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SUMMARY v
the culture of
From serum-free conditioned medium fromyCHL 36 cells, five factors
which promote cell aggregation were found and characterized. Four of them,
i.e., FGI, FQI, FQII and FQIII were purified by gelffiltration of Sephadex
G-200 and ion-exchange chromatography of OAﬁ—sephadex (A-50). The molecular
weights of these were estimated by SDS—polyacrylamide gel electrophoresis,
13.3 x 104, 5.6 x 104, 8.1 i 104 and 6;3-¥ 104 daltons, respectively. Three
factors, FQI, FQII and FQIII, could be inactivated by heat-treatment for
15 min at 160°C or treatment with trypsin. The factor FGI was stable
during the heat-treatment. Treatment with trypsin cleaved the FGI faétor
into small fragments without losing activity to promote cell aggregation.
The FGI factor can be inactivated by treatment with pronase. The fifth
factor was founqbin the void fraction by Sephadex G-200 column chromatography.
The activity promoting cell aggregation of this factor was lost after
treatment with hyaluronidase, but not with trypsin or pronase. This factor
was heat-stable. These suggest that this factor is reasqnably assumed to
be composed of acid mucopolysaccharide(s). Each factor promoted cell
aggregation to different extent from another with several cell types,

such as GMK, Hela S3, L5178Y, 3Y110, liver cells and neural retina cells

from chick embryos. Possible mechanism of these findings are discussed.



INTRODUCTION

The surfaces of animal cells are thought to play a dominant role
in various éomplex phenomena, including cell recognition and adhesion
(Moscona, A. A. and Moscona, M. H., 1952), contact inhibition of
motility (Yamada, K. M. EENEL;’ 1976) and growth (Igarashi, Y. and Yaoi,
Y., 1975% morphogenesis (Towne, P. L. and Holtfreter, J., 1955) and
metastasis (Nicolson, G. L., 1975), tﬁbdgh the molecular details under-
lying these phenomena are unknown. Above all, the mechanism of cell-to-
cell adhesion and sorting-out has received a gréat deal of attention:
In spite of many extensive studies, the basic mechanism of cell-to-cell
adhesion has not been understood and it has not been determined whether
the specificity ;f cell adhesion in higher animal cells is due to specific
macromolecules (Moscona, A. A., 1963) or quantitative differences of’
some non-specific macromolecules (Steinberg, M. S., 1964). Studies
aimed at isolation or identification of the surface macromolécules involved
in the cell-to-cell adhesion are thought to be requisite to clarification
of these points. .

To study the problems wifh a more simplified and reproducible systen,
we employed an established cell line, CHL 36 derived from Chinese
hamster lung cells. Using cell lines instead of embryonic cells, we can
work with extremely homogeneous cell population, obtain a good cell
viability and readily manipulate culture conditions. The conditioned
medium of CHL 36 cells showed high level of activity promoting cell
aggregation. In addition, we could observe a sorting-out phenomenon
between a glucosamine-~requiring mutant of CHL 36 (Onoda, T. and
Matsushiro, A. 1972) and the non-requiring parent CHL 36. Thus, we

tried to purify the factors promoting cell-to-cell adhesion from medium



conditioned with CHL 36.
Experiments in this report show that five factors promoting cell
aggregation were identified in serum-free conditioned medium of

CHL 36.



MATERIALS AND METHODS
Cells |

Established 1ine cells were passaged with 0.25% (w/v) trypsin
and cultured inEagle's minimal essential medium (MEM) containing 10%
(v/v) calf serum.

Cells used were as follows: CHL 36 established from Chinese
hamster lung cells, 3Y110 from rat whoié embryo cells, GMK from green
monkey kidney cells, L5178Y from mouse lymphoma, HeLa S3 from human
cervix carcinoma, primary neural retina and liver cells from 10-day
chick embryos.

Preparation of Conditioned Medium

Cells were cultured in glass bottles to confluent stage. Following
the medium change at confluent stage and incubation for 24 hr in fresh
medium, cells were washed four times with Dulbecco's phosphate-buffered
saline (Ca++, Mg++ free) (PBS(-)) to remove the remained calf serum
and cultured in serum—free MEM at 37°C for 3 days. The media were
collected, filtrated through glass fiber filter (Whatman GF/F) and
concentrated in cellulose tubings (Union Carbide Co.) by negative
pressure dialysis. |

Purification of Cell-aggregation Promoting Factors

Concentrated conditioned medium (crude factor) prepared from CHL 36
was used for purification studies. Crude factor was applied on Sephadex
G-200 column (3 x 100 cm) (Pharmacia Fine Chemicals) and eluted with
PBS(-). Active fractions on Sephadex G-200 column were further purified
by gel-filtration of Sephadex G-200 (3 x 100 cm or 2 x 65 cm) and ion-
exchange chromatography of QAE Sephadex (A-50) (Pharmacia Fine Chemicals)
(2 x 12 cm) or Sepharose 4B (2 x 65 cm) chromatography. Each sample for gel-

filtration was concentrated in cellulose tubing by negative pressure dialysis,



centrifuged at 3,000 fpm for 30 min and thersupernatant was applied.
Each sample'fof QAE Sephadex column chromatography was diluted by 10 mM
phosphate buffer (pH 7.5) for adjusting the ionic-strength fo that of
initial buffer, applied to QAE Sephadex column and eluted with linear
gradients of NaCl in 10 mM phosphate buffer (pH 7.5). The ionic-strength
of each fraction was measured by a conductive meter and was expressed by
mMHO. The concentration of macromolecﬁies in each fraction was measured
by optical absorption at 225 nm (Murphy, J. B. and Kies, M. W., 1960).
Cell-aggregation promoting activities were assayed by using CHL 36
cells. The activity in each fraction through a gel-filtration was tested
directly. However, in the case of QAE Sephadex column, the activity was
examined after dialysis of each fraction against PBS(-) for more than
30 hr for eliminating the effects of ibnic—strength on cell aggregation.

Cell-to-cell Binding Assay

After established line cells were passaged with 0.25% (w/v) trypsin
and cultured at 37°C for 40 hr, cells at growing stage were treated with
0.12% (w/v) trypsin at 37°C for 30 min and washed four times with PBS(-)
containing l%.(v/v) calf serum. After these treatments, cells were
suspended in Ca++;free MEM bufferized with 10 mM Hydroxy-ethylpiperazine
ethanesulfonic acid [HEPES] (pH 7.5) and the medium finally contained
1 mM CaCIZ-ZHZO, 1% (w/v) glutamine, 5% (v/v) dialyzed calf serum and
an appropriate volume of sample solution. Each test was performed in
duplicate and the cell concentration was adjusted at 30 x 104 cells per
1.5 ml medium in each 10-ml Erlenmeyer flask. All flasks were shaked on
a gyratory shaker (70 rpm) at 37°C for 24 hr.

