ding to the 3ASubE P-3 cel1s treated with 400
nM TPA for 24 h was equivalent to the 125I_MGSA binding to
untreated cel1s (data not shown).

Western blot analysis was conducted to det ermine if the
TPA-induced decr ease in 125I_MGSAbinding was accompanied
by a decr ease in the level of IL-8RB protein pr esent in the
3ASubE P-3 cel1s. Triton X-IOO extracts were prepared from
3ASubE P-3 cel1swhich had been treated for increasing periods
of t ime with 400 nMTPA. Western blot analysis of the extracts
(50 J.Lg of protein/lane) revealed a tim e-dependent decrease in

the amount of immun oreactive IL-8RB present in th e TPA­
treated cel1s (Fig. 7A, ins et) . A decrea se in th e level of IL-8RB
protein was notable after a 15-min treatment with 400 nMTPA
and it was maximal after a 2-h treatment. The effect of TPA on
receptor protein level was also concentration-dependen t. Tr eat­
ment of th e 3ASubE P-3 cel1s for 2 h with either 40 or 400 nM
TPA resulted in a significant decrease in the level of the IL­
8RB protein present in the whole cel1lysates (Fig. 78). Simil ar
to th e transient effect of TPA treatmen t on ligand binding to
the 3ASubE P-3 cel1s, th e effect of TPA on receptor protein
levels was also transient. Cel1s treated with 400 nMTPA for 24
h expressed th e same level of receptor protein as untreated
cel1s, as determined by Western blot analysis (da ta not shown).
DiCs treatment also resulted in a decrease in th e IL-8RB pro­
tein level in th e 3ASubE P-3 cel1s. Western blot ana lysis of
whole cel1 lysates (25 J.Lg of protein/lane) prepared from
3ASubE P-3 cel1s which had been treated with increasin g con­
centrations of diCs indicated that a 2-h treatment with 500 J.LM
diCs resulted in a decrease in the receptor protein level (Fig. 8).
Greater concentrations of diCs did not result in an increased
reduction of the IL-8RB protein level in the 3ASubE P-3 cel1s.
Under th ese conditions , the effect of diCs was not as potent as
the effect observed in response to 40 nMTPA (Fig. 8).

A similar experime nt was condu cted to det erm ine if MGSA
tre atment would alte r th e amount ofIL-8RB protein present in
the 3ASubE P-3 cel1s. Cel1s were treated with increasing con­
centrations ofMGSA (0-50 nM) for 2 h, Triton X-IOOextracts of
cel1s were prepared and subjected to Western blot ana lysis. For
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FIG. 7. TPA treatment of 3ASubE
P-3 ce ll s concomitantly reduces both
125I_MGSA binding and IL -8RB pro­
tein lev el s . A , 125I_MGSA bindin g to
TPA-treated 3ASubE P-3 cells . 3ASubE
P-3 cells wer e incubated with TPA (400
nM) or ethanol vehicl e, in OMEM for 0, 15,
30, 60, or 120 min prior to the binding
assay. 1251_MGSA (20- 30,000 cpm/we ll,
specific activity of 100 /LCi//Lg) was incu­
bated wit h th e 3ASubE 1'-3 cells in 100
/Lg/m l ovalbumin, 30 mxt HepesJDMEM
for 4 h at 4 °C. Cells were washed an d
counts were eluted with 0.1 N NaO H, 1%
SOS . Nonspecific bind ing was estimated
as th e bindi ng of '25I-MGSA in the pres­
ence of 50 ng/m l un labeled MGSA. Eac h
point represent s the mean of tri plicate
det erminations (standard deviations wer e
typ ically less than 10%). A, inset, TPA
ti me depen dence on receptor prot ein lev­
els. Triton X-I00 ext racts wer e prepa red
from 3ASubE P-3 cells which had bee n
treated wit h 400 nM TPA for increasing
periods of tim e. Fifty microgra ms of pro­
tein per lane was electro phoresed through
a 9% SOS -polyac ryla mide gel, transb lot­
ted onto a PVOF memb rane, and sub­
jected to West ern blot ana lysis. The posi­
tio n of the IL-8RB is marked by an
arrow head . B, TP A concentration depend ­
ence on receptor protein levels. 3ASu bE
1'-3 cells were treated wit h 0, 4, 40, or 400
nxt TPA for 2 h prior to extraction with
Tri ton X-lOO. Molecular size standa rds in
kiloda ltons are shown on the left . Th e po­
sition of the IL-8RB is marked by an
arrowhead.
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FIG. 8. DieH treatment reduces the IL-8RB protein level in

