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Integrin B2 (CD18)-Mediated Cell Proliferation of HEL Cells on a
Hematopoietic-Supportive Bone Marrow Stromal Cell Line, HESS-5 Cells

By Takashi Tsuji, lwao Waga, Katsunari Tezuka, Masafumi Kamada, Kimio Yatsunami, and Hisashi Kodama

Cellular interactions between hematopoietic cells and stro-
mal cells play important roles in the proliferation and differ-
entiation of hematopoietic cells. The proliferation of a hu-
man erythroleukemia cell line, HEL cells, which can
differentiate into macrophage- and megakaryocyte-like cells,
and erythroid precursors was dramatically induced on cocul-
ture with a hematopoietic-supportive stromal cell line,
HESS-5 cells, which can support long-term hematopoiesis in
vitro without fetal bovine serum. HEL cells proliferated when
they were cocultured with but not without direct cell con-
tact. Because the coculture supernatants with direct cell
contact and cytokines such as interleukins and growth
factors did not exhibit growth-stimulating activity toward
HEL cells, it was suggested that some molecule that has
growth-stimulating activity exists on the surface of the cells.
Extracellular matrix components such as fibronectin, lami-
nin, vitronectin, and collagen did not affect the proliferation
of HEL cells. An anti-CD18 monoclonal antibody, which
recognizes the common B chain of the B2 integrin subfamily,

induced dramatic proliferation of HEL cells. Moreover, the
proliferation of HEL cells was inhibited by an antisense
oligonucleotide of CD18 mRNA. As judged from these obser-
vations, the proliferation of HEL cells was mediated by CD18
molecules expressed on HEL cells. On the contrary, the
common counter-receptor of the B2 integrin subfamily,
intercellular adhesion molecule-1, which is expressed on
CHO-K1 cells, did not stimulate the growth of HEL cells. It is
known that other counter molecules of the B2 integrin
subfamily, such as complement C3bi and fibrinogen, are not
produced by stromal cells. These findings suggest that the
proliferation of HEL cells may be induced through an interac-
tion between a novel molecule of the B2 integrin subfamily
on HEL cells and the counter-receptor on HESS-5 cells. The
B2 integrin subfamily may regulate the growth of hematopoi-
etic cells in hematopoiesis in vivo and/or cause the abnormal
growth of leukemia cells.

© 1998 by The American Society of Hematology.

IRECT CELL INTERACTIONS are regulated by adhe- proliferation of HEL cells was not induced by the coculture

sion molecules, such as the integrin family, the cadherinsupernatant of HEL and HESS-5 cells. Based on the results with
family, the 1g superfamily, and the selectin family, and extracel-monoclonal antibodies against integrin family members and a
lular matrix components expressed on both hematopoietic cellspecific antisense oligonucleotide, we deduced that the prolifera-
and stromal cell$2 In vitro long-term coculture of hematopoi- tion of HEL cells induced by adhesion to stromal cells was
etic cells and stromal cells revealed the important roles of directmediated by the integriB2 chain (CD18) expressed on HEL
cell contact in the maintenance, proliferation, and differentia-cells. It has not been previously reported that the CD18
tion of hematopoietic stem/progenitor celsDirect cell con- molecule induces the proliferation of hematopoietic cells and
tact through a specific adhesion molecule leads not only to théell lines that can differentiate into other lineages. The role of
maintenance and differentiation of hematopoietic cells, but als¢he CD18 molecule and the possibility of a novel member of the
to cytokine production by the stromal cells. From these B2 integrin subfamily existing on HEL cells are also discussed.
findings, it is well recognized that direct cell interactions play
important roles in hematopoiesis in vivo.

Among the adhesion molecules, the functions of the integrin Monoclonal antibodies. Unconjugated and fluorescein (FITC)-
family in early hematopoiesis have been well analyz&#i0 conjugated purified monoclonal antibodies (MoAbs) were purchased
The integrin family members consist of two noncovalently 'zrcl’m'”’Lm‘i’/‘;ticztz)gcezegbig‘?ﬁe) or;Eifil_lo;yizr;gt\jentdct)rs‘:?)grlti-iDzlg

. . . . . . clone Lia , an clone , Lla s State blotechnol-
assoq_ateo! subunits, Ie" af‘d B F:halns. The Imegrm? ?re ogy Inc, Lake Placid, NY; CD61 (clone SZ21, PMG/lg),YLEM, Rome,
classified into subfamilies in which a commgn subunit is

) ] ) . . Italy; CD11a (clone 25.3.1, G43-25B), Pharmingen, San Diego, CA,
associated with a different number of subunits Integrin pr1524, Sigma, St Louis, MO; B-B15, Diaclone Res, Besancon cedex,

