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The effects of direct cell contact between endothelial
(ECs) and mesangial cells (MCs) on MCs prolifera-
tion were examined in a coculture system in vitro.
Mitomycin C treatedECs (M-ECs) wereplated on cul-
ture dishes and MCs were cocultured with these
M-EC& Cell number was measured at the end ofdays
1, 3, and 5. In the coculture system with direct con-
tact; the growth ofcoculturedMCs was modulated as
follows: 1) thegrowth ofMCs was inhibited up to day
3, and 2) a high level ofproliferation was observed
between days 3 and 5. This biphasic pattern of
growth could not be detected in coculture offibro-
blasts with MCs. In coculture without direct contact;
using intercup chambers, the kinetics in cell prolif-
eration between coculturedMCs andMCs alone were
essentially the same. Conditioned media derived
from cocultures up to day 3 in a contact-dependent
manner inhibited the 3H-thymidine uptake ofMC&
From these results, it would thus appear that MCs
proliferation is regulated by intercellular contact
with ECs. (AmJPathol 1991, 139:949-95 7)

In the glomerulus, the endocapillary region is a closed
space surrounded by the glomerular basement mem-
brane comprised of a capillary lumen, endothelial cells
(ECs), mesangial cells (MCs), and mesangial matrices.
Communication circuits between cells or cells and matri-
ces is important for maintenance of normal tissue physi-
ology and for the initiation and persistence of pathophys-
iologic abnormalities such as glomerular inflammation
which may lead to glomerulosclerosis.

Monocyte/macrophage-derived cytokines, represen-
tative extrinsic mediators, possess mesangial cell-
growth-stimulating1 2 and enhancing activity for extracel-
lular matrix production by mesangial cells.3 However, the
cellular and molecular mechanisms governing the

growth of mesangial cells through interactions of intrinsic
endothelial cells are poorly understood.

There is accumulating evidence that ECs are recog-
nized as important effector cells. For example, they play
active roles in proliferation of intimal smooth muscle cells
in blood vessels together with extrinsic cells of macro-
phages and platelets.45

Recently, using a cell culture technique, capillary en-
dothelial cell growth was found to be inhibited by peri-
cytes, and this inhibition was found to be dependent on
physical contact or proximity between ECs and peri-
cytes.6

In consideration of the aforementioned, an examina-
tion was conducted on the effects of ECs on MCs prolif-
eration under a condition of cell-cell contact, using an in
vitro, coculture system.

Materials and Methods

Cell Culture

Endothelial Cells (ECs)

ECs from human umbilical veins were prepared ac-
cording to the method described previously.7 The cells
suspended in complete medium, i.e., MCDB 151 (Sigma
Chemical Co., St. Louis, MO) containing 15% FCS, 50
,ug/ml ECGS (Collaborative Research, Lexington, MA),
50 ,ug/ml heparin (Sigma Chemical Co., St. Louis, MO)
were cultured in tissue flasks (Falcon #3013, Becton
Dickinson Labware, Lincoln Park, NJ) coated with fi-
bronectin. Third- or fifth-passage cells were used for sub-
sequent experiments.

Identification as ECs was made on the basis of mor-
phology under phase-contrast microscopy and indirect
immunofluorescence, using rabbit anti-human factor VIII
antigen serum (DAKO PATTS a/s, Glostrup, Denmark).

Supported by Grants in Aid for Scientific Research, Nos. 60570153 and
63570155 from the Ministry of Education, Science, and Culture, Japan.

Accepted for publication June 12, 1991.
Address reprint requests to Dr. Takako Saeki, Department of Immu-

nology, Institute of Nephrology, Niigata University School of Medicine,
Asahimachi-dori, 951 Niigata, Japan.

949



950 Saeki et al
AJP October 1991, Vol. 139, No. 4

Mesangial Cells (MCs)