3ASubE P-3 cells. Tri ton X-lOO extracts were prepar ed from 3ASubE
1'-3 cells which had been t reat ed with an etha nol vehicle control (N T ),
TPA (40 n xi ), or increasin g concentrations of diCs (200- 800 /LM ) for 2 h
at 37 °C. Twenty-five microgram s of pro te in per lane was electrophore­
sed thro ugh a 9% SOS-polyacrylamide gel, tran sblotted onto a POVF
membrane, and subjected to Western blot ana lysis. Th e position of the
IL-8RB receptor is marked by an arrowhead .

FIG.9. MGSA treatment reduces the level of the IL -8RB pro­
tein in 3ASubE P-3 cells. Tri ton X-lOO extracts were prepa red from
eithe r the pa ren tal 3ASubE cell line or the 3ASubE P-3 cells which had
been treated with MGSA (0, 5,25, or 50 nxr) for 2 h at 37 °C. Twenty-five
microgram s of protein were electrophorese d through a 9% SOS-poly­
acrylamide gel, and tran sblotted onto a PVDF memb rane. The blot was
ana lyzed as described under "Experimental Procedu res." The position
of the IL-8RB is marked by an arrowhead .

comp arison , a Triton X-IOOextract of th e parental 3ASubE cell
line, which does not express the IL-8RB , was included in this
Western blot . Similar to TPA, MGSA treatment also resulted in
a concentrat ion-de pendent decrease in th e level of IL-8RB pro­
te in in the 3ASubE P-3 cells (Fig. 9). Thi s decrease wa s detect­
ab le after a 2-h treatme nt with 25 nM MGSA. Th e IL-8RB
presen t in th e lysates pr epared from cells treated with th e
greater concen tra tions of MGSA migrated at a slower rate,

consistent with hyperphosphorylation of this receptor. Under
th ese experimental conditions, th e amount of IL-8RB protein
pr esent in cells treated with 400 nxt TPA was consistently less
than the amount present in cells t reated with 50 nxt MGSA.

Th e decrease in immunoreactive IL-8RB protein present in
th e Triton X-IOO extracts of TPA- or MGSA-treated 3ASubE
P-3 cells could resu lt from the mobili zati on of thi s rece ptor to a
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FIG. 10. TPA or MGSA treatment of 3ASubE P-3 cells does not mobili ze the IL-8RB into a Triton X-IOO insoluble pool. 3ASubE P-3
cells were incubated in the presence of 50 nsi MGSA (or an acetonitrile vehicle contro\), or with 400 nMTPA (or an EtOH vehicle control) for 2 h
at 37 °C.Triton X-lOa extracts were prepared and 25 Mg of extract were electrophoresed per lane. Alternatively, the entire Triton X-lOa-insoluble
pellet from 3ASubE P-3 cells was resuspended in 2 x Laemmli buffer containing 5% SDS and 10% f3-mercaptoethanol and electrophoresed.
Proteins were transblotted and subjected to Western blot analysis as described. The migrat ion of the IL-8RB is indicated by the arrowhead.
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phosphorylation of the IL-8RB (Fig. 1ZA). Ph osphoamino acid
ana lysis reveal ed tha t , simila r to th e 3ASubE P-3 cells, MGSA
enhanced th e phosphorylation of serine residues on th e IL-8RB
expressed in th e U937 cells (data not shown). Th ere was no
evide nce for eithe r th reonine or ty rosine phosph orylat ion on
this receptor. Unlike the effect observ ed for MGSA, TPA treat­
ment, under these condit ions , did not appear to modulate the
phosphorylation state of th e lL -8RB expressed in U937 cells
(Fig. 1ZA). Western blot analysis of the immunoprecipitates,
using a mouse monoclonal anti-lL -8RB antibody, indicated
th at approximate ly equa l levels of receptor pr otein were im­
munoprecipitated from th e treated and untreated U937 cells
(Fig. 12B ). Gre ater concentrations of TPA (400 na ) also fail ed
to modulate the IL-8RB phosphoryla tion status (data not
shown). Similarly, treatment with diCs (200 j.LM) or l- oleoyl-z­
acetyl-sn-glycerol (200 j.LM), another diacylglycerol ana logue,
for 10 min fail ed to alte r th e phosphoryla tion state of this
receptor in th e U937 cells (data not shown).