Tissues from chick embryos were treated with 0.25% (w/v) trypsin

and prepared as described above.
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The level of cell aggregation was determined as follows. All flasks

were arranged in order of the size of cell aggregate by microscopical

and macroécopical obsérvations, and numbered. These numbers show the
level of cell aggregation. Specifié'activity of each factbr was estimated
as follows. When-serial—diluted factor could not promote the level of
cell.aggregation, its protein concentration (ug/ml) (Lowry, O. H., et al.,
1951) at the end point of activity was determined. Thé protein concent-
ration of the purified factor at the end,éoinf waé divided by thaf of
crude factor at the end point. And tﬁé.specific activity was represented
by the reciprocal of the quotient, i.e., the specific activity could be
shown as follows.

protein concentration of crude factor at the end point

specific activity =
protein concentration of purified factor at the end point

SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE (iﬁ% gel) was performed on slab gel (Ostrove, S. and Maizel,
J., 1973). Samples were precipitated with 5% (w/v) cold trichloroacetic
acid followed by precipitation with cold aceton. The pellets were dried
up and solubilized at 30°C for 12 hr with sample buffer containing 1%’
(w/v) sodium dodecyl sulfate (SDS), 10% (w/v) glycerol, 0.01% (w/v)
phenol red and 0.15 M 2-mercaptoethanol in 0.05 M Tris-HC1l buffer (pH 8.2),
and boiled for 1.5 min. Slab gels were run at 100 V until phenol red marker
reached the end of the gels (about 5 ﬁr). Gels were fixed and stained
for proteins with 0.2% (w/v) Coomasie Brilliant Blue, 50% methanol and 7%
acetic acid in distilled water and destained by 50% methanol and 7% acetic

acid in distilled water.
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Estimation of Molecular Weight

On Sephadex G-200 column (2 x 65 cm), molecuiar weight was estimated
(P. Andrews, 1964)by using standard markers as follows: 2 x crystallized
trypsin (2.3 x 104 daltons) (T'sin), monomer (6.8 x 104 daltons) (HSA) and
dimer (13.6 x 104 daltons) [(HSA)Z] of human serum albumin. Void:fraction
was estimated by Blue Dextran (BD). Phenol red (PR) was used as an
internal marker. These markers were eiﬁted with PBS(-).

In the case of SDS-polyacrylamide gel electrophoresis (127 gel),
following standard markers were used (Weber, K. and Osborn, M., 1969):
myosin (20 x 104 daltons), B-galactosidase (13 x 104 daltons), human

4 daltons), ovalbumin (4.3 x 104 daltons) and

serum albumin (6.8 x 10
lysozyme (1.43 x 104 daltons). Each factor was run with these markers

on slab gels at the same time.



RESULTS -

Purification of Cell-aggregation Promoting Factors

In the case ;hat most of cells in suspension are single cells,
there are methods appropriate to quéntitative measurement of cell
aggregation level (Curtis, A. S. G., 1969). However, in the case of
most cells being cell aggregates, there is only a less quantitative
method for measurement of aggregate siéé (Moscona, A. A., 1963). The
cell-aggregation promoting activity of conditioned medium showed the
latter property. Therefore, all flasks were arranged in order of
aggregate size and numbered from the flask showing the lowest cell-
aggregation leve}. Since this number corresponded to the size of cell
aggregate, the level of cell aggregation could be measured semi~-quantitatively.
Using this method, we could readily find the chromatographic fractioﬁs
having maximal promotive-activities of ‘cell aggregation.

Cell—aggregation.promoting factors in serum-free conditioned
medium of CHL 36 were purified as shown in Fig. 1. The conditioned
medium, i.e., crude factor (85 mg protein from 8 litre of conditioned
medium obtained from the culture of ca. 5 x 10lo cells) was fractionated
on Sephadex G-200 column (Fig. 2). There exist three peaks of the
cell-aggregation promoting activity; G.0, G I and G II fractions. Theée 7
three fractions were pursued by further chromatography through the

process. shown in Fig. 1.

CI fraction: The first activity peak (G I fraction) in included fraction

on Sephadex G-200 column was further purified by re-chromatography on
Sephadex G-200 column, and fractionated three times by QAE Sephadex (A-50)
chromatography. There was obtained a single absorption peak on the third

QAE Sephadex column (Fig. 3a). This purified substance was once applied



to Sephadex G-200 column in order to check the deviation in the eluted
position and in cell~aggregating activity (Fig. 3b). One sharp
absorption peak was seen at the region corresponding to molecular weight
of 12.0 * 1.0 x 164 daltons and a small shoulder was observed at the
region corresponding to the void volume. Cell-aggregating activity
was seen at both regions. This shoulder was thoughp not to be some
contaminated other materials, but the.éggregated one resulted from
aggregation of the macromolecules at the main peak regioﬁ, since this
small shoulder could be observed in the same proportion even when the
main peak substance was re-chromatographed on Sephadex G-200 column
and the SDS-PAGE of the small shoulder substance at the void volume
showed a single gand, which corresponded to the single band of the
main peak subst&iﬁ%%6a%his single-banded region corresponded to 13.3 %
0.5 x 104 daltons when calculated from the electropherogram (Fig. 6b

and Table 1). This purified factor from G I fraction was named FG I.

G II fraction; The second activity peak in the included volume of

Sephédex G-200 column yielded three active fractions designated as

QAE I, II and III fraction By QAE Sephadex (A-50) chromatography (Fig.
4). TFrom the fraction of QAE I, single absorption peak was obtained
by rechromatography of QAE Sephadex (A-50) (Fig. 5a) and further its
active fraction was applied to Sephadex G-200 column in order to
examine the molecular wéight of active macromolecule and whether the
elution pattern at 225 nm corresponds to the cell-aggregating activity
(Fig. 5b). Fig; 5b shows that the single activity peak closely
corresponding to the absorption pattern in the included volume of
Sephadex G-200 column is accompanied with the active substance at tﬁe

void fraction. This substance eluted at the void fraction could be
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considered as the‘aggfegated macromolecules of the substance at the
single activity peak in the included volume. This purified factor

from QAE I fraction was named FQ I and estimated to correspond to a

. molecular weight of 7.0 + 0.5 x 104 daltons on Sephadex G-200 column.

SDS-PAGE of FQ I showed a single band corresponding to the molecular
weight of 5.6 + 0.4 x 104 daltons (Fig. Qp).

From active fractions of QAE II éhd III, macromolecules having
cell-aggregating activity were further purified through similar procedures
as described in the case of FQ I (Fig. 1) and these factors were designated
as FQ II and FQ III, respectively. Molecular weight of FQ II and FQ in '
were estimated to correspond to 6.7 + 0.5 and 5.5 + 0.6 x 104 daltons,
respectively, on.Sephadex G-200 column. By SDS-PAGE, FQ I and FQ II
were estimated to correspond to the molecular weight 8.1 * 0.3 and
6.3 £ 0.2 x 104 daltons, respectively (Fig. 6b). ' On Sephadex G-200
column of FQ II or FQ III, cell-aggregation promoting activity was
observed similarly at both the excluded and the included fractioms as
in the case of FG I and FQ I. |

G 0 fraction; The activity peak named G O fraction existed in the excluded

fraction on Sephadex G-200 column (Fig. 2). The G 0 fraction was further
fractionated by Sepharose 4B chromatography.’ The major activity of cell
aggregation was observed in the slightly included fractions (Fig. 7a).

It was reported that some cell-aggregation promoting substance,
which had molecular size from 105 to 5 x 106 daltons, might be acid
mucopolysaccharide resistant to pronase treatment (Pessac, B.Aand Defendi,
V., 1972). 1In order to examine whether active substances in G 0 fraction
consists of some pronase-resistant substance or only aggregates derived

from FG I, FQ I, FQ IT and FQ III, G O fraction was treated with pronase
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(200 ug/mi, 37°C for 24 hr) followed by heat treatment (100°C? 30 min)
and fractionated on Sepharose 4B column (Fig. 7b). The absorption
profile of treatedAG 0 fraction was greatly different from that of intact
G 0 fraction (Fig. 7a, b). However, the activity profile of treated
G 0 fraction was similar to that of-untrgated G 0 fraction (Fig. 7a, b).
These data suggest that most proteins in the included fraction on Sepharose
4B‘column were digested by pronase whiie'the absorption in the excluded
fraction is due to other substances than proteins. Therefore, the
activity in G O fraction is considered to depend mainly on the activiﬁy
of pronase-resistant substance(s) and partly on that of aggregated FG I, FQ I,
FQ II and FQ III, which are sensitive to pronase-treatment.

