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H-Ras Is Involved in the Inside-out Signaling Pathway of Interleukin-3—Induced
Integrin Activation

By Hirohiko Shibayama, Naoyuki Anzai, Stephen E. Braun, Seiji Fukuda, Charlie Mantel, and Hal E. Broxmeyer

The proto-oncogene product, p21s, has been implicated in
the cellular mechanism of adhesion, although its precise role
has been controversial. Numerous cytokines and growth-
factors activate Ras, which is an important component of
their growth-promoting signaling pathways. On the other
hand, the role of Ras in cytokine-induced adhesion has not
been elucidated. We therefore investigated the function of
H-Ras in the inside-out signaling pathway of interleukin-3
(IL-3)-induced integrin activation in the murine Baf3 cell line
after transfection of cells with either constitutively active,
dominant-negative, or wild-type H-Ras cDNAs. Adhesion of
Baf3 cells to fibronectin was induced by IL-3 in a dose-
dependent manner via very late antigen-4 (VLA-4; «41
integrins) and VLA-5 (a5B1 integrins) activation. On the
other hand, IL-4 did not induce the adhesion of Baf3 cells to
fibronectin, although IL-4 did stimulate the cell proliferation
of Baf3 cells. Constitutively active H-Ras-transfected Baf3
cells adhered to fibronectin without IL-3 stimulation through

transfected Baf3 cells showed significantly less adhesion
induced by IL-3 compared with wild-type and constitutively
active H-Ras-transfected Baf3 cells. Anti-B1 integrin anti-
body (clone; 9EG7), which is known to change integrin
conformation and activate integrins, induced the adhesion
of dominant-negative H-Ras-transfected Baf3 cells as much
as the other types of H-Ras-transfected Baf3 cells. 8-Br-
cAMP, Dibutyryl-cAMP, Ras-Raf-1 pathway inhibitors, and
PD98059, a MAPK kinase inhibitor, suppressed proliferation
and phosphorylation of MAPK detected by Western blotting
with anti-phospho-MAPK antibody, but not adhesion of any
type of H-Ras-transfected Baf3 cells, whereas U-73122, a
phospholipase C (PLC) inhibitor, suppressed adhesion of
these cells completely. These data indicate that H-Ras and
PLC, but not Raf-1, MAPK kinase, or the MAPK pathway, are
involved in the inside-out signaling pathway of IL-3-induced
VLA-4 and VLA-5 activation in Baf3 cells.

© 1999 by The American Society of Hematology.

VLA-4 and VLA-5, whereas dominant-negative H-Ras—

DHESION OF CELLS TO extracellular matrix proteins, of expression levels of integrins at the cell surface. Another is
such as fibronectin (FN), collagen, and laminin, hasregulation of the activity of integrins. Integrins are not always
profound effects on cell growth, differentiation, and gene able to bind to their ligands and must be activated by intracellu-
expression. Adhesion of cells to these extracellular matrixlar signals to bind to their ligands. The cytoplasmic domains of
proteins is mediated by integrins. At least 20 different integrinsintegrins are important for their activation from inside the €ell.
have been characterized to date, all of which are heterodimeriStimulating agents such as phorbol esters, calcium ionophores,
transmembrane proteins composed of @rsubunit that is ~chemoattractants, and aggregation of surface receptors induce
noncovalently associated withfasubunit at the cell surfade. ~ activation of integrins. This signaling pathway is called inside-
The integrins are capable of transducing biochemical signal§ut signaling’® Recently, some cytokines have been demon-
across the plasma membrane to regulate cellular functions; thigtrated to activate integrins. For example, steel factor in-
signaling pathway initiated by cell-matrix interactions is called duces mast cell adhesion to ENnterleukin-3 (IL-3), granu-
outside-in signaling. There are many reports regarding outlocyte-macrophage colony-stimulating factor (GM-CSF), and
side-in signaling, and protein tyrosine phosphorylation has beefteel factor activate very late antigen-4 (VLA-4) and VLA-5
implicated as playing a central role in this pathvidy. on human hematopoietic cell lines, MO7e and Tf-&nd
To achieve correct cellular function through cell-matrix thrombopoietin activates VLA-4 and VLA-5 on MO7e

interactions, the interactions between integrins and their ligand§®!!S* _
need to be regulated in a number of ways. One way is regulation Protein kinase C (PKC), phospholipase C (PLC), and phos-
phoinositide 3-OH kinase (Pl 3-kinase) are thought to be

involved in the inside-out signaling pathways upstream of the
cytoplasmic domains of integrifs. However, the precise

mechanism for these effects has not been elucidated, and
conflicting reports have recently been published. It has been
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Submitted June 8, 1998: accepted October 20, 1998. Conversely, it has been reported that a constitutively active
Supported by US Public Health Service Grants No. R01 DK53674,H-Ras inactivates integriri$. Because Ras is activated via
RO1 HL56416, and RO1 HL54037; by a project in P01 HL53586 from many cytokines, there is a possibility that it may have some role
the National Institutes of Health to H.E.B.; and by the scholarship for in inside-out signaling induced by these cytokines. No informa-

young investigator travel grant for 1997 Osaka University Medical tion about Ras involvement in cytokine induced inside-out
School Fund for International Exchange. signaling pathway has thus far been reported. For this reason,