Th e effect of MGSA trea tm en t and PKC activation on the
level of IL-8RB protein presen t in the differen t iated U937 cells
was also examined. U937 cells were treated wit h MGSA (50
nx), TPA (4 or 40 nsr), diCs (l0-100 j.LM), or the appropr ia te
vehicl e control for 2 h at 37 "C. Whole cell lysates were pre-

FIG. 11. TPA or MGSA treatment of th e 3ASubE P·3 cells re ­
sults in degradation of the IL-8RB. The parental 3ASubE cell line,
or the IL-8RB expressing 3ASubE P-3 cells were pulse labeled with
[35S1cysteine/methionine as described under "Experimental Proce­
dures." Cells were then chased with unlabeled cysteine and methionine
for 2 h in the absence or presence of MGSA (50 nxt) or TPA (400 nxt).
Triton X-lOa extracts were prepared and the IL-8RB was immunopre­
cipitated from an equal number of trichloroacetic acid-precipitable
counts (2 x 107

) , electrophoresed through a 9% SDS-polyacrylamide
gel, dried, and subjected to autoradiography. The migration of the
IL-8RB is indicated by the arrowhead.

Triton X-lOO insoluble pool. Such mobilization has previously
been reported for th e fMet-Leu-Phe receptor in response to
ligand binding in granulocyt es (34). Alternatively, the decrease
in receptor protein could be du e to an increa se in receptor
degradation . Two distinct approaches were tak en to address
th e question of receptor mobili zation versus degradation in
re sponse to TPA or MGSA treatment. First, to assess receptor
mobilization we examined both the Triton X-lOO soluble and
insoluble fra ctions of 3ASubE P-3 cells that had been treated
with MGSA (50 nxr), TPA (400 nst), or the appropriate vehicl e
controls for 2 h . Und er th ese conditions, we aga in detect ed
decreased levels oflL-8RB protein in th e Triton X-lOOextra cts
from cells treated with MGSA or TPA , as compared to the cells
treated with vehicl e, however, no apparent IL-8RB immunore­
acti vity was detectable in th e Triton X-100 insoluble pellets
(Fig. 10). A Coomassie stain of a polyacrylamide gel of Tri ton
X-100 insoluble pellets reveal ed that protein s from the insolu­
ble pellets did migrate through th e gel (data not shown). Th ese
data suggest that th e decrease in lL-8RB immunoreacti vity in
res ponse to MGSA or TPA treatment is not du e to th e mobili ­
zation of this receptor to a Triton X-100 insoluble pool.

Pulse-chase experiments were conducted to assess whether
MGSA or TPA stimula ted receptor degradation. Th e parental
cell line, 3ASubE, along with the 3ASubE P-3 cells were met­
abolica lly pulsed with eS S]cys tei ne/methionine (Tran35S-label,
l CN) for 6 h then chased in the pr esence of cold cysteine and
methionine in the ab sence or presence ofMGSA (50 nM) or TPA
(400 nM) for 2 h. As shown in Fig. 11, a decreased level of th e
lL-8RB was immunoprecipitated from th e MGSA- or TPA­
treated cells , as compared to the untreated 3ASubE P-3 cells,
suggesting that bot h MGSA and TPA stimula te receptor deg­
radation . As expected, th e IL-8RB was undetectable in the
35S-labeled parental 3ASubE cell line (Fig. 11).