Molecular weight estimated by SDS-PAGE and recovery of FG I, FQ I,
FQ II or FQ III are shown in Table 1. Generally, through each condensation
process in cellulose tubings by negative pressure dialysis for application
to gel filtration, about 30%Z of total protein was found in precipitated
fraction by centrifugation at 3,000 rpm for 30 min. While, in the case
of column process, more than 907 of applied sample washrecovered by using
gel-filtration column and 80 to 90% was recovered by QAE column chromato-
graphy.

Specific activity of each purified factor was expressed by the
reciprocal of'ratio of the protein concentration of each factor to that
of crude factor at the end point of cell-aggregation promoting activity
in serial-diluted factor (Table 1) (Pessac, B. and Defendi, V., 1972).
Thus, the specific activity of FG I, FQ I, FQ II and FQ III was determined
as 71, 28, 14 and 33-fold, respectively, of the activity of crude factor,

i.e., conditioned medium from CHL 36.

- 11 -



Characterization of the Factor Activity

In order to examine whether each factor was brotein or acid
mucopolysaccharide, effects of 2 x crystalized trypéin, pronase E,
hyaluronidase and heat treatmentébon activity of each féctor were
tested (Table 2). Further, the effect of DNase I was examined because
Steinberg, M. S. (1963) reported that exogeneous DNA promoted cell-
aggregation level, Activitj’oévc 0 fraction was sensitive
to hyaluronidase treatment but little or not to trypsin, DNase I,
pronase or heat treatment. Judging from these data, active substancg(s)
in the pronase-treated G 0 fraction appears to correspond to acid
mucopolysaccharide as described by Pessac, B. and Defendi, B. (1972).
Activity of FG I-was sensitive to pronase treatment and insensitive to
DNase I, trypsiq and heat treatment. However, FG I treated with trypsin
was cleaved into the fragments of ca. 9 x 104 daltons and smaller ones
than 3 x 104 daltons estimated by SDS-PAGE (data not shown). Activity

of FQ I, FQ II and FQ III were sensitive to trypsin and heat treatment.

Effects of the Factors on Heterotypic Cells

We tried to examine effects of the cell-aggregation promoting
factors on heterotypic cells, i.e., the differences of responsibility
to the factors between one type cell and another type cell. The
differences could only be shown by comparison between the patterns of the
responsibilities to the factors. In order to compare among the patterns
of the responsibilities of several type cells (GMK, HeLa S3, L5178Y,
3Y110, liver and neural retina cells from chick embryos), pronase-
treated G 0 fraction, G I fraction and G II fraction on Sephadex G-200
column (Fig. 2) and crude factor were tested. Crude factor promoted
the aggregation level of CHL 36, 3Y110, HeLa S3 and liver cells, but

did not in the case of GMK, L5178Y and neural retina cells (Table 3).

- 12 -



Though each samﬁle promoted cell.aggregation of CHL 36, 3Y110 and
HeLa S3, the pattern of responsibilify of 3Y110 to each sample was
similar to that of CHL 36, but was different from that of HeLa S3.
Crude factor remafkably promoted aggregation level of liver cells
and G IT sample also promoted it, but G I and G 0 sample were ineffective.
GMK, L5178Y and ﬁeural retina cells did not respond to each sample.
These data indicate tﬁat promoted levélé of cell aggregation by each
factor depend on cell types and the promotion effect is different from

factor to factor on the same cells.

- 13 -



DISCUSSION

Most cell types employed for studying cell-to-cell adhesion can
form cell aggregate by itself in suspension. Beqause of this character
of spontaneous cell-aggregate formation, it is hard to measure
quantitatively the level of cell aggregation promoted by the factor.
Therefore, it is difficult to purify the.cell—aggregatioh promoting
factor by pursuing its activity. But éﬁch a difficulty was overcome
by the methoa usihg‘in this paper. In spite of being less~quantitative,
this method is véry useful for determination of activity peaks promoting
cell aggregation by column chromatography (Fig. 2, 3b, 4, 5b). By using
this method, five factors were detected in the conditioned medium from
CHL 36.

It was suggested that activity substancg in pronase-treated G OA
fraction was acid mucopolysaccharide, judging from the fact that the
activity of the factor was resistant to DNase I, pronase, trypsin and
heat treatments, but sensitive to hyaluronidase (Fig..7b-and Table 2)
and that macromolécules labeled with Cla-glucosamine existed at the
region with cell-aggregation promoting activity>on the Sepharose 4B
column of pronase-treated G O.fréction (data not shown). This factor
may be similar to the substance reported by Pessac, B. and Defendi,VV.
(1972), though cell origin in their experiment was different from ours.
They did not report the existence of other factors in conditioned
medium of 3T3-SV40 cells. However, we detected the presenée»of four
factors in conditionedbmedium of CHL 36. These factors are considered
to contain protein by reason that they were sensitive to proteolytic

digestion and stained with Coomasie Brilliant Blue.
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The estimated molecular weigﬁté of the factors by Sephadex G-200
column chromatography were different from those by SDS-PAGE (see Resﬁlts
section). 1In the case of FG I, FQ II or FQ.III, this discrepancy may
depend on the factor being glycoprotein, whose molecular weight is apt
to be over-estimated by SDS-PAGE (Okuyaﬁa, T. and Kondo, M., 1974).
While, in the case of FQ I, the discrgpancy may depend oﬁ highly
negative-charged residues in FQ I. |

Concerning the characters of the factors, these promoted the aggre-
gation of cells fixed with glutaraldehyde. In addition, cell—aggreggtion
promoting factor could be solubilized from the fixed cells treated with
NaSCN and it corresponded to FQ I by SDS-PAGE. These facts suggested
that the factors may play a role in cell-to-cell adhesion on cell surfaces.
Purified factors, i.e., FG I, FQ I, FQ II and FQ III were apt to form
self-aggregates of each macromolecule at condensation process or in
the case of the factors being stocked with high concentration in cold
room. A part of these aggregates was observed as the large aggregated
molecule at the void fraction on Sephadex G-200 column (Fig. 3b and 5b).
Specific activity of aggregated factor was obsérﬁed to be comparatively
higher than that of purified factor in included fraction on Sephadex
G-200 column. This fact was assumed to be due to the formation of more
stable cell aggregation by multivalent ligands.. The other part of the
aggregates was precipitated by centrifugatiﬁn at 3,000 rpm for 30 min
but some portion>of precipitated substances treated with 7 M urea, 1 M
NaSCH or 5 M guanidine hydrochloride (37°C, 24 hr) was found in the super-
natant by the centrifugation and had cell-aggregation promoting activity.
Such aggregation of purified factor appears to be a common feature of

cell-aggregation promoting substances isolated here and was also

..15-



observéd iﬁ the case of crude factor or partially purified factors,
though such phenomena were not observed in the case of the purified
factor from conditioned medium of chick neural retina cells (Hausman,
R. E. and Moscona,vA. A., 1975).

It has not been determined whether the specificity of cell
adhesion in higher animal cells is due to specific macroﬁolecules
(Moscona, A. A., 1963) -or quantitative differences of some non-specific
macromolecules involved in cell adhesion (Steinberg, M. S., 1964;
Rutshauser, U. et al., 1976). In our case, there are five factors
promoting cell aggregation in serum-free conditioned medium from the
established cell line (CHL 36), whose cell population is highly
homogeneous compared to embryonic tissue cells. Such a variety of
factors was sugéested by Pousséque, J. M. aﬁd Pastan, I. (1976).