molecules are expressed on the surface of a wide variety of ceffrance; 38, Cymbus Biotechnology, UK; CD11b (clone BEAR 1, 44),
types such as hematopoietic stem cells, progenitor cells, anBharmingen, and LM2/1, Bender MedSystems, Austria; CD11c (clone
functional-terminal differentiated hematopoietic célls.early ~ BU15, B-Ly6), Pharmingen; and CD49b (clone Gi9), CD49c (clone
hematopoiesis, VLA-4d4p1) and VLA-5 @581) regulate the ~ M-KID 2), CD49d (clone HP2/1), CD49e (clone SAM1), and CD49f
migration of hematopoietic stem cells underneath a stromafC!one Go H3) MoAbs and FITC-labeled anti-mouse IgG sheep FYAB
layer!! Recently, it was demonstrated that a lack of the integrinfragmem’ Organon Teknika Corp, Durham, NC. Anti-CD11a (clone
B1 ora4 chain causes serious deficiencies in hematopoiesis and
embryogenesi$?!0 From the Division of Hematology, Pharmaceutical Frontier Research
It is also known that th@2 integrin subfamily has functions Laboratories Inc, Yokohama, Kanagawa, Japan.
such as the adhesion, invasion, and chemotaxis of hematopoi- Submitted March 26, 1997; accepted October 10, 1997.
etic cells!215 The importance of th@2 integrin subfamily in Address reprint requests to Takashi Tsuji, PhD, Pharmaceutical
the immune function in vivo was demonstrated by studies on thdrontier Research Laboratories, JT Inc., Fukuura 1-13-2, Kanazawa-
human genetic disease leukocyte adhesion deficiency (LADYY: Yokohama, Kanagawa 236, Japan. .
type 114 However, little evidence has been reported tpat The publication cqsts Qf this article were defrayed in part by“ page
. ) . T . . .. charge payment. This article must therefore be hereby marked “adver-
integrin subfamily participates in the growth of hematOpO'(:"t'Ctisement” in accordance with 18 U.S.C. section 1734 solely to indicate

cells. this fact.
In this study, we examined the adhesion-dependent prolifera- © 1998 by The American Society of Hematology.

tion of HEL cells on a stromal cell line, HESS-5 cells. The 0006-4971/98/9104-0010$3.00/0

MATERIALS AND METHODS
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TS1/22) and CD18 (clone TS1/18) MoAbs were purified from the phosphate—buffered saline (PBS-) supplemented with 0.5% (wt/vol)
conditioned medium of their hybridom&%A mouse IgG fraction, asa BSA and 5 mmol/L EDTA for 30 minutes at 4°C. After incubation, the
control antibody, was purchased from Zymed Laboratories Inc (Sarcells were washed twice with the same buffer and then stained with the
Francisco, CA). FITC-conjugated anti-mouse IgG sheep Fjalfragment in the same
Cell lines. The hematopoietic-supportive stromal cell line, HESS-5 buffer for 30 minutes at 4°C. After staining, the cells were washed twice
cells, was established from murine bone marrow and spfeEn. and then analyzed by flow cytometry. For analysis of the expression of
HESS-5 cells were maintained in minimal essential mediufMEM «] adhesion molecules on HEL cells, the specified gate for HEL cells was
GIBCO Laboratories, Grand Island, NY) supplemented with 10% set in the plot of forward and side scatter.
(vol/vol) horse serum ([HS] Nichimen America, Los Angeles, CA) at  Inhibition of CD18 molecule expression on HEL cells by an antisense
37°C under 5% C@in humidified air. The human erythroleukemia cell oligonucleotide. HEL cells (5 10 cells) were plated in 2 mL RPMI
line, HEL cells, was provided by the Japan Cell Research Bank andl640 medium supplemented with 0.1% (wt/vol) BSA and 5 umol/L
maintained in RPMI 1640 medium (GIBCO Laboratories) supple- antisense (CD18/AS; positions 1 to 24), sense (CD18/S; positions 1 to
mented with 10% (volivol) FC® The hybridoma cell lines TS1/ 24), or random (CD18/RS) phosphorothionate oligodeoxynucleotide
22.1.1.13 and TS1/18.1.2.11 were provided by the American Type(PON) solubilized in PBS-. The PON sequences were as follows:
Culture Collection and maintained in Dulbecco’s modified Eagle’s CD18/AS, B-CAGTGGGGGGCGCAGGCCCAGCAT-3CD18/S, 5-
medium (GIBCO Laboratories) supplemented with 10% (vol/vol) FCS ATGCTGGGCCTGCGCCCCCCACTG-3and CD18/RS, 5CATCG-
and 1 mmol/L sodium pyruvaté. AGCGAGGCGTCGAGCGGCG-312After 24 hours’ incubation, HEL
3H-thymidine incorporation assay of the cocultured leukemia cell cells were harvested and then treated with 0.2 mL 0.2% trypsin and 10
line, HEL cells. A confluent layer of the fibroblast or stromal cell line Mg/mL proteinase K (GIBCO) at 37°C for 10 minutes for digestion of
on a 96-well culture plate (Falcon, Lincoln Park, NJ) was irradiated cell-surface CD18 molecules. After the proteinase treatment, HEL cells
with 9.0-Gy x-rays for prevention of incorporation®#f-thymidine into ~ Were cultured with anti-CD18 MoAb (clone 7E4) or cocultured on a
the cell line. The cell lines were washed five times with RPMI 1640 confluent layer of HESS-5 cells at a concentration of 30° cells/well
medium supplemented with 0.1% (wt/vol) bovine serum albumin Of & 96-well cell culture plate in 200 puL RPMI 1640 medium
(IBSA] Sigma). HEL cells (5% 10%) were cultured on irradiated supplemented with 0.1% BSA and 5 pmol/L PON. After 2 days in
confluent cell feeders in 200 uL RPMI 1640 medium supplemented withculture, the proliferation of leukemia cells was measured as the
0.1% (wt/vol) BSA. After 3 days in culture, proliferation of leukemia incorporation ofH-thymidine, added at a concentration of 0.5 uCi/well,
cells was measured as the incorporatioffteithymidine (Amersham,  during the last 6 hours of the incubation.
Buckinghamshire, England), added at a concentration of 0.1 pCiiwell, Effect of?H-thymidine incorporation by HEL cells on coculture with
during the last 6 hours of the incubation. The cells were harvested ofiuman intercellular adhesion molecule-1-expressing CHO-K1 cells.
glass fiber filters with a Cell Harvester (Packard, Meriden, CT), and thenThe human gene for ICAM-1 purchased from British Bio-technology
radioactivity was measured with a MATRIX 9600 counter (Packard). Ltd (Oxon, Great Britain) and constructed in the pcDNA3.1 vector
Cell growth assay of HEL cells. A confluent layer of HESS-5 cells ~ (Invitrogen, San Diego, CA). CHO-K1 cells were transfected by
on a six-well cell culture plate (Falcon) was irradiated with 9.0-Gy €electroporation with hICAM-1—expressing vector, and stable transfor-
x-rays and then washed five times with RPMI 1640 medium supple-mants were selected by maintenance of the cells in RPMI 1640 medium
mented with 0.1% BSA. Then, HEL cells (2 1P cells/well) in 5 mL  supplemented with 10% FCS and 800 ug/mL geneticin (GIBCO). A
RPMI 1640 medium supplemented with 0.1% (wt/vol) BSA were single cell clone was isolated from the transformants by the limited
cocultured with or without the irradiated HESS-5 cells in triplicate dilution technique. After single cell isolation, a highly expressed clone
wells. To prevent direct cell-to-cell contact, the cells were separated byf human ICAM-1 was selected by means of flow cytometric analysis.
a microporous membrane, Cyclopore (pore size, 0.45 pm; Fa|c0n)Expression of hICAM-1 on the cell surface was analyzed by the method
After 3 days in culture, viable HEL cells were recovered by gentle already described with the anti-CD54 MoAb. The specified gate for
pipetting and then counted using the trypan blue exclusion method=HO-K1 cells was set in the plot of forward and side scatter.