Six- to eight-week-old male Wistar rats were used.
MCs were cultured from isolated glomeruli as described
previously.8 Briefly, intact glomeruli were obtained by se-
rial sieving of cortical minces. Tubular fragments were
removed by allowing the glomeruli to sediment. The sed-
iment was centrifuged at 900 g for 1 minute, and the
supernatant was discarded. Trypsin (0.25%)-EDTA
(0.01 %) in Ca+ +, Mg + + free phosphate buffered saline
(PBS) was added to the pellet that was then incubated in
a water bath at 370C for 15 minutes. Trypsin-EDTA was
subsequently neutralized by adding a medium supple-
mented with 20% FCS containing Dulbecco's modified
Eagle medium (Nissui Pharmaceutical Co., Tokyo) (D-
MEM); 10,000 isolated glomeruli were cultured in a plas-
tic 25 cm2 flask (Falcon #3013) containing 4 ml of
D-MEM supplemented with 20% FCS, penicillin, strepto-
mycin, L-glutamine. The tissue-culture flasks were incu-
bated at 370C in a humidified 5% C02 atmosphere. The
cultures were re-fed with culture medium 4 to 6 days after
plating and the medium was subsequently changed
twice a week. Under these conditions, glomerular epithe-
lial cell outgrowth was allowed to continue for 7 to 10
days. The epithelial cells were noted to senesce and be-
come detached, accompanied by the appearance of
MCs which spread out and away from the glomerular
cores; 3 to 4 weeks after plating, the cultured cells used
as mesangial cells became confluent and appeared as a
homogeneous cell population, based on the following
previously described9 10 criteria: 1) morphologically elon-
gated cell shape and multilayered growth, 2) positive im-
munofluorescence with antialpha smooth muscle actin of
intracellular longitudinal fibrils and positive desmin stain-
ing, 3) positive immunofluorescence of the cell surface
with monoclonal and polyclonal antibodies against Thy
1-1, and 4) absence of immunofluorescence with the an-
tifactor VIII antibody or antikeratin antibody. Confluent
MCs were washed, removed with 0.25% trypsin and
0.02% EDTA in PBS solution, and suspended in culture
medium and plated onto culture flasks. Experiments were
conducted on two- to five-passage MCs cultures.

Coculture Studies

Coculture with Direct Contact

To examine the effects of ECs on MCs in the coculture
system, ECs were treated with mitomycin C(MMC) so
that cell division would not occur,11 and thus increase in
total cell number should be attributed to MCs growth.
MMC has selective inhibition of DNA replication11 and
MMC treated cells retain their function under adequate
conditions.12'13

Subconfluent ECs were treated with MMC (0.5 ,ug/ml;
Sigma, St. Louis, MO) for 2 hours at 370C. The MMC-
treated ECs (M-ECs) were rinsed with PBS containing
0.02% EDTA, removed by trypsinization (0.05% trypsin),
and plated at a density of 5 x 1 04 cells per well into
fibronectin coated 24-well tissue culture dishes (Falcon,
#3047) in growth media. By the following day, a subcon-
fluent M-ECs monolayer formed. After removing the me-
dia and washing with PBS, the MCs were plated in wells
containing M-ECs at a density of 2 x 1 4 cells per well in
D-MEM containing 15% FCS and 50 ,ug/ml ECGS. Con-
trol cells consisting of MCs and M-ECs were cultured
alone under identical conditions.

The uptake of 1, 1'-dioctadecyl-3,3,3',3'-
tetramethylindocarbocyanine perchlorate labeled acety-
lated low density lipoprotein (Dil-Ac-LDL) (Funakoshi, Ja-
pan) of the M-ECs, indicating preservation one of EC
function, was monitored during the experiment as de-
scribed previously.14 For this purpose, M-ECs and/or
MCs were cultured on fibronectin-coated Lab-Tek glass
slides. The cells were incubated with 10 ,ug/ml Dil-Ac-
LDL at 37°C in media for 4 hours. The media was re-
moved and cells were washed with PBS and fixed with
10% phosphate-buffered formalin for 5 minutes. The
slides were mounted in 90% glycerol and examined with
an immunofluorescent microscope.

The angiotensin-converting enzymet (ACE) activity of
ECs and M-ECs was assayed with colorimetry using
p-hydroxybenzoyl-glycyl-L-leucin as a substrate.15 Pros-
tacyclin (PG 12) production by ECs and M-ECs was de-
termined by assaying the amount of PG 12 released into
culture medium using a radioimmunoassay for the 6-keto
derivative of prostaglandin Fl alpha, a stable catabolic
product of PG 12.

To examine the specificity of cell-cell interaction, mit-
omycin C treated (MMC 1.0,ug/ml) fibroblasts (M-FBs)
with MCs and mitomycin C treated (MMC 1 .O,ug/ml) me-
sangial cells (M-MCs) with MCs were co-cultured using
the same direct contact method as described earlier. Fi-
broblasts (FBs) were derived from human forearm skin.
The effectiveness of MMC in arresting M-FB and M-MC
growth was confirmed by the finding that cell number
was not increased during the 5 days of culture (data not
shown).