Differential Effects of MGSA and TPA Treatment on the
IL-8RB Expressed in U937 Cells-Experiments were conducted
on the pr omonocyt ic cell line, U937 , as an initial a t tempt to
compare the signaling by MGSA through the lL-8RB , and th e
effect of PKC activation on this receptor in non-hematopoieti c
cell ty pes versus hematopoietic cell types. Previous studies
have demo nstrated that U937 cells , differentiated with retinoic
acid, express the endogenous lL-8 receptors (35). U937 cells
were treated with 1 j.LM retinoic acid for 5 days prior to exper­
imentation. Differentiated U937 cells were labeled with
[32P]or thophosphate, then treated in the absence or pr esence of
MGSA (50 nM) for 10 min or TPA (40 nxr) for 1-10 min. Whole
cell Iysates wer e prepared , the lL-8RB was immunoprecipi ­
tated, electrophoresed, transferred onto a nitrocellulose mem­
brane, th en analyzed by autoradiography and Western blot
analysis. MGSA treatment of the U937 cells enhanced th e
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FIG. 13. MGSA, TPA, or di C. treatment reduces the level of the
IL-8RB protein present in U937 cells. U937 cells were treated in th e
abse nce (-) or presence (+) of MGSA (50 nst), TPA (4 or 40 nst), diC.
0 0- 100 J.LM), or an EtOH vehicl e control (0 J.LM) for 2 h at 37 · C. Cells
were wash ed and whole celllysates were prepared using a Triton X-I00
buffer. The protein content of th e lysates were estimated (BCA, Pierce)
and 200 J.Lg of protein was immunoprecipit ated using 5 J.Lg of affinity
purified anti -amino-terminal rabbit polyclona l antibody. The immuno­
precipitates were electrophoresed thro ugh a 9% SDS-polyacry lamide
gel, transblotted, the n subjected to Western blot analysis using the
mouse monoclonal antibody .
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FIG. 12. MGSA, but not TPA, t reatmen t en h a n ces the phospho­
rylatio n of the IL-8RB in U937 cells. Differen tiated U937 cells were
labeled with [3 2 P lorthophospha te as described under "Experime ntal
Proced ures" and treated wit h an aceto nitrile vehicle control (AN),
MGSA (50 nxt) for 10 min , or TPA (40 nxt) for 1-10 min at 37 · C. Whole
cell lysa tes were prepa red an d the IL-8RB was immunopr ecipi ta ted
from an equal nu mber of trichloroacetic acid- preci pitable counts (5 X
106 cpm). Th e immunoprecipitates were elect rophorese d through a 9%
SDS-polyac ryla mide gel, tra nsblott ed onto a nitrocellulose membrane,
an d exposed to auto ra diographic film for approximately 16 h (A). After
developm en t , th e nit rocellulose membran e was ana lyzed by Western
blot ana lysis , usin g a mouse monoclonal an tib ody against the IL-8RB
(B).

pared, the IL-8RB was imm uno precipitated using the ra bbit
a nti-amino-terminal peptide anti body, and the immunoprecipi­
tates were subjected to Western blot ana lysis using the above
mentioned mouse monoclonal antibody. Resul ts from this ex­
perim ent (Fig. 13) indicated that MGSA treatment resulted in
a modest decrease in the IL-8RB protein level , whe reas TPA or
diCs treatment significantly reduced the level of IL-8RB pr o­
tein in the U937 cells .

DISCUSSION

Th e det ection of the IL-8RA and B mRNAs, by reverse tran­
scriptase-polymera se chain reaction, in a variety of MGSA- or
IL-8-respon sive non -hematopoietic cell types suggests that
th ese receptors may playa role in elicit ing the MGSA or IL-8
responses (29, 30). To investigate th e mechanism of signal
t rans duction through the IL-8RB and deter mine what facto rs
may modul ate signaling through thi s receptor in non-hemato­
poieti c cell typ es, we have previously establishe d a stably
transfected cell line , termed 3ASubE P-3, which overexpresses
thi s receptor (29). In this report we have demonstrated that
acti vation ofPKC enhanced the phosphoryla tion of the IL-8RB
on serine residue(s) in the 3ASubE P-3 cells . This response was
not unique to the 3ASubE cell line since PKC activation in two
other stably trans fecte d non-hem atopoietic cell lin es which
over express the IL-8RB also resulted in enhanced phosphoryl­
atio n of thi s receptor . Thus th e phosphorylation of the IL-8RB
which is mediated by PKC may be a generalized phenomena
throughout non-hematopoieti c cell types. Receptor phosphoryl­
atio n in response to PKC activation has been re porte d for
several memb er s of the G pr otein-coupl ed receptor family, in-