under a microscope with a hematocytometer. The recovered HEL cells The method used to examine the growth-stimulating activity toward
were distinguished from HESS-5 cells by means of cell size andHEL cells of the stable transformant was the same as that for the

morphology. coculture with HESS-5 cells already described.
For examination of the effects of extracellular matrix components on
the proliferation of HEL cells, fibronectin-, laminin-, vitronectin-, and RESULTS

collagen-precoated dishes (Koken Inc, Tokyo, Japan) were used. Viable Proliferation of leukemia cell lines on hematopoietic-suppor-

cells were counted by the method described. tive stromal cells. We examined whether a human erythroleu-

Cell proliferation-stimulating activities toward HEL cells of culture Kkemi i HEL cell liferat It h ¢
supernatants, cytokines, and mAb<ulture supernatants were har- emia cell line, cells, prolirerates on coculture on hemato-

vested from HESS-5 cells cocultured with or without HEL cells for 24 Poietic-supportive or -nonsupportive cell lines. Hematopoietic-
hours under the various culture conditions described. The growth-Supportive and -nonsupportive stromal cell lines were established
stimulating activities toward HEL cells in these culture supernatantsfrom murine bone marrow and spleen as described previdusly.
were measured by means of 3al-thymidine incorporation assay HEL cells did not proliferate alone in RPMI 1640 medium
involving HEL cells. HEL cells were seeded at a concentration 8f 5 supplemented with 0.1% BSA. Proliferation of HEL cells was
1 cells/well in 96-well plates (Falcon) in a final 200 pL RPMI 1640 Strong|y induced on cocultivation with a hematopoietic-
medium supplemented with 0.1% (wtivol) BSA, and then serial g pnortive stromal cell line, HESS-5 cells or SSXL CL.7 cells,
dilutions of various conditioned media, cytokines, and mAbs were, ;t ot 5 hematopoietic-nonsupportive fibroblast cell line,
added to the HEL cells in triplicate. After 3 days’ incubation, the C3H/10T1/2 cells or hematopoietic-nonsupportive stromal cell

roliferation of leukemia cells was measured as the incorporation of.. ; L . .
EH—thymidine as described P lines (data not shown). This assay indicated proliferation of the

Phenotypic analysis of the expression of adhesion molecules on HE|€Ukemia cell lines, ie, entry into the S-phase of the cell cycle,
cells. HEL cells (16 cells each) were incubated with 5 pg anti-cD29, but did not indicate escape from apoptosis, because the
CD18, CD61, CD49b, CD49c, CD49d, CD49e, CD49f, CD11a, CD11b,incorporation ofH-thymidine into the nuclei of HEL cells was
CD11c, CD41, or CD44 MoAbs in 100 pL of €a and 100 Mg*- measured.
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Fig 1. Proliferation of HEL cells under various coculture conditions

with a murine hematopoietic supportive stromal cell line, HESS-5
cells. HEL cells (2 x 105 cells) were cultured without stromal cells ((J),
or cocultured with HESS-5 cells with direct cell contact (O) or
without cell contact (@) in RPMI-1640 medium supplemented with
0.1% (wt/vol) BSA in triplicate wells. The cell contact between HEL
cells and HESS-5 cells was prevented by a microporous membrane on
the confluent cell layer of HESS-5 cells. The results are expressed as
mean values * SD of the mean.

Figure 1 shows the number of viable HEL cells under various
culture conditions with HESS-5 cells. After 3 days’ culture in
RPMI 1640 supplemented with 0.1% (wt/vol) BSA, the number
of viable HEL cells was decreased. HEL cells cultured in RPMI
1640 supplemented with 0.1% (wt/vol) BSA died, exhibiting
the morphologic and biochemical characteristics of apoptosis
which was induced by the deprivation of growth factors (data
not shown). The number of viable HEL cells increased in the
coculture with HESS-5 cells with direct cell contact. The
increased number of the input HEL cells proliferated on
HESS-5 cells in the same logarithmic ratio (data not shown).
Although HESS-5 cells became thinner in serum-free medium
all HEL cells adhered to the HESS-5 cell layer, and some of the
HEL cells proliferated on and underneath the layer of HESS-£
cells (data not shown).