Coculture Without Contact

In this system, M-ECs and MCs were cultured in the
same well but physical contact was prevented by Inter-
cup chambers (Sanko Junyaku, Japan). Briefly, Intercup
chambers were floated on the wells of 24-well plates
whose bottoms were 1 to 2 mm above the layer of M-ECs.
MCs were then plated in the chambers. The cell concen-
tration was the same in the coculture with direct contact.
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The bottom of each Intercup chamber was a cellulose
membrane coated with fibronectin, and had 0.45 pLm
pores to permit diffusion of the soluble factors.

Cell Proliferation Assay

Cell number was measured with a coulter counter to de-
termine cell proliferation in the coculture system.

Direct Count of Cell Number in Coculture
with Direct Contact

M-ECs and MCs in coculture were directly counted ac-
cording to the following method. A cell mixture consisting
of M-ECs and MCs obtained by trypsinization from a coc-
ultured well was centrifuged, the sediment was smeared
on a slide glass, fixed with ethanol for 5 minutes, and
washed with PBS. This specimen was examined by indi-
rect immunofluorescence using rabbit antihuman factor
VIII antigen. The number of positive cells /100 cells was
measured.

Conditioned Medium (CM)

Media (D-MEM containing 15% FCS and 50 ,ug/ml
ECGS) were conditioned by coculture or control culture
for 48 hours (from day 1 to day 3), removed and centri-
fuged at 2,000 rpm for 10 minutes, filtered through a 0.22
,um filter and stored at 40C until use.

Mesangial Cell Proliferation Assay on
Conditioned Medium

Confluent MCs were harvested as follows: the medium
was aspirated and the cells were washed twice with PBS
and treated with 0.25% trypsin and 0.02% EDTA solution.
The MCs were then resuspended in 20% FCS D-MEM
and adjusted to a concentration of 25,000 cells/ml; 200 ,ul
of this cell suspension (i.e. 5,000 cells/well) were plated
on a 96-well microculture plate (Falcon #3096) coated
with fibronectin. After 24 hours culture in a 5% C02 hu-
midified atmosphere at 370C, the medium was replaced
with 0.5% FCS D-MEM twice and incubated for another
48 hours. The whole culture media were replaced with
conditioned media and incubated for another 48 hours.
3H-thymidine (0.5 p.Ci/ml) was added to each culture dur-
ing the last 18 hours. After labeling, the media were as-

pirated and 200 ,ul of trypsin-EDTA solution were added
to each well. MCs were harvested and measured for 3H-
thymidine uptake.

Effect of Anti-TGF-beta Antibody on MC
Growth-suppressive Activity

To examine whether TGF-beta is related to inhibitory ac-
tivity of MC proliferation in conditioned medium from coc-
ulture with direct contact, a neutralizing assay was per-
formed using antiTGF-beta antibody as follows.

As described earlier, MCs were plated at a density of
5,000 cells/well into a fibronectin-coated 96-well plate in
20% FCS D-MEM. The following day, the medium was
replaced with 0.5% FCS D-MEM twice and incubated for
another 48 hours. After removing the media, 150 ul of
conditioned medium obtained from coculture of M-ECs
and MCs with direct contact, and 50 ul of diluted neutral-
izing rabbit anti-human TGF-beta 1 (King Brewing, Co.,
LTD, Japan) or normal rabbit serum (NRS) were added to
each well and incubated for another 48 hours. The final
concentration of anti-TGF-beta was from 2.5 pul/ml to
0.025 p.l/ml because higher concentration of anti-TGF-
beta markedly inhibited MC proliferation even in basal
medium (15% FCS D-MEM and 50 p.g/ml ECGS) in our
preliminary experiment (data not shown). 3H-thymidine
(0.5 ,uCi/ml) was added to the culture during the last 18
hours and 3H-thymidine uptake was measured.

Statistics

Calculations were made by the unpaired t-test.

Results

Coculture with Direct Contact

The effects of vascular ECs on MC proliferation in a coc-
ulture system with intercellular contact were examined.