They reported that the substances having molecular weight of
24 x 104, 13.7 x 104, 11.5 x 104 or 9 x 104 daltons estimated by
SDS-PAGE might be involved in the regﬁlation of cell adhesion in
3T3 cells by analysis of mutant of 3T3 cells .defective in cell-to-
substratum adhesion. These suggest that cell has several own factors.
Several workers pufified cell-adhééion promoting factors: collagen-
dependent cell attachment factor (more than 20 x 104 daltons) in calf
serum (Kleba, R. J., 1974), glycoprotein (5 x 104 dalton estimated by
SDS-PAGE) in conditioned medium of chick embryonic retina cells
(Hausman, R. E. and Moscona, A. A., 1975) and glycoprotein (22 x 104
daltons on SDS-PAGE) from chick embryo fibroblasts (Yamada, K. M. et al.,
1975). Concerning molecular weight and some of its character, we could

not find any macromolecules in conditioned medium of CHL 36 corresponding

to these by our assay system. This discrepancy may come from the
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different cell typésAused for’these expe?iments, and we have some results
suggesting this. The band corresponding to FG Ircoﬁld not be detected

by SDS-PAGE of cﬁpditioned media from GMK and chick embryonic neural

retina cells. But, in the case of HelLa, 3Y110 or liver cells from

chick embryo, the band corresponding to FG I was detected (unpublished -
data). These fac;s suggest -that certain factors from one cell f&pe are
different from factors of the others.: Judging from the existence of both

a variety of factors and their different effects on cell adhesion (Table 3),
it can be considered that there are quantitative and qualitétive diffefences
of macromolecules involved in cell adhesion and that specific phenomena
like a sorting—qut phenomenon (Moscona, A. A., 1963) might be due to

both quantitative and qualitative differences of these macromolecules.

Though there are few known macromolecules involved in cell adhesion
how to reflect on physiological phenomena, we can expect that studies
of cell aggregation, by using purified cell-aggregation promoting

factors, play an important role in understanding the basic mechanism

"of cell adhesion and complicated phenomena, i.e., cell-to-cell

interaction, cell transformation, differentiation and development.

-17-



M

Acknowledgment

I would like té express my appreciatioﬁ to Professﬁr A, Matsushiro,
Drs. Y. Nishimune and T. Shiomi for discussions and.critical reading of
this manuscript, to Drs. Y. Dohi and H. Ygsue for tequnical advice of
column chromatography and polyacryamidé'gel electrophoresis, respegtively,
and for valuable criticisms of the ﬁanuscript, and to Miss. R. Mori for

type-writing this paper.

-18-



'REFFERENCES
Andreﬁs} P. (i964). Estimation of mélecular weights of proteins by
Sephadex gel—filcrétion. Biochem. J. 91, 222-233.
Curtis, A. S. G. (1969). The measurement of cell adhesiveness by an

absolute method. J. Embryol. exp Morph. 22, 305-325.

Glossmann, H. and Nevill, Jr. D. M. (1971). Glycoproteins of cell

surfaces. J. Biol. Chem. 246,. 6339-6346.

Hausman, R. E. and Moscona, A. A. (1975)., Purification and charateri-
— _zation of the retina-specicic cell-aggregating factor.

Proc. Nat. Acad. Sci. USA 72, 916-920,

Igarashi, Y. and Yaoi, Y. (1975).Growth-enhancing protein obtained

from cell surface of cultured fibroblast. Nature 254, 248-250.

Kleba, R. J. (1974). Isolation of a collagen-dependent cell attachment

factor. Nature 250, 248-251.

/:> i Lowry, O. H., Rowsenbough, J. J., Farr, A. L. and Randall, R. J. (1951).
( .

Protein measurement with the folin phenol reagent. J. Biol. Chem.

193, 265-275.

Moscoﬁa, A. A, (1963). Studies on cell aggregation: demonstration of
materials with a selective cell-binding activity. Proc. Nat.

Acad. Aci, Wash. 49. 742.

Moscona, A. A. and Moscona, M. H. (1962). Sorting-out Phenomena in

chick embryo cells J. Anat. 86. 287.

-19-



5

Murphy, J. B. and Kies, M. W. (1960). Note on spectrophotomeric
determination of proteins in dilute solutions. Biochim.

Biophys. Acta, 45, 382-384.

Nicolson, G. L. and Winkelhake. J. L. (1975). Organ specificity of
blood-borne tumour metastasis deteérmied by cell -adhesion?

Nature 255, 230-232.

Okuyama, T. and Kondo, M. (1974). SDS-polyacrylamide gel electrophvresis

‘of :structural -proteins of erythrocyte membrane. Protein, Nucleic

acid and Enzyme. 74, 155-162.

Onoda, T. and Matsushiro. A. (1972). Isolation and properties of a
glucosamine-requiring mutant of Chinese hamster lung cells.

Biken Journal 16, 121-128,

Ostrove, S. and Maizel, J. (1973) Maizel Lab. Procedure for slab gelb

electrophoresis.

Pessac, B. and Defendi, V. (1971). Cell aggregation: Role of acid

mucopolysaccharides. Science 175, 898-900.

Pousséqur, J. M. and Pastan. I. (1976). Mutants of Balb/c3T3 fibroblasts

defective in adhesiveness to substratum: Evidence for alternation

in cell surface proteins. Proc. Nat. Act. Sci. USA, 73, 544-548.

Rutishauser, V., Thiery, J. P., Brachenbury, R., Sela, B. A. and Edelman,
G. M. (1976). Mechanisms of adhesion among cells from neural

tissues of the chick embryo. Pro. Nat. Acad. Sci. USA. 73, 577-581.

«20-



. Steinberg, M. S5.(1963). "ECM": its nature,origin and function in

cell aggregation. Exptl. Cell. Res. 30, 257-279.

Steinberg, M. S. (1964).~Ce11u1ar membranes in development edited by

M. Lock, Acadeﬁic Press, New York, 321.

Towne, P. L. and Holtfreter, J. (1955): Directed movemén;s and
selective adhesion of embryonic-amphibian cells.J. Exp. Zool.

128, 53.

Weber, K. and Osborn, M. (1963). The reliability of molecular
weight determinations by dodecyl sulfate-polyacrylamide gel electro-

phoresis. J. Biol, Chem. 244, 4406-4412.

Yamada, K. M. K., Yamada S. S. and Pastan, I. (1976). Cell surface
Protein partially restores morphology, adhesiveness, and contact
inhibition of movement to transformed fibroblasts. Proc. Nat.

Acad. Sci. USA 73, 1217-1221.

=21~



Crude Factor

( Conditioned Medium )

Sephadex G-200

.I

Excluded Fraction Included Fraction

(G0 Fraction ) . l

G II Fraction

Sepharose 4B G 1 Fraction
QAE Sephadex QAE Sephadex
\ I ]

Q R

FG I FQ I FQ II FQ IO

figure 1. Purification procedures.

(): This symbol means that the sample of the activity peak
region was re-chromatographed on the same size column of QAE
Sephadex (A-50). Purified materials, i.e., FG I, FQ I, FQ II and FQ III
were applied to Sephadex G-200 column (2 x 65 cm) and SDS—polyacrylémide

gel electrophoresis (SDS-PAGE).
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Figure 2. Elution profile of conditioned medium from CHL 36 by
Sephadex G-200 column chromatography.»