Address reprint requests to Hal E. Broxmeyer, PhD, Walther Oncol-,, o investigated the function of H-Ras in the inside-out signal-
ogy Center, Indiana University School of Medicine, 1044 W Walnut St,. L . . s
. ) . A ing pathway of cytokine-induced integrin activation. In a

Room 302, Indianapolis, IN 46202; e-mail: hbroxmey@iupui.edu. gp Y Y 9

: 4 ) . )
The publication costs of this article were defrayed in part by page previous sturtlﬂ', We_ four;]d that ”‘. 3. aCtlvl?tf.d VLAf4 and
charge payment. This article must therefore be hereby mdikeder- VLA-5 on the murine hematopoietic cell line, Baf3, and

tisement”in accordance with 18 U.S.C. section 1734 solely to indicate induced adhesion of these cells to FN. In this study, we used
this fact. constitutively active, dominant-negative, and wild-type H-Ras—

© 1999 by The American Society of Hematology. transfected Baf3 cells to examine the effects of H-Ras on the
0006-4971/99/9305-0026$3.00/0 adhesion of these cells to FN.

1540 Blood, Vol 93, No 5 (March 1), 1999: pp 1540-1548


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V93.5.1540&domain=pdf&date_stamp=1999-03-01

H-Ras INVOLVEMENT IN INSIDE-OUT SIGNALING 1541

MATERIALS AND METHODS pL of the cell suspension was added to each of the FN-coated wells and
BSA-coated wells, which were centrifuged at 600 rpm for 1 minute to

- L . A . allow attachment of cells to the bottom of the wells, followed by
antibodies (Ha2/5 and 9EG?), anid integrin (R1-2), antt5 integrin incubation for 30 minutes at 37°C. Unattached cells were removed by

(5H.10'2.7)’ antiew '”t.egf'” (HQ'ZBS)’ their |sotype.-matched contro! washing twice with prewarmed RPMI-1640 medium containing 1%
antibodies, fluorescein isothiocyanate (FITC)-conjugated goat antlraESA. Adherent cells were solubilized with 1% sodium dodecy! sulfate
19G, aqd FITC—conjuggted mouse antlhamster I9G yvere purchased frorHnd radioactivity was quantitated inyacounter. The percentage of
Pharmingen (San Diego, CA)'_ Anti—H-Ras_antibody (F235) was adherent cells (percentage of input) was determined by dividing the
purchased from Santa Cruz Biotechnology, Inc (Santa Cruz, CA)

. .~ ~"activity in the adherent fraction by the radioactivity contained in 100 pL
Anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antlqu%f the initial labeled cell suspension as previously descried.

((?105) r\]/vas4z>i[gh;s:ggromt_t?lzdeag; Intt‘ (Kf;/?l(zebumrx’:yiz).t'gn(tj‘_ Cell lysis and immunoblotting. Cells were lysed in lysis buffer (20
phospho-p antivody and anti-p antibody o)/ Tris-HCI, pH 8.0, 137 mmol/L NaCl, 10% glycerol, 1% NP-40,

\';vere ptl){rchelsed fror’:1L gewdEnglandlLBlllolabs, Inc h(Bevde:cly, Mlﬁg)L.Dl mmol/L phenylmethylsulfonyl fluoride, 0.15 U/mL aprotinin, 10
Sectom |n?n mlvtl)_use § l_anM'r;TouHse ) ¥y§re pu;c ase romh dmmoI/L EDTA, 10 pg/mL leupeptin, 200 mmol/L sodium fluoride, and
ystems, Inc (Minneapolis, ). Human fibronectin was purchase 2 mmol/L sodium orthovanadate). After 30 minutes on ice, insoluble

g,og,] Colll_aboratlvehBloihetmlcsalB(Be/zAd'\f/logd,6 M;‘)O 8d-_kkJJrotm0| atgjenosme fractions were removed by centrifugation at 14,000 rpm for 10 minutes
S -g)_/é:’m mlpnop osphaeh( t- r-I(D:'b ; )’INAI-VII; : uzj/ry ateno-_ (whole cell lysate). Whole cell lysates were separated by sodium
sine 3:5'-cyclic monophosphate (Dibutyryl-c ). and wortmannin dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and

were purchased from Sigma Chemical Co (St Louis, MO). H-7, A . . -
. . transferred to polyvinylidene difluoride (PVDF) membrane (Millipore
U-73122, and U-73343 were purchased from Calbiochem (San Diego, poyviny ( ) (Millip

CA). PD98059 hased f New Enaland BioLabs | USECorp, Bedford, MA). Membranes were blocked in Tris-buffered saline
): was purchased from New Engiand bIoL.abs Inc. p containing 0.5% Tween 20 and 2% BSA at room temperature for 1.5

H_-Ras @ const|tut|\(ely active ty pe. a domlnaqt-p egative type, and_th%ours and incubated with appropriate primary antibodies for 1.5 hours.
v_wId-type?, eukaryotic expressmn ve_ctor containing H-Ras @ ConStItu-Blots were visualized using horseradish peroxidase (HRP)-conjugated
tively active type, a domlnant-negatlve.type, and the wild-type) cDNA secondary antibodies and an enhanced chemiluminescent system (ECL;
under the control of the cytomegalovirus (CMV) promotor, and the Amersham). To reprobe with another primary antibody, membranes
neomycin resistance gene with the SV40 promotor were purchaseg{,ere incubated in stripping buffer (62.5 mmol/L Tris, pH 6.7, 100

from Upstate Biotechnology (Lake Placid, NY). The constitutively mmol/L 2-mercaptoethanol, 2% SDS) at 70°C for 1 hour, washed, and
active type H-Ras mutation is a substitution of leucine for glutamine aty, .\ sed for further study.

