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SUMMARY

An examination was made of the ability of cells
that were cultured from various normal human
tissues to adsorb concanavalin A (Con A)-treated
red blood cells (ConA hemadsorption test).
Since most tumor cells have a high reactivity to
ConA, the ConA hemadsorption test is often
used as a convenient indicator for identifying
the neoplastic characteristics in fibroblasts. This
study revealed, however, that cultured cells from
normal kidney tissue have a remarkably high
reactivity to ConA. The morphology of these
kidney-derived cells was similar to that of
epithelioid cells. However, ConA reactivity of
fibroblasts (or fibroblast-like cells) derived from
lung, skin, bone marrow, and liver was low. The
ConA hemadsorption test is not only useful for
jdentification of neoplastic cells, but also
provides information about cell specificity.

INTRODUCTION

Establishment of a simple method for identifying
the neoplastic nature of cultured cells is
important for the advancement of cancer
rescarch. The indexes of neoplastic trans-
formations most frequently used at present
include a) loss of postconfluent inhibition of cell
proliferation,™? b) proliferative ability in soft
agar,”™7 ¢) cellular immortality,® d) loss of
diploidy,” ™! and e) changes in ConA reactivity.!?
Of these, examination of changes in the
reactivity of cells to ConA by using their ability
to adsorb ConA-labled red blood cells (C-RBC)
has been employed because this procedure
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{ConA hemadsorption test) is simple and the
specificity for neoplastic transformation is high.!
The method is especially useful to detect tumor-
associated characteristics of fibroblasts which
can be easily cultured.
Recently, Aizawa et al'®* gucceeded in employ-
ing C-RBC adsorption as an index for the aging
of cells in vitro. They found, by examining
C-RBC adsorption in cultured fibroblasts derived
from normal human fetal lungs, that adsorption
was higher in older cells than in younger cells.®
The number of C-RBC adsorbed by the cells was
proportional to the age-related increase in cell
membrane surface area.* There was no change
in the number of ConA receptors per unit area
on the membrane surface of the cells used in
their study.

Whether C-RBC adsorption of the membrane
surface of cultured human cells had tissue
specificity was examined. Cells cultured from
tissue samples of lung, liver, skin, and bone
marrow had a fibroblast morphology (or
fibroblast-like cells) and hardly adsorbed any
C-RBC. However, most of the cells cultured
from the kidney showed an epithelial morphology
with strong C-RBC adsorption. Material used in
this study was obtained from organs which had
been confirmed at autopsy as having neither
tumors nor degeneration.

MATERIALS AND METHODS
Tissues and Cells
All cells used in this study were obtained from
tissues resected during autopsy and were cultured
in our laboratory. Tissue sections were washed
thoroughly in a buffer solution containing
500 pgfml of streptomycin and 500 Ufml of
penicillin.  These sections were minced into
1 mm® or smaller pieces in 5 cm plastic dishes
(Falcon Co. USA, Cat. No. 3002) containing a
small amount of culture solution. The small
pieces were put into Eagle’s MEM (Nissui
Pharmaceuticals, Tokyo) culture solution con-
taining fetal bovine serum (FBS, Hy-Clone Co.,
USA), and were cultured at 37°C in 5% CO, in
air. After 3-10 days, the culture medium was
replaced with Eagle’s MEM containing 10% FBS.
When numerous cells began to proliferate from
the pieces of tissue, subcultures were initiated
according to methods previously reported.!>'6
" Eagle’s MEM supplemented with 10% FBS was
used for the maintenance and subculture of cells.
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Figure 1. Origin of established cells and age of tissue donors. Each organ was confirmed as having neither tumor
nor cellular degeneration at autopsy.
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A solution containing 0.125% trypsin (Difco,
USA) and 0.01% EDTA (Wako Chemicals,
Tokyo) was used for cell harvesting. Figure 1
shows the tissues used and the age of the donors.

Preparation of ConA-labeled Red Blood Celis
The method of Oishi et al'® was employed in
the preparation of C-RBC. Two milliliters of
male human blood (type A or O) was collected by
venipunciure. After suspension in 5 ml of
negative phosphate buffer saline, PBS(-), the
sample was washed twice by centrifugation for
five minutes at 1,000 rpm. Then 0.03 mli of the
red blood precipitate was added to 3 ml of PBS
in which ConA (Sigma Chemicals, USA, Cat. No.
C-2010) had been dissolved at various con-
centrations. The cells and ConA were allowed to
react at 37°C for 30 minutes. After reaction,
the red blood cells (RBC) were washed by
centrifuging twice as mentioned before, and 3 ml
of the PBS(—). was dispensed into each test
tube. The C-RBC were freshly prepared for
each experiment each day.