Sample condensed by negative pressure dialysis was centrifuged at
3,000 rpm for 30 min to remove particulate substances. The supernatant
(4 ml, 85 mg protein) was applied to Sephadex G-200 column (3 x 160 cm)
and eluted with PBS(-). The fraction s;ze was 6 ml/tube. Cell—aggre—
gation activity was tested with 0.1 ml of each fraction as described in
Materials and Methods. G 0 fraction was collected from tube No. 45 to
54. G I fraction was from No. 61 to 72. G II fraction was from No. 78

to 95. A : Absorbance at 225 mn. D: Activity of cell aggregation.
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Figure 3. Elution profiles of G I factor (FG I).

a) Elution ﬁ?ofile of FG I on the third QAE Sephadex (4-50) column
(2 x 12 cm). Samﬁlé was applied to QAE Sephadex column in 0.06 M NaCl
in 10 mM phosphate Buffer (pH 7.5) and eluted with a linear gradient
from 0.06 M (100 ml) to 1.0 M NaCl (160 ml) in 10 mM phosphate buffer
(pH 7.5). The fraction size wés 3 Ql/tubé.

b) Elution profile of FG I 6n Sephadex G-200 column. FG I purified
on QAE Sephadex column was condensed by negative pressure dialysis and
2.5 ml sample was applied to Sephadex G-200 column (2 x 65 cm) and eluted
with PBS(-). Tﬁe fraction size was 2.5 ml/tube. Activity check was
carried out with 0.2 ml of each fraction as described in Materials and
Methods. \

Standard markers wefe as”follﬁﬁs. BD: Blue Dextran. (HSA)Z:

Dimer of human serum albuﬁin; HSA: Human serum albumin. OvA: Ovalbumin.
T'sin: Trypsin. PR: Phenol red. A: Absorbance at 225 nm.

@®: Ionic strength (mMHO). O: Activity of cell aggregation.
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Figure 4. Separation of G II fraction by QAE'Séphadex (A-50) column
chromatography. , ' |

G II fraction on;Sephadex G-200 column (Fig. 2) was adsorbed to
QAE Sephadex (A-50) column (2 x 12 cm) and eluted with a linear gradient

from 100 ml of 0.06 M to 100 ml of 0.5 M NaCl in 10 mM phosphate buffer

(pH 7.5). The fraction size was 3 ml/tube. Aliquots of each fraction

was dialized against PBS(-) for 40 hr to eliminate the effect of ionic
strength on céll—aggregation and then cell-aggregation activity was

tested with 0.1 ml of each fraction as described in Materials and

Methods. QAE I fraction: Tube No. 15 to 23. QAE II fraction: Tube No.

36 to 46. QAE III fraction: Tube No. 49 to 57. A: Absorbance at 225

nm. ®: Ionic strength (mMHO). O: Activity of cell aggregation.
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Figure 5. Elution profiles of FQ I.

a) Elution profile of QAE I fraction by QAE Sephédex (A—SO) column
chrométography. QAE I fraction (Fig. 4) derived from G II fraction was
re-—chromat;ogra'phed on QAE Sephadex (A—.SO) column (2 x 12 cm) with a
linear gradient :from 100 ml of O;Og\to 100 ml of 0.5 M NaCl in 10 mM
phosphate buffer (pH 7.5). Fraction size was 3 ml per tube. The
fraction containing active macromolecule was pooled from tube No. 19
to No. 26, condensed by negative pressure dialysis and followed by
Sephadex G-200 column chromatography.

b)  Elution profile of FQ I on Sephadex G-200 column.

2.5 ml of puri.fied macromolecule from QAE I fraction (Fig. 5a) was
applied to Sephadex G-200 column (2 x 65 cm) and eluted with PBS(-).
Fraction size was 2.5 ml per tube. Cell-aggregation activityA was tested
with 0.2 ml of each fraction as described in Materials and Methods.

A : Absorbance at 225 nm. ®: Ionic strength (anHO) . 0O: Activity
of cell aggregation. BD:Blue Dextran.(HSA)Z:dimer of human serum albumin.

A

HSA:human serum albumine., OvA:ovalbumin., T'sin:trypsin. PR:phenol red.

1
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Figure 6. _SDSonlyaCrylamide gel electrophoresis(SDS-PAGE)
The slab gel was performed and stained with Coomasie Brilliant Blue

for protein as described in Materials and Methods. Following standard

markers were used; myosin{Myo), B-galactosidase(B-gal), huﬁan serum albumin

(HSA), ovalbumin(OvA) and lysozyme(Lys).

- a) SDS-PAGE of FG I sample on Sephadex G-200 column.

1: Myosin, p-galactosidase, human serum albumin, ovalbumin and lysozyme.
2: Conditioned medium from CHL 36 cells designated as crude factor(30ug).
3: FG I sample(5ug) in included fraction on Sephadex G-200..colurn(Fig. 3b).

4: FG I sample(5ig) in excluded fraction on Sephadex G-200 column.

b) SDS-PAGE of purified factors.

1: Myosin and lysozyme. 2: B—galactosidése. 3: Human serum albumin and
ovalbumin. 4: Whole cell of CHL 36(30ug of protein). 5: Conditioned medium
s i.e.,'crude factor frqm CHL 36 cells(40ug of protein). 6: FG I(5ug of
proteiﬁ) purifiedvfrom G I fraction oﬁ Sephadex G-200 column(Fig. 2).

7: FQ‘I(Sug of pfotein) purified from QAE I fraction on QAE Secphadex(A-50)
column(Fig. 4). 8. FQ II(5ug of protein) purified from QAE II fraction on
QAE Sephadex(A~50) column-(Fig. 4). 9: FQ III(5ug of protein) purified

from QAE TOI fraction on QAE Sephadex(A-50) columm(Fig. 4).
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Figure 7. Elution ?rofiles of GO fraction by Sepharoée AB column
chromatography.

a) GO fraction excluded by Séphadex G~200 column chromatography
(Fig. 2) was concentrated by negati&e pressure dialysis and centrifuged
at 3,000 rpm for 30 min. The supernatant (2.5 ml) wa§ applied to
Sepharose 4B column (2 x 65 cm) and eluted with PBS(-). Cell-
aggregation activity was tested with-b.l'ml of each fraction.

b) G O fraction treated with pronase (200 ug/ml) at 37°C for 24
hr, heated at 100°C for 30 min and centrifuged at 3,000 rpm for 30 'min.
The supernatant was applied to Sepharose 4B column k2 X 65 cm) and

eluted with PBS(-). Cell-aggregation activity was tested with 0.1 ml

of each fraction. The fraction size was 3 ml per tube. Vo:Void
fraction. It was determined by using Blue Dextran. PR: Phenol red.

A:Absorbance at 225 nm. @: Activity of cell aggregation.
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SUMMARY

Cell~aggregation promoting factors derived from the conditioned

‘medium of CHL 36 cells were studied by using cells fixed with

glutaraldehyde} The 1éVel.of cell aggregation was determined by
measuring the disappearace of single cells in suspension. By
using this methode, therassay of the cell aggregation was perform—
ed quantitatively, and same aggregation factors could be detected
as in the case of using live cells.

