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express integrin b4, its role in the apoptotic signal
To clarify the signal transduction in vascular endo- transduction is not known. According to the results

thelial cells (VEC) apoptosis induced by deprivation of from Clarke, A. S. et al (8), integrin b4 subunit might
FGF and serum, we investigated the function of inte- be more critical in apoptotic signal transduction than
grin b4 by using the monoclonal antibody (mAb) of

a6 subunit because in these cells integrin a6 subunitthis integrin. We added anti-b 4 integrin mAb at the is normally expressed. For these reasons, in this studyconcentration of 5 mg/ml to the cells deprived of FGF
we used the mAb of integrin b4 subunit and studiedand serum, apoptosis of these cells were completely
the function of integrin b4 in apoptosis signaling ininhibited 24 h after the treatment. Furthermore we
vascular endothelial cells that normally express inte-plated the cells onto untreated bacterial culture plates
grin b4, and found that the antibody of integrin b4on which the cells cannot adhere and spread in MCDB
promoted attachment and spreading of the cells to cul-medium without FGF and serum; however, when anti-
ture dishes and by which suppressed apoptosis of theseb 4 integrin mAb was present at 5 mg/ml in the seeding
cells. These results indicate that integrin b4 is impli-medium, the cells rapidly adhered and spread. Our re-
cated in apoptotic signal transduction in normal vascu-sults first demonstrated that integrin b4 participated
lar endothelial cells and hemidesmosome structures ofin apoptotic signaling in VEC, and our findings indi-

cate that hemidesmosome structures and keratin fil- these cells might play a critical role in apoptosis.
ament system might be important in regulation of
apoptotic signaling. q 1997 Academic Press MATERIALS AND METHODS

Reagents. MCDB-104 medium was purchased from Kyokuto
Pharmaceutical Industries, Tokyo, Japan. Fetal bovine serum (FBS)
was purchased from Wako Industries, Tokyo, Japan. FibroblastIntegrins are transmembrane receptors implicated
growth factor (FGF) was extracted from bovine brains by the methodin mediating cell-substrate attachment or cell-cell ad-
of Lobb and Fett (9). Anti-b4 integrin antibody (clone 3E1) was

hesion, and in transducing signals that regulate such brought from Chemicon International Inc., Temecula, U.S.A. An ir-
diverse processes as growth, differentiation, and mi- relevant mAb (mouse IgG) was used as a control, and mouse IgG at

the same concentration used in this paper did not show any effectgration (1, 2). In contrast to other integrins (integrin
on the cells. All other reagents were of ultrapure grade.b1, 3 etc.) that localize to focal adhesions or otherwise

interact with the actin filament system, integrin b4 is Cell culture. Human umbilical vein endothelial cells (HUVEC)
were obtained by the method of Jaffe (10). The cells were culturedfound in hemidesmosomes in close proximity to mole-
in gelatin-coated plastic dishes in MCDB-104 medium that wascules linking to the keratin filament system (3, 4).
supplemented with 10% fetal bovine serum (FBS) and 70 ng/mlAlthough integrin b4 has been implicated in many dif- FGF (as well as 100 mg/ml heparin) at 377 C in 5% CO2 and in

ferent cellular processes (5, 6, 7), its functions in the air. Throughout our experiments, we used cells with a population
doubling level of 15-30.various tissues that express it have not yet been dem-

onstrated. Determination of viability. Cells were grown until cultures
In rectal carcinoma cells that lack expression of the reached sub-confluence and then the medium was replaced with

plain MCDB medium (no FGF and FBS) after one wash with theb4 integrin subunit, when full-length integrin b4
same medium. The cells were then incubated without or with anti-cDNA was expressed, the cells exhibited partial G1
b4 integrin antibody. Trypsinized cells were counted with a Coulterarrest and apoptosis (8). These results suggest that Counter (Coulter Electronics, INC., Hialean, Florida) after 24 h, 48

integrin b4 might be involved in apoptosis signal path- h and 72 h. Cells that had detached from the dishes were washed
away before the treatment with trypsin. The cells that remainedway in this carcinoma cell line. In normal cells that
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attached to dishes after washing away of blebs were not stained by Counter (Coulter Electronics, INC., Hialean, Florida). The concentra-
tion of this antibody used here was the sufficient minimum one toerythrosin B (5 mg/ml; Sigma) and, were therefore regarded as liv-

ing cells. observe the effect of the mAb.

Nuclear fragmentation assay. Subconfluent cells were deprived
of FGF and serum in the absence or presence of mAb of integrin RESULTS
b4 for 24 h, then harvested by rubber policeman and collected by
centrifugation. The cells were washed once with PBS0 (phosphate-

Human vascular endothelial cells are normally cul-buffered saline), fixed with 1 % glutaraldehyde solution overnight at
room temperature, centrifuged and resuspended in PBS0, and then tured in MCDB medium with FGF and serum (70 ng/
stained with Hoechst 33258 at the concentration of 1 mM for 20 min. ml and 10 % respectively). When the cells are deprived
After three washes with PBS0, the cells were mounted onto slides of FGF and serum, they die by apoptosis (Fig. 1). In
for analysis under a fluorescence microscope (20). The percentages

order to understand the mechanism by which apoptosisof degraded nuclei were determined by averaging the results from
occurs, we investigated the role of integrin b4 in regula-three independent experiments in which five fields per slide with an

average of Ç100 cells per field were counted. tion of apoptosis in VEC in which integrin b4 is nor-
mally expressed.Analysis of DNA fragmentation. Cells (21106) were incubated in