ConA Hemadso;-ption Test

For all cell types, the 5th to the 10th genera-
tion of the culture was used in each test. The
target cells were culfured in advance for two
days in oMEM (GIBCO, USA) culture solution
supplemented with 10% FBS, 2.5 X 10% cells
were inoculated in wells of the tissue culture
chamber with a growing surface area of 1.6 cm®
(Lab-Tek, USA), and cultured overnight at 37°C
in 5% CO,. After the cells were washed twice
in PBS(+), 1 ml of C-RBC was added to each
well. After the mixture was allowed to react at
37°C for 10 minutes, the cells were washed
three times in PBS(+). If C-RBC remained on
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Distribution of C-RBC adsorption of cultured cells derived from organs of a 4-year-old boy, by

ConA concentration. a) Kidney, b) Lung, c¢) Femoral bone marrow, d) Skin, and e/ Liver-derived cells.
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the surface of the culture chamber, the washing
procedure was repeated. Before the cells dried,
they were fixed for three minutes in acetone-
formalin fixative (pH 6.6). After being washed
in water, they were stained with Giemsa’s staining
solution, and enclosed under a cover glass. The
number of C-RBC adsorbed on the surface of
the cells was counted using a microscope,

RESULTS

Figure 2 shows the number and frequency of
C-RBC adsorbed per cell using various organ-
derived cells obtained from the same individual
(male aged 4). Cells derived from the bone
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Figure 3. C-RBC adsorption of kidney- and lung-derived cells. After adsorbing C-RBC, the cells were fixed in a
PH 6.6 acetone-formalin fixative and stained with Giemsa'’s solution. A) Kidney-derived cells showed epithelial
morphology, and B Lung-derived cells had a fibroblast-like morphology.
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marrow, skin, and liver showed almost no
C-RBC adsorption ability, while lung cells
showed weak C-RBC adsorption ability. A
slight concentration dependency was observed
up to a ConA concentration of 20 ug/mil. The
above four cell types showed a morphology
quite identical with that of fibroblasts. Kidney-
derived cells showed remarkably high C-RBC
adsorption ability. ConA-unlabeled RBC were
not adsorbed by the cells (data not shown).
C-RBC at low concentrations (5 ug/ml) were
easily adsorbed by kidney cells. However, even
when the concentration of ConA was increased
to more than 10 ug/ml, adsorption distribution
of C-RBC underwent little change. It is evident
that cell populations having no C-RBC adsorption
exist in a fixed ratio. As a result of the data
shown in Figure 2c-e, cells adsorbing six or more
C-RBC were regarded as ConA reactivity positive
and cells adsorbing no C-RBC as ConA
reactivity negative.

Figure 3 shows the C-RBC adsorption on lung
and kidney cells. The concentration of ConA in

Hiai3i3 & A ¥ C-RBCIRFHHE R & /-2 27, FlHk
Mfgix99 v C-RBCIRFFHEAR R L /2. ConA R A
0pg/ml FTHLTAOBRERFELALGNS. UL
O4FOMARIE T ATRESFMROERERL TY
7o, FHEEBRMEIEIERIZKE v C-RBCIERIFHE%:
U7z Wi, ConA THEHLTWELHRIMIEKIZE <
Mgzl s h v (7 — 7 1T HEE) . {RERE (5pg/
ml)®» C-RBCRREZ IZHFHEMI oG & hi.
L#aL, ConA®iEREH»10p/ml LI EIZE-TY,
C-RBCOWMFHMIIHENELS Lol T2
by, C-RBCBRAHFHRO & WillakEHAZIE—ED
HOBOWTHEETIZEFHEITHS. H2c-e 2
RLEER,»S5, 6L LD C-RBC # 357 S4ilfa
% ConA KntEfaME - L7, #( C-RBCZzW#FL &
Wil % ConA KIotEEfE &+ 5.

B 2 U R ANla A" C-RBC & MR L 2 fkF &
31T, C-RBC H® ConA M 1240pg /ml T



RERF TR 16-83

=6 C-RBC/cell p—— 0 C-RBC/cell
| —_— a —_—
100 o) a;
a
i Bam
am v af
- v a}‘
: S . ap U
2 I~ .af L
w vym
2 .
8 Aym @ym
£ 5ot AYM
[
- Qaf Qaf
z - Oym Oym
v
g | ym Aym
w eYym
o L v ym
f AYym af Oym
L AYm a af Ry am
af Vym am
A ym af af
0 af ‘ym Ay = am
af
(l 1 1 qI \\l 1 ‘\l 1 1 1
G 0 e S @ 2t A N4 ) )
o aF 0°(;<<°‘ﬁ W “_.\eﬁ‘ o ) @o‘;‘,‘o‘” W 45‘0(\9
CELL ORIGIN

Figure 4. C-RBC adsorption ability of cultured cells established from various normal human tissues. The left
panel demonstrates the percent frequency of cells adsorbing six or more C-RBC per cell, and the right panel
shows the percent frequency of cells adsorbing no C-RBC.
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C-RBC was 40 ug/ml. Lung cells were typical
fibroblasts, and kidney cells showed epithelial
morphology.  Vermilion-colored human RBC
were adsorbed by cells stained with Giemsa.