Charaéterizing these factors, we found the existence of some
co-operative effects between them on the fixed cell aggregation.
From the experiﬁént using the fixed cells treated previously with
theAGO or GI factor, we showed the binding of GI factor to the
fixed cells is indispensable for the synergistic effect before

GO factor binds to GI factor or the fixed cells.
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INTRODUCTION

Adhessiveness of higﬁer animal cells is generally believed to play
a key role in cell-to-cell interaction, such as metastaéis (Nicolson,
G.L. and Winkelhaké, J.L., 1975), contact inhibition of cell movement
(Yamada, K.M., et al., 1976), cell growth (Lloyd, A.C. and Josefina,
F. B., 1976), cell differentiation ( Martin, G. R.,1975 )-
and the pattern formation of tissue coﬁst?uction (Ade, -D. A, ,1975).
Little inform?tion is, however, available at present on thebmolecular
basis of cell—to—cell adhesion underlyingAthese phenomena.

We have previously repdrted the.presence of five factors which
promote cell aggregatioﬁ in the conditioned medium derived from CHL 36

cells and succeeded in purifying four of them (Tanaka, A., 1976).

‘However, by using live cells, it is difficult to study the cell
aggregation promoted by the factors quantitatively and to clarify the
precise mechanism of cell aggregation promoted by each factors since
the live cells produce substance(s) effective to cell aggregation by
themselves during the assay procedure and having an ability to aggregate
spontaneously és well. Thus, the data obtained by using live cells
become some complicated_ones and some novel method was needed to be
developed for the quantitative and more detailed>study of cell aggregation.
In the present study, we show a method for measuring the level of
cell aggregation quantitatively by using the cells fixed yith glutar-
" aldehyde instead of live ones. The interaction between the factors and

the cells fixed with glutaraldehyde was also investigated.
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 MATERIALS and METHODS

Cell and Cell Preparation

Established cell line, CHL36 derived from Chinese hamster lung cells,
was used. CHL36 ceils were passaged with 0;25%(w/v) trypsin and cultured
in Eagle;s minimal essential mediqm (MEM) containing 10%(v/v) calf
serum at 37°C for 40 hr. Cells at growing_stage were treated with 0.127(w/v)
trypsin at 37°C for 30min and washed fédr times with Dulbecco's
phosphate-buffer (Cé++,M§++free) [PBS{~)] containing 1%(v/v) Ca++,Mg++¥free
calf serum, which was dialyzed against PBS(-). 2.5ml of 4% glutaraldehyde
(Ladd Res. Iﬂd. Inc.) in 10mM phosphate buffer (PH 5.0) was added to the
cells suspended in 2.5ml of PBS(-~) containing 1%Z(v/v) Ca++,Mg++-free
calf serum and tﬁe cells were fixed in ice for 30min. After this treatment,
the cells were washed four times with PBS(-) containing 1%(v/v) calf ~
serum, suspended in PBS(-) containing 1%(v/v) calf serum and 500pg
of kanamycine per ml and étocked at 4°C. These fixed cells showed 80 to

90% of single cell rate and wereused for the cell-to-cell binding assay.

Cell-to-cell Binding Assay

' The cells fixed with 2% glutaraldehyde designated as GA=cells were washed
with PBS(-) and suspended in Ca '~free MEM bufferized with 10mM
hydroxyethyl piperazine ethan sulfonic acid (HEPES) [pH7.5] :

" 21,0,

M .o 7 . . and the medium finally contained 1mM CaCl2

5%(v/v) dialyzed calf serum andvappropriate volume of testéd sample
solution. Each tésted sample was performed in duplicate and the cell
concentration was adjusted to 30x104 ceils per 1.5ml of the medium in
each 10-ml ;E;lenmeyer flask. All samples were shak£ﬁlon'a gyratory
shaker (70rpm) at 37°C and removed at the indicaﬁed times (generally

24hr).



The level of cell aggregation was measured with haemocytometer

and expresséd by the function of single cell number per unit. volume
of suspension medium (Curtis, A. S. G. and Greaves, B, M., 1965. Orr,
C. W. and Roseman, S., 1969). This method measures the number of
residual single cells in suspension, ﬁfbm'whichvthe number of disappeared
single cells ca%;calculated.- The latter number. diréctly reflects
the level of cell aggreéétion;- In this paper, the level of cell
aggregation was shown as-follows.

% of residual single cells=NN"-2--x100

% of disappeared single cells =100-g—os_x100
(No: Single cell number per unit volume in control solution at zero
time. Ns: Single cell number in tested solution at ;ﬁ appropriate time.)

In the case of using live cells, cells were prepared as described

in "Cell and Cell Preparation'] suspended in HEPES-buffered MEM containing

1mM CaC12.2H20, 5%(v/v) calf serum and 1%(w/v) glutaminezand tested.
The level of cell aggregation was determined in order of the increasing

size of cell aggregate by microscopical and macroscopical observations

as mentioned in the previous paper (Tanaka, A., 1976).

Preparation of Conditioned Medium

The serum-free éonditioned medium from CHL 36‘cells‘was,prepared
as follows. Cells at confluent stage were incubated for 24 hr in
fresh medium, washed four times with PBS(-) and cultured in serum-free
MEM at 37°C for 3days. The conditioned media were coliected,
filtrated through glass fiber filter (Whatman GF/F), concentrated in
cellulose tubings by negative pressure dialysis and centrifuged at
3,000rpm for 30min. The supernatant designated as qrﬁde factor
was used for column chromatography or dialyzed against PBS(-) for
3days and used for experiments. -

—4-



Measurements of Protein and Carbohydrate

Protein concentration was measured by Lowry's method (Lowry, O. H.,
et al., 1951). The amount of carbohydrate was estimated by measuring
uronic acid (Matsumura, T., 1969) to determine GO concentration, by

employing glucuronic acid as a standard sample.



RESULTS

Effects of Factors on GA-cell Aggregation

Crude factor derived from CHL36 cells was shown to have the
activity to promote cell aggregation (Tanaka, A., 1976). Howevef, it
was rather difficult to measure the level of cell aggregation quantita;
tively by using live cells since the cel;é aggregate spontaneously.
Therefore, we tried to use the c¢ells fixed with glutaraldehyde (Capaldi,
R. A., 1973) for the more quantitative measurement of cell aggregation
promoted by the factor. It was observéd by macroscopical and microsc;pical
observations that the number of larger particles increased as the number
of single cells in suspension decreased with the time in the presence
of the factor, and the assay involved measuring the decrease in singlg
cells as a functibn of time or of dose of crude factor as described in
MATERIALS and METHODS. Fig.la shows that the relationship between the
logarithm of residual single cell number in suspension and time is
linear from 8 to 24-hr shaking. The slope of the lines related to the
concentration of added érude factor: i.e., the rate of GA-cell aggrega-
tion was a function of factor concentration. The effect of increasing
amounts of crude factor on the rate of aggregation is shown in Fig. 1b.
" The relationship between the logarithm of the factor concentration and
disappeared single cell number in suspension was linear over the range
from 1 to 120‘ug of protein per ml in 16 to 24-hr shaking. But, in
8-hr shaking, that was linear from 10 to 120 ug protein of the factor
per ml. On the basis of these findings, this method is indicated to
be very useful for quantitative studies of cell aggregation promoted
by the factor.