position 6115 The dominant-negative type H-Ras mutation is a substitu-

; . ) S0

tion of asparagine for serine at P‘?S'“O” £7. o . of antibody at 4°C for 30 minutes and then washed twice in PBS. Cells
Cells and cell cuIture: The murine hematopoietic cell line, Baf3a were incubated with 0.4 uL of FITC-conjugated goat antirat IgG or

factor-dependent cell line requiring IL-3 or IL-4 for both growth and FITC-conjugated mouse antihamster IgG at 4°C for 30 minutes, washed

survival was used. Baf3 cells were cultured in RPMI-1640 medium o in PBS. and analyzed by flow cytometry using a FACScan flow
supplemented with 10% fetal calf serum (FCS) and 100 pg/mL MOUS&ytometer (Becton Dickinson, Sunnyvale, CA).

IL-3 or 1 ng/mL mouse IL-4. The optimal concentrations of these " |qnibition of adhesion by anti-integrin antibodiesUsing anti-
cytokines were determined in preliminary experiments. The plasmidqntegrin antibodies (Abs; anpd integrin [clone: Ha2/5], anii4
were transfected into Baf3 cells by electroporation. Stable transfectantr?]tegrin’ antie5 integrin, and antixv integrin), we evaluated the role of
were selected by antibiotic G418 (1 mg/mL; GIBCO BRL, Grand gach N receptor for cell adhesion by the ability of each antibody to
Island, NY) and analyzed. These cells were washed and incubated ipyhibit adhesion. A concentration of 10 pug/mL of each antibody, which
RPMI-1640 medium with 1% bovine serum albumin (BSA; Sigma) \yas found to be an effective amount, was used for the inhibition assays.
without growth factors for 16 to 18 hours to growth factor-starve the The growth factor-starved transfected Baf3 cells were labeledSiith
cells and were used for the following experiments. and incubated at 37°C for 30 minutes in the absence or presence of these
[*H]-thymidine incorporation assay.The growth factor-starved  aps or their isotype-matched control Abs. Cells were subsequently
Baf3 and all transfected Baf3 cells in RPMI-1640 medium with 10% transferred to FN-coated wells and incubated for an additional 30
FCS were plated (0.2 mL/well) at a density oP2 10" cellsiwell in  minutes at 37°C with or without 0.1 ng/mL IL-3, and the percentage of
96-well tissue culture flat-bottom plates (Corning-Costar, Ann Arbor, gdherent cells was measured as noted above.
MI) with or without IL-3 or IL-4 and cultured for 2 days. DNAsynthesis  |nhibition of proliferation and adhesion by the inhibitors of Ras,
was determined by the addition ofH]-thymidine (0.5 pCifwell;  Raf-1, MAPK kinase, and MAPK pathwayTo investigate downstream
Amersham, Arlington Heights, IL) for the final 6 hours of the culture. events of H-Ras in the inside-out signaling pathway of IL-3—-induced
The cells were harvested onto glass-fiber filters and the amount ofntegrin activation, the effects of inhibitory compounds of Ras, Raf-1,
incorporated radioactivity was determined by liquid scintillation MAPK kinase, and MAPK pathway were evaulated. We selected
counting. 8-Br-cAMP and Dibutyryl-cAMP as inhibitors of the Ras-Raf-1 path-
Adhesion assay.Human FN and BSA were diluted in phosphate- way920and PD98059 as an inhibitor of MAPK kina¥To examine
buffered saline (PBS). One hundred microliters of 20 pg/mL FN wasthe effects of these inhibitors on proliferation, the growth factor-starved
distributed in 96-well tissue culture flat-bottom plates. After overnight transfected Baf3 cells were precultured with or without 1 mmol/L
incubation at 4°C, the coated wells were washed twice with PBS and-Br-cAMP or 1 mmol/L Dibutyryl-cAMP or 10 and 50 pmol/L
100 pL of PBS with 1% BSA was added and plates were incubated aPD98059 for 1 hour, and the cells were used féH]{thymidine
37°C for 1 hour to block nonspecific binding. At the same time, 100 L incorporation assay as described above. To examine the effects of these
of PBS with 1% BSA was distributed in other wells and incubated atinhibitors on adhesion, the growth factor-starved transfected Baf3 cells
37°C for 1 hour to act as control wells. The wells were then washedwere labeled wit'Cr and incubated at 37°C for 30 minutes to 3 hours
twice with PBS. The growth factor-starved Baf3 and all transfectedin the absence or presence of 1 mmol/L 8-Br-cAMP or 1 mmol/L
Baf3 cells were used for the adhesion assay. The cells were labeled witDibutyryl-cAMP, or 10 and 50 pmol/L PD98059. Cells were subse-
51Cr (100 pCi/3x 107 cells; Amersham) for 1 hour at 37°C with quently transferred to FN-coated wells and incubated for an additional
RPMI-1640 medium containing 1% BSA. Cells were washed twice and30 minutes at 37°C with or without 0.1 ng/mL IL-3, and the percentage
resuspended at 8 10° cells/mL in the same conditions. A total of 100 of adherent cells was measured as noted above. The optimal concentra-