On the other hand, HEL cells did not proliferate when they
were cocultured with HESS-5 cells without direct cell contact
using a microporous membrane filter, Cyclopore.

HEL cell growth-stimulating activities of various cytokines
and culture supernatants of HESS-5 cells under various culture
conditions. It was examined whether various murine and
human cytokines stimulafél-thymidine incorporation by HEL
cells, which were cultured in serum-free medium. HEL cells did
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stimulating activity toward HEL cells (data not shown). Al-
though transferrin in bovine serum stimulates the proliferation
of HEL cells, a neutralizing antibody against transferrin did not
reduce the’H-thymidine incorporation or the proliferation of
HEL cells cocultured with HESS-5 cells with direct cell contact
(data not shown).

Next, we examined whether a coculture supernatant exhib-
ited cell growth-stimulating activity toward HEL cells by means
of the 3H-thymidine incorporation assay (Fig 2). In recent
studies, some cytokines produced by stromal cell lines were
found to be induced on the direct adhesion of hematopoietic
cells17:20-22\e also examined this possibility, ie, that some new
cytokines were produced by HESS-5 cells on HEL cell adhesion
that act on human cells.

SH-thymidine incorporation by HEL cells was induced on
coculture with HESS-5 cells with direct cell contact. The
culture supernatant of HESS-5 cells alone did not stimulate
3H-thymidine incorporation by HEL cells cultured alone in
RPMI 1640 supplemented with 0.1% (wt/vol) BSA. The
coculture conditioned medium of HEL and HESS-5 cells with
or without direct cell contact also did not indu#é-thymidine
incorporation by HEL cells. HEL cells cultured in these
conditioned media died as in serum-free medium, as judged on
microscopic observation (data not shown). These results indi-
cate that the proliferation of HEL cells induced by adhesion to
HESS-5 cells was not due to soluble factors produced by
HESS-5 cells, but was produced by the direct cell interaction
between HEL cells and HESS-5 cells.

Effects on the cell proliferation of HEL cells of extracellular
matrix components. It was investigated as to whether extracel-
lular matrix components, which are possibly expressed on the
cell surface membrane of HESS-5 cells, stimulate the prolifera-
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HESS-5+HEL CM

HESS-5 CM

HESS-5+HEL,
coculture

background
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3H-thymidine incorporation (cpm/well)

Fig 2. Growth-stimulating activities toward HEL cells in various
culture supernatants. Conditioned media (CM) were harvested from

not proliferate with murine interleukins, such as interleu"‘m‘l one day cocultures of HEL cells and HESS-5 cells. The supernatant of a
(IL-1w), -1B, -3, -4, -5, -6, -7, -9, -10, and -11, at various culture of HESS-5 cells alone (HESS-5 CM), or a coculture of HEL cells
concentrations. Murine colony-stimulating factors (CSFs) alsoand HESS-5 cells with direct cell contact (HESS-5 + HEL CM) or
did not induce®H-thymidine incorporation by HEL cells. The Vn‘q"(:z]ob“r;ri"(li‘égts""?’f:_'eE'f‘t;:;ek:es”e‘ga’::t’;’g”ézj)th:saag‘ézgofgrsgi
growth of HElf cells was not induced by §tem cell factor (SC_F)' cells (5 x 108 cells each) at the final concentration of 25% (vol/vol) in
tumor necrosis factos, or macrophage-inflammatory protein triplicate wells. The assay used for *H-thymidine incorporation by
(MIP)-1a. Serum-related growth factors such as epidermalHEL cells was described under Materials and Methods. Background
growth factor (EGF), basic fibroblast growth factor (basic '“d'ctatg‘s ?tﬁlgtf[;e OftyE'; CBeé'; alone in 'i_"’\""lefo nggsmssuzp;
: : . . -5+
FGF), and platelet-derived growth factor (PDGF) also did nOttr:T)?::Iteur\eNlindicatgs(V\; c\;?:L)JIture aosfaHr:EeLgiell\lls (;(r)lrc]l I:ESS—S cells with’
induce pm“feratlo_n of HEL cells. O_nl_y transferrin derived from direct cell contact as a positive control. The results are expressed as
human and bovine serum exhibited strong cell growth-mean values + SD of the mean.
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tion of HEL cells. Extracellular matrix components, such astry. We focused on the integrin family because the functions of

fibronectin, laminin, vitronectin, and collagen did not affect the this family in early hematopoiesis have been well analyzed as to

proliferation of HEL cells in serum-free medium (data not adhesion moleculeésand some integrins have signal transduc-

shown). HEL cells also could not escape from apoptosis on théion pathways:” The expression patterns of the integsianda

deprivation of growth factors in serum-free medium due tochains are shown in Fig 3.

these extracellular matrix components. The integrinB1 chain (CD29), among members of the three
Effects of MoAbs against cell adhesion molecules on thalifferentp chain subfamilies of the integrin family, was highly

proliferation of HEL cells. Next, we analyzed the expression expressed on HEL cells. Although integf#2 (CD18) and33