In order to examine what kind of substances promote the GA-cell
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aggregation and whether these substances correspond to the factors to
promote the level of live-cell aggregation (Tanaka, A., 1976), separation
of activity substances was carried out as described below. Crude factor
was applied to Sephadex G-200 column (3 x 100 cm).and eluted with PBS(-)
(Fig. 2a). And cell-aggregation promoting acfivity in each fractionl
was determined by using live cells or-GA‘Eells (Fig. 2b). 1In the cése
of live cells, the activity was determined by ordering the aggregaté
size (Tanaka, A., 1976), while the level of GA-cell aggregation was
determined as described above. Three regions (designated as GO, GI
and GII fractions) having actigity of cell aggregation which were
determined by using live cells corresponded to those by using GA cells.
This may indicate that both live and GArceil aggregation are promoted
by the same facéérs. Each fraction on QAE Sephadex (A-50) column of
GII fraction and the factors (designated as.FGI,FQI,FQII and FQIII)
purified by using live cells were also examined about the activity by

of GII fraction
using GA-cells. Fig.3 shows the activity profile/PniQAE Sephadex (A-50)
column. The profile was very similar to that determined by using live
cells (Tanaka, A., 1976), and aggregation of GA-cells was also promoted
by the purified factors (Table l)f GO fraction excluded by Sephadex
G-200 column chromatography contains acid mucopolysaccharide substances,
whose activity is resistant to pronase treatment and sensitive to
hyaluroﬁidase (Tanaka, A., 1976). Thé'GO fraction treated with pronase
E (designated as GO sample prepared as described in legend to Fig.é)
also had the activity to proﬁote the level 6f GA-cell aggregation (Fig.4)v
same as live cells. These data suggest that the aggregation of GA-cells
can be promoted by the same factors detected by using live cells. These

findings obtained by using GA cells suggest that the above-mentioned

factors play a role in cell-to-cell adhesion on the cell surfaces.
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Effects of the Mixtures of the-Factors on GA-cell Aggregation.

We récently demonstraﬁed the existence of five factors which
promoted the aggregation of«live cells (Tanaka, A., 1976). However,
the mechanism how thesé factors contribute to the cell aggregation has
not been elucidated in detail . 1In the previous sections, we described
that the factors could be analyzed qﬁaniitatively._ In the present
study, we . further- investigated the effect of the mixtures on GA-cell
aggregation. The effects of GO, GI, GII sample and their mixtures on *
GA-cell aggrggation are shown in Fig. 4. It was evident that GO sample

equivalent to 0.9 pg/ml of glucuronic acid was less effective to GA-cell

. aggregation whereas GO sample equivalent to 3.6 ug/ml of glucuronic

acid was more effgctive than control sample. Thus, it is likely that
GO sample could promote the level of GA~cell aggregation -cdepending on
its concentration as well as GI and GII samples. A
The aggregation 1e§el in the cas; of the mixture of (GO + GI) or
(GO + GII) was obsefved to bé higher than that in the cése of GO, GI or
GII sample, but not in the case of the mixture of (GI + GII). Néxt,
we precisely examinmed the effects of the mixtures‘of:GO, QAEI, iI and
III sample separated by QAE Sephadex(A-50) column.chrbmatdgraéhy(?ig. 3).
In the case of the mixture of GO and QAEIIL or‘III sample, the aggregation
level of GA-cells at the rather low concenfration was higher than that
in the ca;e of GO, QAE II or III sample. While thatAat rather high
concentration of the mixture was observed to be lower(Fig. 5-11 and III).
In the case of the mixture of GO and QAE I sample, similar effect on

GA-cell aggregation were observed at rather low concentration(Fig. 5-I).

The inhibitory effect on GA-cell aggregation in the case of the rather



O

high concentration of the mixture was similar to that in the case of
(QAE I +QAEII), (QAEI + QAEIII) or (QAEII + QAEIII). Such effect of the

mixture may lead to the suggestion that there exists some co-operative
effect between factors on GA-cell aggregation.

Effects of the Previous Tfeatment-of the Factors on GA-cell Aggregation

The mixture of GO and some factors suégested the existence of co-operative
effects on the aggregation of GA-cells as described in the previous

section. To investigate the co-operative effects further, we examined,

~ the effect of the factors on aggregation of GA-cells treated previously

with another factor. GA-cells, thus treated previously with GO, GI
sample or control solution, were washed with PBS(-) and subsequently
another -

incubated in medig containingﬁfactors. GA-cells treated previously with GO
and GI samples were incubated with GI and GO samples, respectively,
while-GA-cells:treated previously with control solution were incubated
with GO, GI sample or their mixture. Thése experimental conditions were

. [0~GO] .
designated as [GO~GI], [GI~ GO],/\[O-'GI] and [0=GI + GO] y

respectively. Fig. 6 shows diagramatically the responses of thus treated

 GA-cells. The promotion effect of [GO~GI] is considered depending’.

solely on GI activity since the aggregation promoting 1eve1»of.[0->GI]
was similar to that of [GO;AGI] at rather high concentration while

some difference exists at lower EOncentration of GI sample. This

effect is supposingly due to GO bound té GA-cells during the prg—incubation,
according to the fact that the effect is similar to the iﬁhibitory -

effect of GO sample at the lower-concentration (Fig. 4). The promotion

of cell aggregation observed in the case of [GI=~GO] apparently shows

the synergistic effect by GI and GO samples. The levélrof cell aggrega-—

tion promoted by the treatment by [GI—GO] was similar to that by -

-9-



[0=~Gi + GO]. These data suggest that the previous binding of GI factor
to GA cells is indispensable for the synergistic effect before GO factor

binds either to GI or GA-~-cells,

-10-



e

DISCUSSION

Adhesive propérties,of cells play a essential role in biological
activity, and thus had been- intensively investigated in many 1aboratofies
(Curtis, A. S. G., 1967). Aitﬁbugh the entire mgchanism of this process
remains unsolved at présent, one of thé'major'interests for the investi-
gators engaging in the study have been;ﬁnravelling the complex tapestry

involving many steps of the process. These steps may even be sequential,

'alth&%h not necessarily synchronous among all the cells in an aggregate,

or among different aggregates in the common suspension. Thus, in the

studies of using.live cells, many complicated phenomenon are involved

altogether to form stable cell aggregate, such as macromolecular synthesis

(Moscana, M. H. and Moscona, A. A., 1966) , microtubules (Goldmgn, R. D.,
1971), microfilaments (Appleton, J. C. andrkémp, R. B., 1974), calcium
and magnesium ions (Curtis, A. S. G.;’1967y and ‘cy¢lic AMP (Johnson, G. S.
and Pastan, I., 1972).

Fixed cells could be reasonably employed for such studies eliminating

the effects mentioned above since it is well known that fixed cells _
aggregate in the presence of factors (Balsamo, J. and Lilien, J., 1974).
The difficulties were, however, in prepafing fixed cells in a fully
di;;ciated condition. It was also ‘hard ' . : to prepare the fixed cells
conserving an aggregation level which could be estimated by the single cell
disappearance method, which was one of the best methods for quantitative
studies of the mechanism of cell-to-cell binding. Thesé difficulties
seemed to be due to the pH and/or the presence of calcium and magnesium

ions in the preparation of cells fixed with glutaraldehyde. We were

-11-



successfuly able to measure the GA-cell aggregation levél promoted by
the factofs according to the ﬁethod described in MATERIALS and METHODS.
By thié method, thé standard deviation of the proportion of single cells
fell into the similar range to that for live cells(Fig. 1).

‘By usipg GA-cells, we tried to investigate in detéils of the
mechanism of cell»aggregation proﬁoted by the factors derived from
conditioned medium of CHL36 cells, R The activity
profiles of the factors on live cells corresponded to those on GA-cells
(Fig. 3), though an exceptional activity peak existed for CA-cells. .
This exceptional peak may be due to the difference in the assay,sensit;vity.

Accordingly, in the present study, we investigated the activity of the

peaks which manifésted either for live cells or the fixed cells.