eluding the (XI- and l3-adrener gic receptors (31). Since PKC and
MGSA enhanced the phosphoryla tion of serine residuets) on
the IL-8RB, and furthermore, since PKC has been implic ated in
the signaling pathway of IL-8 in both neutrophils and lympho­
cytes (36- 38), experi ments were conducted to elucidate a role
for PKC in the MGSA-enha nced phosphorylat ion of the IL­
8RB. Under condit ions whe re the TPA-enhanc ed phosph oryla­
tion of the IL-8RB was suppressed, eithe r by stauros porin or
prolonged exposure to TPA, MGSA still increased the phospho­
rylation of this receptor . Thu s, PKC may not be involved in the
MGSA-enhanced phosphorylat ion of this receptor . Alterna­
tively, MGSA may elicit its signal through PKC isoformts ) not
inhibited by staurosporin or down-regulated by TPA un der our
experimental conditions, such as PKCe or PK C ~ (39). The sites
of rece ptor phosphorylation mediated by either PKC or MGSA
have not been determined. Based upon the proposed membr ane
topology of the IL-8RB, the re are 8 can didate serine resi dues in
the cytoplasmic carboxyl ta il of the rece ptor which may be
targetfs) for the PKC- or MGSA-mediated phosphorylat ion.
Th ere are no serine residues in the other intracellul ar domains
of the IL-8RB. Studies are currently underway to identify
which serine residuets) are phosphorylated.

Similar to the stable tran sfectants , MGSA treatment also
enha nced th e phosphorylation of the IL-8RB in U937 cells , a
promonocytic cell type which expresses th e endogenous IL­
8RB. In contrast to our obse rva tions in th e non-hem atopoietic
cell types , we wer e un abl e to detect TPA- or diCs-enh anced
phosphoryla tion of th e IL-8RB in U937 cells . One expla nation
for the differ ence in receptor phosph orylat ion in res ponse to
PKC activation in the stable trans fectants versus the U937
cells is that regulation of receptor phosphorylat ion by PKC is
different in monocytic cells versus the three differen t non­
hem atopoietic stable transfectants which we have examined. It
is conceivable that the effect of PKC activation on receptor
phosphorylat ion in non-hem ato poieti c cell types is mediated
through a secon d kinase which is activated by PKC. If such a
kinase is absent in U937 cells, this may explai n the lack of
IL-8RB phosphorylation in res ponse to PKC activation. In vitro
kinase assays should be useful to determ ine whethe r PKC is
capable of directly phosphorylat ing the IL-8RB.

Recen tly it has been reported that sti mulation of granulo­
cytes with TPA inhibits the IL-8 induced intracellul ar calcium
mobilizat ion (40). Th e respon se to TPA was rap id, requiring
only a 5-min preincubation with TPA to preven t the IL-8 effect
on calcium. It was propo sed that TPA treatment of the granu­
locytes may elicit it s effect through receptor phosphorylat ion,
internalization, or she dding. Receptor phosphorylation and in­
ternalization, in response to PKC activation, has been reported
for several memb ers of th e seven-tra ns membrane domain , G
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protein-coupled receptor family, including the 01- and l3-adre­
nergic receptors (41, 42), the angiotensin II receptor (43), and
the bombesin receptor (44). Although our experiments with the
3ASubE P-3 and other stably transfected non-hematopoietic
cell lines would be consistent with receptor phosphorylation
playing a role in the desensitization response to PKC activation
of the granulocytes, the U937 experiments described here do
not support this hypothesis. Recently it has been demonstrated
that PKC activation enhances the phosphorylation of Gai2,
resulting in an attenuated inhibition of the adenylyl cyclase
pathway (45). Since IL-8 and MGSA mediate their effects on
neutrophils via pertussis toxin-sensitive G proteins, and fur­
thermore, since it has been demonstrated that both the IL-8RA
and B can couple to Gai2 (46), the ability of PKC to attenuate
signaling by this route must also be considered as a means of
desensitizing granulocytes to IL-8.