of adhesion molecules on HEL cells by means of flow cytome-(CD61) chains were expressed on HEL cells, their expression
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sheep F(ab’), fragment in the same buffer for 30 minutes. After
Other adhesion molecule staining, the cells were washed twice and then analyzed by flow
cytometry. For analysis of the expression of adhesion molecules on
Hyaluronate-R (CD44) HEL cells, the specified gate for HEL cells was set in the plot of
forward and side scatter. The MoAb used is indicated at the top of
each histogram. The shaded peak indicates the expression of the
adhesion molecule on HEL cells stained with an anti-adhesion
molecule MoAb. The dotted line indicates the background for HEL
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levels were lower than that of CD29. Of the integri A. Monoclonal antibodies against integrin § chains
subfamily, VLA-4a (CD49d) and -& (CD49e) were expressed 5000.
at relatively high levels on HEL cells, rather than another
chain of thepl integrin subfamily. VLA-3 (CD49c) and -&
(CDA49b) were expressed at low levels, and VLA-GCD49f)
was not detected at all. Of thH&2 integrin subfamily LFA-1,
Mac-1, and p150/95, the chains were expressed at the same
level, which was relatively low compared with that of CD49d.
The gplib/llla complex is a member of th@3 integrin
subfamily. The expression level of thechain of the Gpllb/Illa
complex (CD41) was intermediate but higher than that obthe
chains of thep2 integrin subfamily. On the other hand, the

n (] B
g g §
PP P P

3H-thymidine incorporation (cpm/well)
)
(=]

(=]

hyaluronate receptor (CD44) is known to play a role in the 23 gd 3 23y = %
rosette formation between bone marrow stromal cells anc s = Sp % =z

. . 3 . SL il ] I B
erythroid leukemic cellg The expression level of CD44 was 8 Tuopz  acDis  woper

intermediate, the same as that of CD61 and CDA41.

We examined the effects of the MoAbs described, ie, MoAbs
against cell adhesion molecules that can block cell adhesion cB. Monoclonal anitibodies against « chains of integrin 32 subfamily
mitogenic activity, on the proliferation of HEL cells cocultured 6000
with HESS-5 cells with cell contact. However, none of the
MoAbs blocked 3H-thymidine incorporation by HEL cells
induced by adhesion to HESS-5 cells (data not shown). Som
MoAbs against integrins are known to stimulate the signal
transduction pathway of target cell§hus, we next examined
whether the MoAbs against integrf chains exhibit growth-
stimulating activity toward HEL cells cultured alone in serum-
free medium.

Surprisingly, an anti-CD18 MoAb (clone 7E4), which recog-
nizes the integrinB2 chain, dramatically stimulatedH- 0
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Lia3/2 [ |

. . V ‘—vmggccv:mg@
thymidine incorporation by HEL cells at the concentration of 10 2RE-2;888° 57493249
pg/mL (Fig 4A). The anti-CD18 MoAb (7E4) did not promote £ '-““ F$E" " ““ I%
adhesion of HEL cells to the substrate, and HEL cells were able YoD18 oita oD aoD11e

to proliferate in suspension without morphologic changes (data
not shown). The activity was comparable to that on coculture Fig 4. Growth-stimulating activities toward HEL cells of various
with HESS-5 cells. The growth-stimulating activity toward anti-adhesion molecule MoAbs. Induction of 3H-thymidine-incorpora-
HEL cells of the anti-CD18 MoAb (clone 7E4) was dose- tion of HEL. cells by M.oAbs against integrin B chains (A) and integrin
. 2 subfamily (B). Anti-adhesion molecule MoAbs were added at the
dependent (data not shown). Other anti-CD18 MoAbs (clone inal concentration of 10 ug/ml to 5 x 10° cells/well of 96-well type
Lia3/2 and TS1/18), which recognize a different epitope fromecuiture plates of HEL cells in 200 pL of RPMI-1640 medium supple-
that of clone 7E4 and inhibit the adhesion of T cells mediated bymented with 0.1% (wt/vol) BSA in triplicate. Growth-stimulating
the CD11a/CD18 complex (LFA-1) and ICAM-1, did not ZCE“LV“y"WﬂS ;ﬂeaﬂ_geg bydassaf"lg _”T-thyf;iﬁ'/il“fhindcorgﬁfathi:“Azy
A . . . . ) cells as aescribed unader aterials an ethoas. e OADS
eXhlblt_ such activity. The antl-CF)29 MOAbS’ thCh inhibit cell used and their clone names are indicated below the bars in the figure.
adhesion and thymocyte proliferation mediated by CD29,The results are expressed as mean values = SD of the mean.
respectively, did not promotéH-thymidine incorporation by
HEL cells. The anti-integrirx chain MoAbs CD49b, 49c, 49d,
49e, and 49f, which inhibit cell adhesion mediated by fiie = CD18), and p150/95 (complement receptor type 4, CD1lc/
integrin subfamily, did not stimulate HEL cell proliferation CD18). Next, we investigated whether the MoAbs against the
(data not shown). The anti-CD29 MoAb stimulated the aggregaintegrin a chains of the32 integrin subfamily exhibit growth-
tion of HEL cells cultured alone in serum-free medium 12 to 24 stimulating activity toward HEL cells (Fig 4B). The anti-CD11a
hours after addition of the MoAb and anti-CD49d, and CD49eMoAbs (clone 25.3.1, TS1/22, G43-25B, and DF1524) recog-
MoAbs stimulated the migration of HEL cells underneath nize the LFA-Ix chain and inhibit the adhesion between LFA-1
HESS-5 cells (data not shown). These MoAbs, which exhibitand ICAM-1. Although clone 25.3.1 of the anti-CD11a MoAb
agonistic activity toward a natural ligand, did not participate in weakly stimulatecPH-thymidine incorporation by HEL cells,
the mechanism underlying the proliferation of HEL cells the other MoAbs did not induc#i-thymidine incorporation by
cocultured with HESS-5 cells with cell contact. The anti-CD61 HEL cells. Some clones of the anti-CD11b and CD11c MoAbs
MoAbs also did not promotéH-thymidine incorporation by —were examined as to growth-stimulating activity toward HEL
HEL cells. cells, but they did not exhibit such activity.
CD18 is a commorB subunit of the2 integrin subfamily Effect of an antisense oligonucleotide of CD18 on the prolifer-
comprising lymphocyte function-associated antigen-1 ([LFA-1] ation of HEL cells. To determine whether the growth-stimulat-
CD11a/CD18), Mac-1 (complement receptor type 3, CD11b/ing activity toward HEL cells on direct cell contact with stromal
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cells is mediated by the CD18 molecule, we next examined thsa\

inhibition of CD18 expression by antisense phosphorothionat
oligonucleotides (PONSs). For functional analysis of some
molecules, antisense PONs were used for inhibition of expres-
sion of the moleculest2®