Antibodies, cytokines, chemicals, and plasmidanti-B1 integrin

Flow cytometric analysis. Cells (5 1CP) were incubated with 2 pg
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tions of each inhibitor compound tested were determined in preliminaryproliferation capacity of the constitutively active type H-Ras—
eXper_ifT)_entS- _ o _ transfected Baf3 cells was the same as the other types of Baf3
Inhibition of adhesion by inhibitor compoundsTo examine the  gl|s. The proliferation capacity of the dominant-negative type
potential mechanisms of inside-out signaling of IL-3—induced cell H-Ras-transfected Baf3 cells was the same as the wild-type
adhesion to FN, the effects of different inhibitor drugs on adhesion Werﬁi-Ras—transfected Baf3 cells and the nontransfected Baf3 cells
tested. PI-3 kinase inhibitor, wortmannin (100 nmol/L), PKC inhibitor, These data are consistent with the data of others showing thai

H-7 (50 pmol/L), and PLC inhibitor, U-73122(1 umol/L), were used ) - . o CS
as inhibitor compounds. U-73433 (1 pmoliL), a close analog of this same dominant-negative type H-Ras exhibited no inhibitory

U-73122, was also tested. The growth factor-starved transfected Bafgffect on IL-3—dependent proliferation of Baf3 cells, as assessed
cells were labeled with'Cr and incubated at 37°C for 30 minutes inthe by an increase in cell numbers and mitochondrial enzyme
absence or presence of those inhibitor compounds. Cells were subsectivity.2* We also investigated the proliferation effects of IL-4
quently transferred to FN-coated wells and incubated for an additionaln these cell lines. As shown in Fig 3A, the nontransfected Baf3
30 minutes at 37°C with or without 0.1 ng/mL IL-3, and the percentagecgl|ls and all types of H-Ras—transfected Baf3 cells had a

of adherent cells was measured as noted above. The optimal concentrgz , iterative response to IL-4 stimulation. This result serves as
tions of each inhibitor compound tested were determined in preliminar ; . .
control for studies reported in the next section.

experiments. . . . . .

Adhesion by antBl integrin antibody (clone; 9EG7).Anti-B1 Adhesion capacity. As shown in Fig 281 the wild-type
integrin antibody (clone; 9EG7) is known to change the integrin H-Ras—transfected Baf3 cells adhered to FN in the same manner
conformation from outside of cells and induce the cells’ adhe®ion. as nontransfected Baf3 cells in low concentrations of IL-3
Using this antibody, we evaluated effects of H-Ras on cell cytoskeletor(<<0.01 ng/mL), whereas in high concentrations of 1L=30(1
or signal transduction pathways from the integrins that need to beng/mL), the adhesion of the wild-type H-Ras—transfected Baf3
activated for cells to adhere to FN. A concentration of 5 pg/mL of this cells increased significantly compared with nontransfected Baf3
antibody, which was found to be an effective amount, was used for thg.g||s. The constitutively active type H-Ras—transfected Baf3
adhesion assay. The growth factor-starved Baf3 and all transfected Baféells adhered to EN without IL-3 stimulation. IL-3 induced

;?gzev::i;eé?tzﬁ:seim:ﬁ;a;d&ﬁ;s:;ﬂZ:fhzé:ég;ﬁ%lr::tlijéiz;n tg:“additional adhesion to FN of the constitutively active type
: -Ras—transfected Baf3 cells, and in high concentrations of

were subsequently transferred to FN-coated wells and incubated at ’ . e
37°C for an additional 30 minutes, and the percentage of adherent celld--3 (>0.01 ng/mL), the adhesion capacity of the constitutively

was measured as noted above.

active type H-Ras-transfected Baf3 cells was same as the

Statistical analysis. Statistical analysis was performed using a wild-type H-Ras—transfected Baf3 cells. The adhesion capacity

two-sampléd-test.

RESULTS

of the dominant-negative type H-Ras-transfected Baf3 cells
was significantly less than that of the other types of Baf3 cells.
As shown in Fig 3B, neither nontransfected Baf3 cells nor any

H-Ras expression. As shown in Fig 1, overexpression of type of H-Ras-transfected Baf3 cells showed any significant
H-Ras was seen in all types of H-Ras—transfected Baf3 cell&@dhesion to FN in response to IL-4 stimulation. However, Baf3

compared with nontransfected Baf3 cells.

Proliferation capacity. As shown in Fig 2A, the wild-type

cells, which proliferate in medium containing IL-4 (see Fig 3A),
did show adhesion to FN induced by IL-3 in the same manner as