The patterns of C-RBC adsorption of cells
obtained from various organs of the individuals
shown in Figure 1 mostly showed, with the
exception of kidney cells, the trends observed in
Figure 2b-e. Figure 4 shows in summary the
ability to adsorb C-RBC at a concentration of
40 pg/ml. A comparison was made of the
percent frequency levels of ConA positive cells
(cells adsorbing six or more C-RBC per cell) and
ConA negative cells (cells adsorbing no C-RBC).
On comparison by age of tissue donors (those
less than 4 indicated by y, and those 44 or more
indicated by a in Figure 4), there was no
association between ConA reactivity and donor
age for skin and kidney fibroblasts. Lung
fibroblasts showed a tendency for ConA
reactivity to be higher in younger cells than in
aged cells. However, a larger number of cases
are needed in order to detect any cell type
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association between ConA reactivity and donor
age. ConA reactivity of skin fibroblasts was low.
ConA reactivity of liver and bone marrow cells
was also low.

In Figure 5, the percent frequency of kidney
cells adsorbing six or more C-RBC per cell is
shown in relation to the concentration of ConA.
The cells were cultured from a portion of
kidney tissue collected from a premature fetus
(chromosome karyotype, 44 + XX), a 4-year-old
male, a 62-year-old male, a 70-year-old female,
a 79-year-old female, an 80-year-old male, and an
85-year-old male (Figure 1). C-RBC adsorption
abilities for two cases aged 4 or less, and those
for five cases aged 62 or more, were distributed
rather widely. That is, there seems to be no
correlation between the age of tissue donors and
ConA reactivity.

DISCUSSION
Normal human diploid cells, which have a finite
doubling potential in culture system, are widely

RERF TR 16-83

Figure 5. ConA concentration dependency in C-RBC
adsorption of kidney-derived culture cells. The percent
frequency of cells adsorbing six or more C-RBC per
cell was obtained. There was no difference in C-RBC
adsorption ability between tissue donors age <4 and
age 62+
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used as an in vitro model of the aging process,
Especially, fibroblasts cultured from lung!5!™!8
and skin tissue from human fetuses'® and skin
tissue from human adults'® are frequently
employed because they are easily available, can
be established in culiure easily, and have high
proliferative ability. Cells derived from other
organs are also excellent material for studies of
aging.'® Identification of species specificity or
tissue specificity of proliferating fibroblasts and
other cells is 2 meaningful source of information,
advancing the study of cellular aging.

Furthermore, to identify the presence or
absence of tumor specificity in fibroblasts
cultured from tumor tissues is of importance for
future cancer studies.

Hayflick and Moorhead?? and Hayflick®! suggest-
ed the presence of tissue specificity in the in
vitro life span of fibroblasts, Oishi et al'?
reported that fibroblasts established from human
prostate cancer tissue show high reactivity to
ConA..

The present study investigated the ConA
reactivity of various cells in order to identify
tissue specificity of cells proliferating from
normal human tissues. Material was collected
only after confirming it to be free of either
tumors or degeneration. Cells proliferating from
kidney, lung, and skin tissues are easily
established, and proliferation of the established
cells is good. ConA reactivity of skin fibroblasts
is very low, and that of the liver cells and bone
marrow cells also seems to be low, and ConA
reactivity of lung fibroblasts is slightly higher in
vounger cells (Figures 2be and 4). However,
kidney cells showed remarkably high C-RBC
adsorption ability compared with the four other
types of cells mentioned above. Kidney cells are
characterized by their ConA reactivity at low
concentrations (S5 pg/ml) and the ratio of cells
adsorbing 50 or more C-RBC per cell is high.
However, many kidney cells do not adsorb
C-RBC even when the concentration of ConA
used to label human RBC is increased (Figure 2a).
Some of the kidney cells that do not adsorb
C-RBC demonstrate fibroblast-like morphology,
but most are difficult to classify morphologically.

From the above observations, it is evident that
ConA reactivity is tissue specific, and especially,
that a large number of ConA receptors exist on
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the membrane surface of kidney cells. However,
the ConA reactivity of individual kidney cells
varied greatly, which suggests that the kidney
cells represent a mixed population of various
cells with different types of differentiation.
However, an overwhelmingly large number of
these cells have many ConA receptors on their
membrane surface. The number of ConA
receptors may change by the cell cycle, but
Aizawa et al* do not believe this to be true.

Most of the kidney cells had an epithelial
morphology which remained stable throughout
the in vitro life span of the cells, With some
exceptions, it is very difficult to differentiate
cultured cells morphologically into epithelial
cells and fibroblasts. Particularly, after the first
generation of cultured cells has been established
and after subculturing is repeated, morphological
kinetic changes are frequently observed. The
ConA hemadsorption testis useful as an indicator
of changes in the growth kinetics of cultured
cells.
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