To block CD18 expression by HEL cells, we added a
modified antisense PON complementary to positions 1 to 24 of
the human CD18 coding region (CD18/AS) to the culture
medium. The control PONs included a sense (positions 1 to 24;
CD18/S) and a random (CD18/RS) sequence of CD18/AS.
Because the CD18 molecule is expressed on the surface of HEL
cells, trypsin, and proteinase K treatment was performed before
coculture with HESS-5 cells to degrade the CD18 molecule that
had already been expressed on the membrane at the time
PON treatment for 1 day. This procedure was important to block
expression of the CD18 molecule on HEL cells. Then, the
growth-stimulating activity toward HEL cells was examined by
means of anti-CD18 MoAb stimulation or coculture with
HESS-5 cells with supplementation of PONs at various concen
trations. The results are shown in Fig 5. The growth of HEL

cells under the coculture conditions with HESS-5 cells was
inhibited in a dose-dependent manner only on the addition of

CD18/AS, and the inhibition was significant at the final
concentration of 5 pmol/L R < .005; Fig 5). This result

indicates that CD18 expressed on HEL cells mediates the

proliferation signal into HEL cells when they are cocultured
with HESS-5 cells.
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Fig 5. Growth-stimulating activity toward HEL cells on coculture
with HESS-5 cells with direct cell contact of the anti-sense PON
of CD18 (integrin B2 chain). HEL cells were cultured in RPMI-1640
medium supplemented with 0.1% (wt/vol) BSA, and an antisense
(CD18/AS; positions 1-24), sense (CD18/S; positions 1-24), or random
(CD18/RS) PON at a final concentration of 2 pmol/L () or 5 pmol
(). After 24 hours of incubation, the HEL cells were harvested and
subjected to proteinase treatment for digestion of the cell surface
CD18 molecules. After the treatment, the HEL cells were cocultured
with a confluent layer of HESS-5 cells at the concentration of 5 x 102
cells/well of a 96-well cell culture plate in 200 pL of RPMI-1640
medium supplemented with 0.1% BSA and 2 or 5 pumol/L PONs. After
2 days in culture, the 3H-thymidine incorporation assay described
under Materials and Methods was performed. The results are ex-
pressed as mean values = SD of the mean.
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Fig 6. Growth-stimulating activity toward HEL cells on coculture
with stable human ICAM-1 expressing CHO-K1 cells. (A) Phenotypic
analysis of stable human ICAM-1-expressing CHO-K1 cells. Stable
human ICAM-1-expressing CHO-K1 cells were prepared by the method
described under Materials and Methods. The cells were stained with
anti-human ICAM-1 MoAb and FITC-conjugated antimouse IgG F(AB’)
fragment, successively, and then analyzed by flow cytometry. The
shaded peak indicates the expression of ICAM-1 on the stable
transformant and the dotted line indicates that on mock-transfected
CHO-K1 cells. (B) Growth-stimulating activity toward HEL cells on
coculture with stable ICAM-1-expressing CHO-K1 cells. HEL cells
(5 x 108 cells) were seeded onto irradiated confluent layers of HESS-5
cells (HESS-5), CHO-K1 cells (CHO-K1), and stable human ICAM-1-
expressing CHO-K1 cells (CHO-ICAM1) in 200 pL of RPMI-1640 me-
dium supplemented with 0.1% BSA in triplicate. After 3 days of
culture, the 3H-thymidine incorporation by HEL cells was measured
by the method described under Materials and Methods. The results
are expressed as mean values * SD of the mean.

Effect of coculture with human ICAM-1-expressing CHO-K1
cells on the proliferation of HEL cells.ICAM-1 is thought to
be the common counter-receptor of tB& integrin subfam-
ily.26-2° Thus, we investigated whether the ICAM-1 molecule
stimulated the growth of HEL cells via the CD18 pathway.

A stable transformant clone expressing a high level of human
ICAM-1 (hICAM-1) was established by electroporation of the
hICAM-1 expression vector into CHO-K1 cells and subsequent
selection as to neomycin resistance. After the selection, stable
single clones were isolated, and then high-expression clones of
hICAM-1 were screened by means of flow cytometry. CD18
expression of the stable transformant is shown in Fig 6A. We
performed a functional assay using PMA-activated lympho-
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cytes of the binding of LFA-1 and ICAM-1 on CHO-K1 cells hematopoiesis in vivé?3 Integrin molecules are expressed on
according to a previous repdftPMA-activated lymphocytes the surface of a wide variety of cell types, such as hematopoietic
dramatically adhered to stable human ICAM-1-expressingstem cells, progenitor cells, and functional-terminal differenti-
CHO-K1 cells rather than mock-transfected CHO-K1 cells ated hematopoietic celfsin HEL cells, almost all of the
(data not shown). Moreover, this adhesion was inhibited by arexamined integrine and chains were found to be expressed
anti-ICAM-1 antibody. These results confirmed that the ex-on the surface of the cells. The integfd chain showed the
pressed ICAM-1 molecule was active. highest expression among integgithains. In early hematopoi-
H-thymidine incorporation by HEL cells cocultured with esis, VLA-4 @4B1) and VLA-5 (@5B1) regulate the migration
hICAM-1-expressing CHO-K1 cells is demonstrated in Fig 6B. of hematopoietic stem cells underneath the stromal Fyer.
Although cell contact with HESS-5 cells dramatically induced Recently, it was demonstrated that integrin was required for
®H-thymidine incorporation by HEL cells, hICAM-1-express- the early development of precursor cells for T and B lympho-
ing cells did not affect the growth of HEL cells. This clearly cytes, but not monocytes or natural killer cédvioreover,p1
demonstrated that ICAM-1 is not the counter-receptor of theintegrin was found to regulate the colonization of the fetal liver
CD18 complex on HEL cells that exhibits growth-stimulating in early embryogenesis but not the formation or differentiation