H-Ras-transfected Baf3 cells proliferated in the same IL-3the Baf3 cells maintained in medium containing IL-3.
dose-dependent manner as nontransfected Baf3 cells. The Integrin expression and function.Expression of integrins
constitutively active type H-Ras—transfected Baf3 cells prolifer- (81, a4, o5, andav) was analyzed by flow cytometry. Baf3
ated without IL-3 stimulation. IL-3 induced additional prolifera- cells expressed integripl, a4, anda5, whereas there was no
tion of the constitutively active type H-Ras—transfected Baf3expression ofuv integrin on the cells. As shown in Fig 4A, there

cells. In high concentrations of IL-3>(0.1 ng/mL), the

Blot : anti-H-Ras antibody

i D WS @ ——  H-Ras

Re-blot : anti-GAPDH antibody
- TEEEe sssse s> <—— GAPDH

Bafdfc  Wild type Constitutively Dominan-
active negatlve

Fig 1. H-Ras expression in nontransfected Baf3 cells (designated
as Baf3/c) and wild-type, constitutively active type, and dominant-
negative type H-Ras-transfected Baf3 cells (designated as wild-type,
constitutively active, and dominant-negative, respectively). Cells
were lysed in lysis buffer, separated by 15% SDS-PAGE, immunoblot-
ted with anti-H-Ras antibody, and then stripped and reblotted with
anti-GAPDH antibody (as an internal control). This is a representative
result of three independent experiments.

were no remarkable differences in expression of any of these
integrins between nontransfected Baf3 cells and any type of
H-Ras-transfected Baf3 cells. We have previously shown using
blocking Abs against integrigd, a4, o5, andav that IL-3
activated VLA-4 and VLA-5 on the Baf3 cells and induced the
adhesion of these cells to Fi¥To analyze the role of integrins

in adhesion of transfected Baf3 cells to FN, inhibition of
transfected Baf3 cells adhesion to FN was analyzed using
blocking Abs against integrifd, a4, o5, andav. As shown in

Fig 4B, antiBl integrin antibody blocked the constitutively
active type H-Ras-transfected Baf3 cells adhesion to FN and
also completely blocked any type of H-Ras—transfected Baf3
cells adhesion to FN induced by IL-3. Whereas atiintegrin
antibody or antie5 integrin antibody blocked adhesion only
partially, simultaneous addition of both awi# integrin and
anti-o5 integrin antibodies blocked adhesion completely. Auti-
integrin antibody showed no inhibitory effect on adhesion.
These results suggest that adhesion of any type of H-Ras—
transfected Baf3 cells is mediated by activation of VLA-4
(«4B1) and VLA-5 @5B1) integrins.
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[®H]-thymidine incorporation (A) and adhesion to FN (B) of nontransfected Baf3 cells (designated as Baf3/c), wild-type H-Ras-

transfected Baf3 cells (designated as wild-type), constitutively active type H-Ras-transfected Baf3 cells (designated as constitutively active), and
dominant-negative type H-Ras-transfected Baf3 cells (designated as dominant-negative) in the presence or absence of various concentrations of
IL-3. Data represent the mean (xSD) of triplicate samples from one of three representative experiments. *P value (P < .01) comparing
proliferation or adhesion with those of wild-type H-Ras-transfected Baf3 cells.

8-Br-cAMP, Dibutyryl-cAMP (cAMP), and PD98059 inhibit PD98059, inhibited IL-3—induced proliferation of any type of
proliferation and phosphorylation of MAPK but not adhesion of H-Ras—transfected Baf3 cells. However, cAMP and PD98059
H-Ras-transfected Baf3 cellsAs shown in Fig 5A, both
cAMP and PD98059 inhibited proliferation of the constitutively H-Ras—transfected Baf3 cells (Fig 5C). These results indicate
active type H-Ras—transfected Baf3 cells. We also examinedhat Raf-1, MAPK kinase, and the MAPK pathway might not be
effects of these compounds on phosphorylation of MAPK byinvolved in inside-out signaling of IL-3—induced integrins’
Western blotting with anti—-phospho-MAPK antibody, which activation in Baf3 cells.
U-73122 (a PLC inhibitor) suppresses adhesion of trans-
cAMP and PD98059 suppressed phosphorylation of MAPK offected cells to FN. In our previous stud¥; neither PI-3 kinase
the constitutively active type H-Ras—transfected Baf3 cells andnhibitor, wortmannin, nor PKC inhibitor, H-7, inhibited IL-3—
all types of H-Ras—transfected Baf3 cells stimulated by IL-3.induced adhesion of Baf3 cells to FN. However, PLC inhibitor,

only recognizes phosphorylated MAPK. As shown in Fig 5B,

These results strongly suggest that cAMP and PD98059 hatll-73122, did suppress this adhesion. The effects of these same

showed no inhibitory effects on adhesion to FN of any type of

inhibitory effects on Ras, Raf-1, MAPK kinase, and the MAPK inhibitory compounds were tested on the adhesion of the
pathway. On the other hand, interestingly, cAMP, but nottransfected Baf3 cells. As shown in Fig 6, wortmannin and H-7
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[®H]-thymidine incorporation (A) and adhesion to FN (B) of nontransfected Baf3 cells (designated as Baf3/c), wild-type H-Ras-