To study the effects éf mixturesiof factors suggested.to be the ﬁresenée
of co-operative effects(Fig.4 and 5). And the effect of the previous
treatment of GI, GO, on GA-cell aggregation was further studied(Fig. 6),
suggesting that there exists synergistic effect of the mixture on GA-cell
aggregation. Such syhergistic effect séems to be due éo the previous
binding of GI to GA-cells followed by ﬁhe binding of G0 factor. Considering
the fact the main componént of GO factor is hyaluronic acid (Tanaka, A.,
1976) , which is a well-known substance to bind protein (Matsumura, T.,
1970), we speculate the meéhanism of such syﬁergistic effect as follows:
(1) In case a GO factor has multiple binding sites to suqhvprotein,

the mixture of GO and GI sample results in more stable binding by the
direct interaction betwéen these factors,

(2) after the completion of binding of GI factor to GA-cells, GO factgr
binds to such site resulting in the staEiiizatiOp of the cell-to-cell

adehesion,

-12-



(3) the rearrangement of membrane macromolecules directlf relating to
cell-tO-cell binding may result from the adsorption of GI factor to GA-
cells followed by the binding of GO factor, just as an well-known
patching phenomenon in higher animal cells(Edelman, G. M., et al.,

1973).

This problem remains unsolved and further study is in progress.
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Figure 1. Effect of crude factor on GA-cell aggregation.

Flasks containing following‘coﬁcentration of crude factor per ml of
HEPES-buffered MEM, i.e., 1(A), 10(®), 30(7_) or 120(-,) ug of protein
were shaked for'8(.), 16(4A) ‘and 24hr(m ). The level of cell aggregation
in each flask was measured as described in MATERTALS and. MRTHODS. The net
difference between the control and the test system was calculated and
plotted as described below. Each value was the mean in duplicate and

the deviatiqn of the value were expressed by bars.

a) Aggregation kinetics of GA cells. Qrdinate: The logarithm of
percentage of residual single cell number in each flaék. Abscissa:
Shaking time(hr)L

b) Dose effect of crude factor on GA cell aggregation. Ordinate:
The level of cell aggregation expressed by percentage of disappeared
single cells. Abscissa: The logarithm of concentration of crude factor

(ug of protein per ml).
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Figure 2. Actiﬁity profiles of conditioned ﬁedium from CHL 36 cells
on Sephadex G-~200 colum.

Conditioned medium, i. e;, crude factor prepared as described in
MATERIALS and METHODS was applied to Sephadex G-200 column(3 x 100cm)
and eluted with PBS(-). The fractién size was 6ml/tube. GO fraction
was collected from tube No. 45 to 54. GI fraction was from No. 61 to

72. GII was from No. 78 to 95.

- a) Elution profile on Sephadex G-200 column. A : Absorbance at 225nm.

b) Activity profile of cell aggregation on the same column of Séphadex

G-200. The cell aggregating activity was tested with 0.1ml of each fraction
by using live cells(O) and GA cells(M), and measured as mentioned in

MATERIALS and METHODS.
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Figure 3. | Activity profile of G II fraction on QAE Sephadex

(A-50) column.

GII fraction of Sephadex G-200 column was applied to QAE Sephadex

(A-50) column (2x12cm) and eluted with a linear gradient from 0.06M to

0.5M Nacl in 10mM phosphate buffer (PH7.5). The fraction size was |

3ml/tube. Each fraction was dialyied .

- against PBS(-) for

3 days for eliminating the effects of ionic strength on cell aggregation,

and the cell aggregating activity was measured with o0.1lul of each

fraction. Tube No.1l5 to 23, No.36 to 46 and No.49 to 54 were collected

as QAEI, II and III samples, respectively.

O : Activity measured by using GA cells.

A : Absorbance at 225nm.

@: Ionic strength (mMHO) .
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Figure-4. Effects of GO, GI , GII. sample or thgir mixtures on GA-cell
| aggregation. |
Activity peaks, i.e., GO, GI and GII fractions on Sephadex

G-200 column (Fig.2) were collected and the effects of each factor and
mixtures of the factors on GA-cell aggregation were examined. @ : GO
sample prepared as follows. GO frac?ion (Fig.2) was tfeated with
pronase E (500 ug/ml) at 37°C for 24hr, ﬁeated at 100°C for 30 min
and centrifugéd at 3,000 rpm for 30 min; And the supernatant was
dialyzed against PBS(#) for 3 days and used for éxperiments. The Gd.
concentration equivalent to the amount of glucuronic acid as described
in MATERIALS and METHODS was as follows. 1: 710 ug/ml., 2: 2. ﬁg/ml.
3: 4 pg/ml. p: GI sample onHSephadex G-200 column. Protein
concentration was as follows. >l: 3.3 ug/ml. 2: 10 ug/ml. 3: 25 ug)ml.

A: GII sample on Sephadex G-200 column. Protein concgntratiqn was
as follows. 1: 4.1 ug/ml. 2: 8.3 pg/ml. 3: 25 pyg/ml. ®W: the
incubation mixture pfepared és follows. Each sample shown as 1 or 2
was mixed with another one shown as 1 or 2, respectively. .I: the
mixture of pronase-treated GO sample with GI sample. II: the mixture
of pronase-treated GO éample with GII sample. III: the mixture éf
GI sample with GII sample.

————— : the level of cell aggregation in control solution.
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Figure 5. The mixing effects of each factor on GA-cell aggregation.

Activity peacks, i.e., QAEI’, II and III fractions on QAE Sephadex
column (Fig. 3) were collected and.-dialyzed against PBS(-) for 3 days.
These samples and GO éamples were used for experiments. @ : GO
sémple prepared as described‘ in the legend ‘to Fig.4. Tl}e GO concen-

tration equivalent to the amount of glupﬁronic acid was as follows.

1: 2 pg/ml. 2: 4 pg/ml. Protein concentrations of 1, 2 and 3 on abscissa

corresponded to 0;7»’7- 2'.>1~V:and 7 ug/ml in the case of QAEI sample (O),
1., 3 and 10 ug/mi in the case of QAEII sample (O) and 0.6, 1.8 .
and 6 ug/ml in the case of QAEIII sample (A). The mixtures (M)

of those factors were prepared as follows. One sample shown as 1 and

2 on abscissa was mixed with at_lother one shown as 1 and 2, respectivg_ly.
I, IT and IIIX wére the mixtures of GO sample with QAEI , QAEII and
QAE III samples, respectively. IV and V were the mixtures of QAEI
sample with QAEII and QAEIII samples, respectively. VI : the mixture

of QAEII sample with QAE ITTI sample.

————— : the' level of cell aggregation in control solution.
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Figure'v 6. Effects of factors on aggregétion ofVGA cells which were
tfc%t’ed previously with a factor.

CA cells ;ere shrakeélworrxha gyratory shaker (90 rpm) at 37°C for 24hr
in the fifst mediume without": factors (!5] ,i , i) or in n;edium containing
factors, i.e., GO sample (Z, 2 pg glucuronic acid per ml) and GI
sample (A » 10 ug protein pér ml). Cg}ls wélfe collecteé and washed with
PBS(-)._ Cells were then shaked (70 rpm) mat 37°C for 24hr in- medium
containing factors, i.e., GI sample, GO sample or their mixture.
Abscissa in the figure represents arbitrary concentration of factors,..{
in the second medium; O, l‘, 2 and 3 correspond to 0, 3, 10 and 20 ug
protein of GI sample per ml (O, A'. ), resp_ect:ively,‘ and 0. 0.6, 2 and
4 ug glu(}ugonic acid of GO sample_per ml (A, ®), respectively.

Each GI sample shown as 0, 1, A2 and 3 was mixed with each GO sample shown

as 0, 1, 2 and 3, respectively and the mixtures (M) were shown by O,

1, 2 and 3, respectively.