activity toward HEL cells. of hematopoietic stem cells into a different lineage using
chimeric mice generated wifl integrin—deficient embryonic
DISCUSSION stem cell$

In this study, we focused on the proliferation of hematopoi- On the other hand, the integri2 and 83 chains were
etic cells on coculture with stromal cells via direct cell contact. expressed at relatively medium levels on HEL cells. Surpris-
We adopted an approach involving an in vitro xenogenicingly, only the proliferation induced by clone 7E4 of the
coculture system comprising a human multipotential erythroleu-anti-CD18 MoAb mimics the proliferation of HEL cells cocul-
kemia cell line, HEL celld?3! and a murine hematopoietic- tured with HESS-5 cells with direct cell contact. The other
supportive stromal cell line, HESS-5 cells, to avoid the effectsMoAbs against CD29 (integri31), CD61 (integrin B3),
of cytokines, because many murine cytokines cannot affecCD49b (VLA-2a), CD49c (VLA-3x), CD49d (VLA-4w),
human cell$233Therefore, at least in the coculture of HEL cells CD49e (VLA-5x), CD49f (VLA-6a), CD11b (Mac-1), CD11c
and HESS-5 cells, some soluble factors did not affect the(p150/9%x), CD41 (gplib/lllax), and CD44 (hyaluronate recep-
proliferation of HEL cells. This system is thought to be more tor) did not induce the proliferation of HEL cells. Some MoAbs
useful for the identification of a novel molecule for hematopoi- are known to exhibit agonistic activity, like binding to their own
etic cells than a syngeneic coculture sysféis. specific ligands. These results suggested that the proliferation

The stage of differentiation of HEL cells was thought to be induced by the anti-CD18 MoAb (7E4) mimics the proliferation
the early blast and/or erythroblast std@end the cells can of HEL cells cocultured with HESS-5 cells with direct cell
differentiate into macrophage-like cells, gplib/llla-positive contact. From the finding that the antisense PON of CD18
megakaryocytic cells, on stimulation by Ttetradecanoyl- inhibited the growth-stimulating activity induced on coculture
phorbol 13-acetate or the erythrocyte precursor after exposureith HESS-5 cells with direct cell contact, we confirmed that
to hemin. Therefore, this leukemic cell line is thought to be athe proliferation of HEL cells was mediated via tg2 integrin
useful tool for studying the proliferation of hematopoietic cells, (CD18) subfamily on HEL cells.
which mimic hematopoietic stem/progenitor cells, and the Nortamo et aP* focusing on the competition assay of
differentiation of a myeloid-erythroid linead@3! HEL cells  anti-CD18 MoAbs that clone 7E4, which strongly inhibits cell
die, exhibiting the morphologic and biochemical characteristicsadhesion, recognized epitope group Ib of the CD18 molecule.
of apoptosis induced by the deprivation of growth factors whenHowever, another blocking antibody against CD18 could not
they are cultured in a serum-free medium. In the cocultureinduce the proliferation of HEL cells. As judged from these
system, a hematopoietic-supportive stromal cell line, HESS-5esults, the region of CD18 that participates in the signal
cells, but not -nonsupportive stromal cell lines, induced thetransduction for HEL cell growth must be restricted to the short
proliferation of HEL cells without serum with direct contact but region of epitope group Ib of CD18.
not without cell contact. The HEL cell growth-stimulating  On the other hand, CD18 is the comm@rchain of LFA-1,
activity seemed to show a good correlation with the hematopoiMac-1, and p150/95. Although we examined some MoAbs
etic-supportive activity® against thex chains of the32 integrin subfamily, they did not

Although, at first, we thought that some cytokines producedstimulate the proliferation of HEL cells. Previously, Kanner et
by HESS-5 cells in the steady state or induced by the adhesioalP> reported that CD18 is linked to tyrosine kinases that
of HEL cells affected the proliferation of HEL cells, the phosphorylate both phospholipaseyCand the pp80 substrate,
proliferation was not induced by various cytokines such asand that an anti-CD18 MoAb could induce the phosphorylation
IL-1q, -1B, -3, -4, -5, -6, -7, -9, -10, or -11, GM-CSF, G-CSF, of these substrates. As judged from these observations, the
M-CSF, SCF, TNF«, MIP-1a, EGF, basic FGF, or PDGF (data signal transduction pathway for tif§2 integrin subfamily may
not shown), or the coculture supernatant of HESS-5 and HELhave been activated only by the agonistic MoAb against CD18
cells with direct cell contact. These results suggested that thén the experiment involving MoAbs. Furthermore, the counter-
signals for the proliferation of HEL cells are mediated by direct receptors or ligands for th&2 integrin subfamily are known to
cell contact and some adhesion molecules expressed on botie ICAM-1, ICAM-2, ICAM-3, complement C3bi, and fibrino-
HEL cells and HESS-5 cells. gen3¢-41 Of these ligands, only ICAM-1 is a common counter-