transfected Baf3 cells (designated as wild-type), constitutively active type H-Ras-transfected Baf3 cells (designated as constitutively active), and
dominant-negative type H-Ras-transfected Baf3 cells (designated as dominant-negative) in the presence or absence of IL-4 or IL-3 (as a control).
Data represent the mean (+SD) of triplicate samples from one of three representative experiments. *Pvalue (P < .01) comparing proliferation or
adhesion induced by cytokines with those of no cytokine stimulation.
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- = - ! g 4. Integrin expression and function. In (A), expression of inte
5; _ fv::s:"“sv(emc)"ve ) grins (B1, a4, o5, and av) was analyzed by flow cytometry. Nontrans-
—_ ? -,- Domi::m_negawe L3 fected Baf3 cells (designated as Baf3/c), wild-type H-Ras-transfected
5 60 — % g/é;'? Baf3 cells (designated as wild-type), constitutively active type H-Ras—
% //% Zg transfected Baf3 cells (designated as constitutively active), and domi-
S Z% é% nant-negative type H-Ras-transfected Baf3 cells (designated as domi-
° g% Zg nant-negative) expressed integrin B1, a4, and a5, whereas there was
< t0— gé Zé no expression of av integrin on the cells. There were no remarkable
2 %/ %/, differences in any of these integrins between nontransfected Baf3 cells
5 = Z hibit
o %/? %/% / and any type of H-Ras-transfected Baf3 cells. In (B), inhibition of
: = § vy oot -
c %/% %%% f%/ constitutively active type H-Ras-transfected Baf3 cells adhesion to FN
g 20— g%% Zﬁ% %é without IL-3 stimulation and constitutively active type H-Ras-trans-
% é%% Zg% é% fected Baf3 cells, wild-type H-Ras-transfected Baf3 cells, and dominant-
< é%% Z%% é? negative type H-Ras-transfected Baf3 cells adhesion to FN induced by
é%% éé% Z% IL-3 by blocking Abs against integrin-a4, &5, and B1 was examined.
o ; Zéé %éé %/ ‘ ! Da?a represgnt the means (xSD) of triplicate samples from a rep_r?sen—
c | Ab Anti-a tative experiment of three. None of the Abs had an effect on viability of
(ﬂzt,:?ster) Anti-B1  Anti-av C‘”(‘,‘{g',)‘“’ Anti-od  Anti-g5 AT the cells. *P value (P < .01) comparing adhesion blocked by each

Anti-o5 anti-integrin antibody with that of a control antibody.

did not suppress constitutively active type H-Ras—transfectedaf3 cells. We examined the effects of U-73122 on IL-3—
Baf3 cells’ adhesion or adhesion of any type of H-Ras—induced cell survival using merocyanine 540 (MC540) staining,
transfected Baf3 cells induced by IL-3. The wortmannin usedwhich can detect the early apoptotic state of c&lisnd found
here showed inhibitory activity on another cytokine-induced that there was no difference in the percentage of apoptotic cells
cell adhesion system. In contrast, U-73122 did suppress thigvith and without U-73122.

adhesion. U-73433, a closely related analog of U-73122 that Anti-B1 integrin antibody (clone; 9EG7) induces adhesion of
does not inhibit PLC, showed no inhibitory effect on adhesion.any type of Baf3 cells to FN.As shown in Fig 7, the an{1

This suggests that PLC, but not PI3-kinase or PKC, is involvedintegrin antibody induced the adhesion to FN of the dominant-
in inside-out signaling of IL-3—induced integrin activation in negative type H-Ras-transfected Baf3 cells as efficiently as
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Fig5. Effects of Raf-1, MAPK kinase, and MAPK pathway inhibitor compounds on the proliferation (A), the phosphorylation of MAPK (B), and
the adhesion (C) of constitutively active type H-Ras-transfected Baf3 cells (designated as constitutively active) without IL-3 stimulation and
constitutively active type H-Ras-transfected Baf3 cells, wild-type H-Ras-transfected Baf3 cells (designated as wild-type), and dominant-negative
type H-Ras-transfected Baf3 cells (designated as dominant-negative) induced by IL-3. In (A), [?H]-thymidine incorporation of those transfected
Baf3 cells in the absence or presence of either 1 mmol/L 8-Br-cAMP, 1 mmol/L Dibutyryl-cAMP, or 50 pmol/L PD98059 was measured. Data
represent the means (xSD) of triplicate samples from a representative experiment of three. In (B), the factor-starved transfected Baf3 cells were
incubated at 37°C for 3 hours in the absence or presence of either 1 mmol/L 8-Br-cAMP, 1 mmol/L Dibutyryl-cAMP, or 50 pwmol/L PD98059 and
incubated for an additional 15 minutes with or without 0.1 ng/mL IL-3. Cells were lysed in lysis buffer, separated by 11.25% SDS-PAGE,
immunoblotted with anti-phospho-MAPK antibody, and reblotted with anti-MAPK antibody to detect the total MAPK levels. Anti-MAPK
antibody used here recognized only p42 MAPK of Baf3 cells. This is a representative result of three independent experiments. In (C), transfected
Baf3 cells were labeled with 51Cr and incubated at 37°C for 3 hours in the absence or presence of either 1 mmol/L 8-Br-cAMP, 1 mmol/L
Dibutyryl-cAMP, or 50 pmmol/L PD98059. Cells were subsequently transferred to FN-coated wells and incubated at 37°C for an additional 30
minutes with or without 0.1 ng/mL IL-3, and the percentage of adherent cells was measured. Data represent the means (xSD) of triplicate
samples from a representative experiment of three. *P value (P < .01) comparing each treatment with the control.