The effects ofPKC activation on MGSA binding and receptor
protein levels in the 3ASubE P-3 and U937 cells appears to be
in striking contrast to effects described for the adrenergic re­
ceptors. PKC activation is associated with phosphorylation and
desensitization of the 01- and l3-adrenergic receptors, however,
it has not been reported to alter the agonist binding character­
istics of these receptors (41, 42). In contrast, we have shown
that TPA treatment of the 3ASubE P-3 and U937 cells results
in a rapid decrease in the amount of receptor protein present in
these cells. Furthermore, down-regulation, or degradation, of
the adrenergic receptors requires agonist occupation of the
receptor (31). The effect of PKC activation on the IL-8RB pro­
tein levels in the 3ASubE P-3 and U937 cells indicates that
receptor occupancy is not necessary for the degradation of this
receptor. Although the PKC-mediated degradation of the IL­
8RB is novel with respect to G protein-coupled receptors, PKC
has previously been demonstrated to stimulate the shedding of
several different cytokine and homing receptors, including the
IL-6, the tumor necrosis factor-o and -13, and the gp90MEL-14
receptors (47-50). Whereas it is unlikely that a seven-trans­
membrane domain receptor would be shed in response to PKC
activation, the overall effect would be similar for receptor deg­
radation and shedding; both would render the cell insensitive
to a subsequent cytokine challenge. Thus activation ofPKC via
different extracellular signals may initiate a negative feedback
loop for responses to various cytokines, whereby their respec­
tive receptors are either degraded or shed by the cell.

One caveat regarding the effect of PKC activation on the
IL-8RB protein level in U937 cells is that a single application of
TPA induces the differentiation of U937 cells to macrophages
(reviewed in Ref. 51). Thus one could argue that the effect of
TPA on the IL-8RB is a nonspecific effect mediated by the
differentiation process. In an attempt to discern a direct effect
of PKC on the IL-8RB protein in U937 cells, we restricted our
studies to 2 h, typically U937 differentiation occurs upon expo­
sure to TPA for 3-5 days. Also the effect of two natural PKC
activators, diCs and 1-oleoyl-2-acetyl-sn-glycerol, on the IL­
8RB protein level was investigated. Single application of either
of these two PKC activators fails to induce U937 differentiation
(52,53). Our studies demonstrate that a single 2-h treatment of
the U937 cells with 25 /LM diCs resulted in a decrease in the
IL-8RB protein. 1-Oleoyl-2-acetyl-sn-glycerol treatment also
elicited a modest decrease in the level of the IL-8RB protein
present in the U937 cells; the magnitude of this effect was
comparable to the effect observed in response to treatment with
MGSA (data not shown). Thus under conditions where one
would not anticipate that the U937 cells would be differenti­
ated, we have observed that treatment with either PKC acti­
vators or MGSA decreased the total amount of IL-8RB protein
present in these cells.

Reconstitution experiments have demonstrated that the IL­
8RA and -B couple to both pertussis toxin-sensitive G proteins
(Gai2 and Gaia) and pertussis toxin-insensitive G proteins (Ga14,
Ga15, GalS) (46). Since pertussis toxin treatment suppresses the
MGSA-enhanced phosphorylation of the IL-8RB, it is inferred
that this receptor couples to endogenous Gai family member(s)
in the 3ASubE P-3 cells and that activation of the kinasets)
which mediate the MGSA-enhanced phosphorylation of the
IL-8RB is mediated, at least in part, through the pertussis
toxin-sensitive G protein family. Candidate kinasets) which
may playa role in this phosphorylation include members of the
recently described G protein-coupled receptor kinase family
(54). Investigations into the potential role of these kinasets), in
response to MGSA, are currently underway.
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