It is well known that the integrin family participates in receptor for theg2 integrin subfamily8-2° Although the prolif-
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eration of HEL cells was weakly stimulated by the anti-CD11a 7. Schlaefer DD, Hanks KS, Hunter T, Geer VDP: Integrin-mediated
(LFA-1a) MoADb, proliferation of the cells was not induced signal transduction linked to ras pathway by GRB2 binding to focal
when they were cocultured with stable human ICAM-1- adhesionkinase. Nature 372:786, 1994

expressing CHO-K1 cells. Taken together, these results sug- 8 Hirsch E, lglesious A, Potocnik AJ, Hartmann U, Fassler R:
gested that the knowp2 integrin subfamily members do not mpaired migration but not differentiation of haemopoietic stem cells in

. . . ) . the absence @81 integrins. Nature 380:171, 1996
participate in the proliferation of HEL cells. The ligands for 9. Fassler R, Pfaff M, Murphy J, Noegel AA, Johansson S, Timpl R,

Mac-1 and p150/95, such as fibrinolysis and CoagmatlonAlbrecht R: Lack of1 integrin gene in embryonic stem cells affects
factors, would not be produced by stromal cells. Therefore, %orphology, adhesion, and migration but not integration into inner cell
novel integrin molecule of thg2 integrin subfamily must exist  mass of blastocysts. J Cell Biol 128:979, 1995
on HEL cells. On the other hand, it is important to identify the  10. Arroyo AG, Yang JT, Rayburn H, Hynes RO: Differential
counter-receptor, which stimulates the proliferation of HEL requirements fos4 integrins during fetal and adult hematopoiesis. Cell
cells via the CD18 molecule, that exists on HESS-5 cells. 85:997, 1996

The CD18 molecule is known to be expressed on a wide 11. Miyake K, HasunumaY, Yagita H, Kimoto M: Requirement for
variety of lineages of hematopoietic cells including hematopoi-VLA-4 and VLA-5 integrins in lymphoma cells binding to and
etic stem/progenitor celfé. The B2 integrin subfamily has migration b_eneath stromal cells in culture. J Cell Biol 119:65_3, 1992
functions such as the adhesion, invasion, and chemotaxis of 12: Kishimoto TK, O'Connor K, Lee A, Roberts TM, Springer TA:
hematopoietic cell&-151t was demonstrated by studies on LAD Cloning of thef subunit of the leukocyte adhesion proteins: Homology

| that theB? i . bfamily ol . les i to an extracellular matrix receptor defines a novel supergene family.
type | that theB2 integrin subfamily plays important roles in Cell 48:681, 1987

?mmune functioriE‘*Granglocytes, monocytes, and lymphocytes 13 ishimoto TK, Hollander N, Roberts TM, Anderson DC, Springer
isolated from LAD patients show profound defects such asya: Heterogeneous mutations in tesubunit common to the LFA-1,

binding to endothelial cells, phagocytosis, cell-mediated cytoly-Mac-1, and p150,95 glycoproteins cause leukocyte adhesion deficiency.

sis, and responses to specific antigens. It was demonstrated thegll 50:193, 1987

heterogeneous mutations in the CD18 common to {2e 14. Springer TA, Dustin ML, Kishimoto TK, Marlin SD: The
integrin subfamily cause LAD typelf.We speculate that CD18 lymphocyte function-associated LFA-1, CD2, and LFA-3 molecules:
regulates the cell growth and differentiation of some popula-Ce" adhesion receptors of the immune system. Annu Rev Immunol
tions of hematopoietic cells. Moreover, the relationship be-5:223, 1987 i ) -

tween the acquisition of malignancy of leukemia cells and. 15._ Anderson_ DC, Springer TA: Leukocyte adhesion deflc!ency: An
CD18 expression is interesting. Makrynikola and Bradstock inherited defect in the Mac-1, LFA-1, and p150,95 glycoproteins. Annu

. . ; . Rev Med 38:175, 1987
reported that the expression @2 integrins was noted in some 16. Tsuji T, Ogasawara H, Aoki Y, Tsurumaki Y, Kodama H:

cases of precursor-B acute lymphoblastic leukemia, as indicategharacterization of murine stromal cell clones established from bone
by CD18 expression in 13 of 16 cases. It was also speculategharrow and spleen. Leukemia 10:803, 1996

that these leukemia cells, including HEL cells, undergo abnor- 17. Ogasawara H, Tsuji T, Hirano D, Aoki Y, Nakamura M, Kodama
mal growth through overexpression and/or mutations in theH: Induction of IL-6 production by bone marrow stromal cells on the
CD18-mediated signaling pathway. adhesion of IL-6—dependent hematopoietic cells. J Cell Physiol 169:

Further studies on the mechanism underlying the prolifera-209. 1996 _ ,

fon of HEL cells and idenificaton of the member of the 18 Sarchez s - Krensy A, Ware CF Roobins & S,
IltheSgngS ?:L:I)Ifsavn\:cl)IZI ;:;;ﬁt ;‘::;ig:%rfr;i tﬁzugts{gfgé?;tg; with human T-lymphocyte—mediated cytolysis. Proc Natl Acad Sci USA

. . . ) ) 79:7489, 1982
proliferation of HEL cells and provide valuable information on 19 partin P, Papayannopoulou T: HEL cells: A new human erythro-

the roles of32 integrins in hematopoiesis. leukemia cell line with spontaneous and induced globin expression.
Science 216:1223, 1982
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