nontransfected Baf3 cells as well as the other types of H-Ras— DISCUSSION

transfected Baf3 cells. These data suggest that H-Ras may not |, the present study, we investigated the function of H-Ras in
affect cell cytoskeleton or the signal transduction pathwayshe cytokine-induced integrin activation. IL-3, but not IL-4,
from the integrins that need to be activated for these cells tanduced the adhesion of Baf3 cells to FN. H-Ras is known to be
adhere to FN. However, this does support a role of H-Ras imactivated by IL-3, but not IL-4527 We also examined H-Ras
inside-out signals. activity with IL-3 stimulation using a Ras-GTP binding assay
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Fig 6. Effects of inhibitor compounds on constitutively active type
H-Ras-transfected Baf3 cells (designated as constitutively active)
adhesion to FN without IL-3 stimulation and constitutively active
type H-Ras-transfected Baf3 cells, wild-type H-Ras-transfected Baf3
cells (designated as wild-type), and dominant-negative type H-Ras-
transfected Baf3 cells (designated as dominant-negative) adhesion to
FN induced by IL-3. Those transfected Baf3 cells were labeled with
51Cr and incubated at 37°C for 30 minutes in the absence or presence
of 100 nmol/L wortmannin, 1 pmol/L U-73122, 1 pmol/L U-73433, or
50 wmol/L H-7. Cells were subsequently transferred to FN-coated
wells and incubated for an additional 30 minutes at 37°C with or
without 0.1 ng/mL IL-3, and the percentage of adherent cells was
measured. Data represent the means (=SD) of triplicate samples from
a representative experiment of three. None of the inhibitor com-
pounds had an effect on viability of the cells. *P value (P < .01)
comparing adhesion blocked by U-73122 with control adhesion.

and found that H-Ras was activated by IL-3 in Baf3 cells (data
not shown). Furthermore, the dominant-negative type H-Ras
transfected Baf3 cells showed significantly less adhesion in-
duced by IL-3 compared with the wild-type and the constitu-
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| |

Adherent cells (% of Input)
3
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Constitutively Dominant-
Active negative

Baf3/c Wild type
Fig 7. Induction of the adhesion to FN of nontransfected Baf3 cells
(designated as Baf3/c), wild-type H-Ras-transfected Baf3 cells (desig-
nated as wild-type), constitutively active type H-Ras-transfected Baf3
cells (designated as constitutively active), and dominant-negative
type H-Ras-transfected Baf3 cells (designated as dominant-negative)
by anti-B1 integrin antibody (clone; 9EG7). These Baf3 cells were
labeled with 5:Cr and incubated at 37°C for 30 minutes in the presence
of 5 mg/mL of anti-B1 integrin antibody (clone; 9EG7) or isotype-
matched control antibody. Cells were subsequently transferred to
FN-coated wells and incubated at 37°C for an additional 30 minutes,
and the percentage of adherent cells was measured. Data represent
the means (+SD) of triplicate samples from a representative experi-
ment of three. *P value (P < .01) comparing adhesion induced by
anti-B1 integrin antibody with the control antibody.
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tively active type H-Ras—transfected Baf3 cells. On the other
hand, antig1 integrin antibody (clone; 9EG7), which is known

to change integrin conformation from outside of the cells and
activate, induced the adhesion of the dominant-negative type
H-Ras-transfected Baf3 cells as much as the other types of
H-Ras—-transfected Baf3 cells. From these data, it is demon-
strated that H-Ras is involved in the inside-out signaling
pathway of IL-3—induced integrin activation in Baf3 cells.

To examine downstream events of H-Ras in the inside-out
signaling pathway of IL-3-induced integrin activation, we
focused on the roles of Ras, Raf-1, MAPK kinase, and the
MAPK pathway. We used 8-Br-cAMP and Dibutyryl-cAMP as
inhibitors of the Ras-Raf-1 pathway and PD98059 as an MAPK
kinase inhibitor and tested the effects of these inhibitors on the
adhesion of the transfected Baf3 cell lines. These inhibitors
showed no suppressive effects on adhesion, which suggests that
Ras, Raf-1, MAPK kinase, and the MAPK pathway might not
be involved in the downstream events of H-Ras in the inside-out
signaling pathway of IL-3—induced integrin activation in Baf3
cells. Our data suggest that H-Ras, but not Ras, Raf-1, MAPK
kinase, and the MAPK pathway, is involved in the inside-out
signaling pathway of IL-3—induced integrin activation in Baf3
cells.

On the other hand, the constitutively active type H-Ras—
transfected Baf3 cell line was able to adhere to FN without IL-3
stimulation via activation of VLA-4 and VLA-5. This suggests
that H-Ras can activate integrins of Baf3 cells. Recently, it has
been reported that H-Ras suppresses integrin activitidata
opposite from our results. One possibility for this conflict in
results in the function of H-Ras might reflect differences in the
cells tested. The other investigattrsised CHO cells trans-

fected with integrin cDNAs, which expressed active forms of
integrins. Our study used the hematopoietic cell line Baf3,
which expresses inactive forms of integrins without IL-3
stimulation. Another possibility is the difference of targeted
integrins of H-Ras. The other investigators examined the effect
of H-Ras ong, 33 integrins, whereas we focused on the effect
of H-Ras ona4B1 (VLA-4) anda5B1 (VLA-5) integrins. Still
other investigators reported that R-Ras activates intedtiims.
that report, they showed that constitutively active type H-Ras,
as a control study, could not activate integrins. The difference
between their datdand ours might also depend on difference in
the types of cells tested. Another difference might be the
mutation of H-Ras used. Both groups used constitutively active
type H-Ras, which is a mutation in which a substitution of
valine for glycine is made at position 12. We used the
constitutively active type H-Ras, in which the mutation is a
substitution of leucine for glutamine at position 61. H-Ras and
R-Ras are highly homologous to one anotifeand they are
known to have some of the same functions, such as antiapop-
totic effects induced by cytokine deprivatiéh.Our data
demonstrated that H-Ras has another function similar to that of
R-Ras, which is the activation of integrins.