When the cells were cultured in MCDB mediuma digestion buffer that contained 0.2 mg/ml proteinase K at 507 C
for 5 h. The cellular DNA was extracted once with phenol and once without FGF and serum, they gradually detached from
with a mixture of phenol, chloroform and 3-methyl-1-butanol the dishes and floated into the medium, and then
(25:24:1, v/v). After digestion with RNase (final concentration, 0.6 formed apoptotic bodies, by contrast, when we addedmg/ml) at 377 for 30 min, the sample was subjected to electrophoresis

monoclonal antibody (mAb) of integrin b4 into this me-on a 2% agarose gel in Tris-acetate buffer (40 mM Tris-acetate, 2
dium these early morphological changes of apoptosismM EDTA, pH 8.0). The gel was then stained with ethidium bromide

and photographed on a UV transilluminator. were completely inhibited (Fig. 1). 24 h after depriva-
tion of FGF and serum, about 40 % of cells died in theCell adhesion assay. The ability of cell adhesion was quantitated
absence of mAb of integrin b4, while in the presenceby the method previously described in (11). Briefly, the cells (11104

cells/ml) suspended in MCDB medium without or with mAb of inte- of this antibody about 98 % of cells remained alive (Fig.
grin b4 of 5 mg/ml in the absence of FGF and serum were plated 2). 2 days after the start of treatment, 80 % of cells
onto 24-well untreated bacterial culture plates. After incubation for died, but in the presence of mAb of integrin b4, only2 h at 377C, wells were washed with serum-free MCDB medium to

20 % of cells died (Fig. 2). The cell death of this 20 %remove unattached cells. Attached cells were harvested after the
treatment with 0.1% trypsin in PBS0 and counted with a Coulter of cells was also apoptosis (data not shown). All obser-

FIG. 1. Inhibition of morphological changes associated with apoptosis in VEC by mAb of integrin b4. Light micrographs of VEC cultured
in MCDB medium with (A) or without (B) FGF and serum for 24 h. (C) Cells treated with mAb of integrin b4 (5 mg/ml) for 24 h. Bar,
100 mm.
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the absence of mAb of integrin b4 or in the presence
of an irrelevant mouse IgG, but in the presence of this
antibody about 100 % of cellular nuclei remained com-
plete. The analysis of DNA fragmentation also showed
that apoptosis induced by deprivation of FGF and se-
rum in VEC was obviously inhibited by anti-integrin
b antibody (Fig. 3B).

To address the possibility that integrin b4 partici-
pates in regulation of cell-substrate adhesion and
spreading, we cultured the cells on untreated bacterial
culture plates in the presence or absence of mAb of
integrin b4 in MCDB medium without FGF and serum.
Under this condition, 2 h after the start of treatment,
few cells could attach to the plate in the absence of mAb
of integrin b4, while in the presence of this antibody the
cells rapidly attached and spread on the plate (Fig. 4

FIG. 2. Effect of mAb of integrin b4 on the viability of VEC
A). At this time, 85 % of cells adhered to the plate indeprived of FGF and serum. Cells were cultured in the medium
the presence of mAb of integrin b4, while only 20 % ofwithout FGF and serum in the absence (open circles) or presence

(open triangles) of anti-b4 integrin antibody (5 mg/ml) for 24 h, 48 h cells attached to the plate when it was absent or control
and 72 h, and then viability (%) was determined as described in IgG was present (Fig. 4 B). These results, that were
Materials and Methods. Values are the means and S.D.(bars) of re- specific for the mAb to integrin b4, demonstrated thatsults from five separate experiments.

mAb of integrin b4 promoted cell-substrate adhesion
and spreading in the absence of FGF and serum.

vations above were specific to the mAb so that an irrele-
DISCUSSIONvant mouse IgG did not show such effects.

We examined the nuclear fragmentation and DNA
fragmentation of the cells cultured in FGF- and serum- Human vascular endothelial cells (VEC) are abso-

lutely dependent upon the presence of FGF and serumfree medium without or with mAb of integrin b4. As
shown in figure 3 A, 24 h after the start of treatment, for in vitro proliferation and serial propagation (10, 12,

13). In another hand, adhesion of VEC to matrix isabout 40 % of cellular nuclei became fragmentated in

FIG. 3. Effect of mAb of integrin b4 on nuclear fragmentation and DNA degradation in VEC induced by deprivation of FGF and serum.
(A) Quantitation of nuclear fragmentation in VEC. The cells were cultured under the same condition with Fig. 1 for 24 h, cell nuclei were
stained with the fluorescent dye Hoechst 33258 and viewed using fluorescence microscopy as described in Materials and Methods. a, nuclei
of cells cultured in MCDB medium with FGF and serum. b and c, nulei of cells cultured in the medium without FGF and serum in the
absence and presence of mAb of integrin b4 (5 mg/ml) respectively. Bar, 10 mm. (B) DNA degradation. Cells were lysed and cellular DNA
was isolated and subjected to gel electrophoresis on a 2 % agarose gel. Lane 1, DNA isolated from the cells cultured in MCDB medium
without FGF and serum for 24 h, clear DNA ladders are shown. Lane 2, DNA isolated from the cells cultured in the FGF- and serum-free
medium in the presence of mAb of integrin b4 (5 mg/ml) for 24 h, DNA fragmentation was inhibited. DNA markers are shown in lane M.
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FIG. 4. Anti-b4 integrin antibody promoted cell-substrate adhesion and spreading in VEC. (A) Light micrographs of VEC cultured on
untreated bacterial culture plates in the medium without FGF and serum in the absence (a) or presence (b) of mAb of integrin b4 (5 mg/
ml) for 2 h. Bar, 100 mm. (B) Percentages of cells adhered to the substrate. C, percent of cells adhered in the absence of mAb against
integrin b4; Anti-b4, percent of cells adhered in the presence of this antibody (5 mg/ml). Means and S.D.from five independent experiments
are shown.
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