PI-3 kinase is thought to be involved in the inside-out
signaling pathway?®3: This was demonstrated by the inhibition
of integrin activation by a PI-3 kinase inhibitor, wortman#fn.

In other integrin activation models, wortmannin was shown to
inhibit adhesion. In our previous study, wortmannin showed no
inhibitory effect on Baf3 cell adhesion to FN induced by [11143.

From these data, PI-3 kinase might not be involved in this

20z dunf 0 uo 3sanb Aq jpd 015 1/1002591/0vS |/S/€6/4Pd-Bl0E/POOIqABU"SUOHEDIIgNdYSE//:d}Y WOy papeojumog



H-Ras INVOLVEMENT IN INSIDE-OUT SIGNALING 1547

inside-out signaling model of IL-3—induced integrin activation 11. Cui L, Ramsfjell V, Borge OJ, Veiby OP, Lok S, Jacobsen SEW:
in Baf3 cells. However, because there is a report that PI-3 kinas&hrombopoietin promotes adhesion of primitive human hematopoietic
is downstream of Ra% we examined the effect of wortmannin cells to fibronectin and vascular cell adhesion molecule-1. J Immunol
on the adhesion of the constitutively active type H-Ras—199:1961,1997 _ _
transfected Baf3 cells and found that wortmannin showed no 12- Zhang Z, Vuori K, Wang HG, Reed JC, Ruoslahti E: Integrin
inhibitory effect. Wortmannin also showed no inhibitory effects 2¢tivation by R-ras. Cell 85:61, 1996

on the adhesion of the wild-type and the dominant-negative 13. Hughes PE, Renshaw MW, Pfaff M, Forsyth J, Keivens VM,
yp 9 Schwartz MA, Ginsberg MH: Suppression of integrin activation: A

type H-Ras—transfect.ed Baf3 cell Ilngs '”d9ced l?y IL-3. B,asednovelfunction of a Ras/Raf-initiated MAP kinase pathway. Cell 88:521,
on these data, we believe that PI-3 kinase is not involved in thg 997

inside-out signaling of IL-3—induced integrin activation in the 14 shibayama H, Anzai N, Ritchie A, Zhang S, Mantel C, Broxm-

Baf3 cell line we are using. Because our findings about Pl-3eyer HE: Interleukin-3 and Fit3-ligand induce adhesion of Baf3/FIt3

kinase, both previous and present, are very clear, it is difficult toprecursor B-lymphoid cells to fibronectin via activation of VLA-4 and

reconcile this contradiction to some previous reports at thisvLA-5. Cell Immunol 187:27, 1998

time. Further study of this discrepancy within the context of 15. Feig LA, Cooper GM: Relationship among guanine nucleotide

other model systems could be revealing. exchange, GTP hydrolysis, and transforming potential of mutated ras

On the other hand, PLC is also thought to be involved in theProteins. Mol Cell Biol 8:2472, 1988

inside-out signaling pathwa:3*In our previous study, a PLC 16. Feig LA, Cooper QM: Inhibitio.n of NIH 3T3 cell proliferatiqn

inhibitor, U-73122, completely inhibited Baf3 cell adhesion to by a mutant ras protein with preferential affinity for GDP. Mol Cell Biol

FN induced by IL-3. Thus, we decided to examine the effect 0f5:3235, 1988 ) ]

U-73122 on the adhesion of transfected Baf3 cells. We found /- Palacios R, Steinmetz M: IL-3-dependent mouse clones that
I . express B-220 surface antigen, contain Ig genes in germ-line configura-

that U-73122 suppressed the constitutively active type H-Ras

. . : fion, and generate B lymphocytes in vivo. Cell 41:727, 1985
transfected Baf3 cell adhesion and adhesion of wild-type and 1g taranira H, Gotoh A, Ritchie A, Broxmeyer HE: Steel factor

dominant-negative type H-Ras-transfected Baf3 cells inducedppances integrin-mediated tyrosine phosphorylation of focal adhesion
by IL-3. The result that U-73122 inhibited the adhesion of any kinase (pp128) and paxillin. Blood 89:1574, 1997
type of H-Ras-transfected Baf3 cells suggests that PLC might 19. Wu J, Dent P, Jelinek T, Wolfman A, Weber MJ, Sturgill TW:
be downstream of H-Ras in the inside-out signaling pathway ofinhibition of the EGF-activated MAP kinase signaling pathway by
IL-3—induced integrin activation in Baf3 cells. adenosine '35'-monophosphate. Science 262:1065, 1993

Ras has been reported to be involved in outside-in signaling 20. Cook SJ, McCormick F: Inhibition by cAMP of Ras-dependent
pathways initiated by cell-matrix interactioh@ Taking this  activation of Raf. Science 262:1069, 1993
and our own data into consideration, Ras appears to be involved 21- Alessi DR, Cuenda A, Cohen P, Dudley DT, Saltiel AR: PD
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