Figure 1 shows cell counts of M-ECs alone, MCs
alone, and total cell counts of cocultured MCs including
M-ECs. The effectiveness of mitomycin C for arresting
M-EC growth was confirmed by the finding that cell num-
ber was not increased during the period of examination in
culture of M-ECs growing alone. Cultured M-ECs all were
capable of taking up Dil-Ac-LDL throughout the experi-
ment (Figure 2). The angiotensin-converting enzyme ac-
tivity and prostacycline production were equivalent to
control levels (untreated endothelium) during 5 days of
culture (data not shown).

As noted previously, the increase in total cell number
in the direct coculture system should be attributed to the
increase in MCs only. Based on this assumption, cocul-
tured MC number data (Figure 3) was calculated indi-
rectly by subtracting the M-EC number (derived from
M-ECs growing alone) from the total direct coculture cell
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Figure 1. Effects of co-culture of mitomycin C-treated endothelial cells (M-ECs) with mesangial cells on mesangial cell proliferation. ECs
treated with mitomycin C (0.5 pg/ml) (M-ECs) were plated (5 x 104 cells/well) in 24-well dishes. 7Tefollowing day (day 0), MCs wereplated
(2 x 104 cells/well) on wells containing M-ECs and co-cultured. As controls, M-ECs or MCs were plated (M-ECs: 5 x 104 cells/well, MCs: 2
x 104 cells/well) and cultured alone. Results were mean values ofsix wells + lSD. (U): Cell number ofM-ECs cultured alone, (s): Total cell
number of co-cultured cells consisting ofM-ECs and MCs. (W): Cell number ofMCs cultured alone.

number. The validity of the above assumption and indi-
rect calculations was confirmed by direct count of cells in
coculture as described in Materials and Methods. M-ECs
in coculture all stained positively with factor Vil antigen
and the population of cells negative for factor Vil in-
creased as the indirectly calculated number of MCs in
coculture increased.

A comparison of the number of cocultured MCs with
that of MCs cultured alone is shown in Figure 3. The num-
bers of MCs cocultured with M-ECs showed no signifi-
cant difference at days 1 and 5, but a 56% decrease at
day 3, in contrast to the growth of MCs cultured alone (P
< 0.01). This indicated that after day 3, the rate of in-
crease in the number of cocultured MCs exceeded that
of MCs cultured alone. The percent attachment after an
overnight incubation of cocultured MCs was the same as
that of MCs cultured alone (data not shown).

To determine whether these phenomena are specific
for the interaction between ECs and MCs, MCs were coc-

ultured with mitomycin C treated fibroblasts (M-FBs) or

mitomycin C treated mesangial cells (M-MCs) in a con-

tact dependent manner. In no case could a higher rate of
increase in the number of cocultured MCs be detected.
The proliferation rate of cocultured MCs was always less
than that of MCs cultured alone (Figure 4).

Coculture Without Contact

The role of cell contact for mesangial cell proliferation was
determined in a culture system using intercup chambers,
in which no physical interaction could take place but
which did allow for the exchange of humoral factors be-

Figure 2. Fluorescence micrograph of M-ECs labeled with 1,11-
Dioctadecyl-3,3,3',3'-Tetramethylindocarbocyanine Perchlorate
Labeled Acetylated Low Density Lipoprotein (DiI-Ac-LDL). ECs cul-
turedfor5 days after mitomycin C treatment, were incubated with
10 jig/ml DiI-Ac-LDLfor 4 hours at 37°C. DiI-Ac-LDL was taken up
into the cytoplasm of all M-ECs, x 1700.
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Figure 3. Effects of co-culture with direct con-
tact of M-ECs and MCs on MCs proliferation.
7The influence of cell contact on the cell prolif-
eration ofMCs was examined The number of
co-cultured MCs was expressed by subtracting
the mean number of M-ECsfrom the mean of
the total number of co-cultured cells shown in
Figure 1. Results were mean values ofsix wells
+ lSD. (--): Cell number of co-cultured
MCs, (-El-): Cell number of MCs cultured
alone.

tween M-ECs and MCs. As shown in Figure 5, the kinet-
ics of cell number was the same as cocultured MCs and
MCs cultured alone.

Effects of Conditioned Medium (CM)

Media conditioned for 48 hours (from day 1 to day 3) by
individual cultures of M-ECs, MCs and cocultures of the
two cells were examined for their effects on MC prolifer-
ation. Two experiments following the same schedule in-
dicated the CM from the direct contact co-culture of
M-ECs and MCs significantly inhibited the 3H-thymidine
uptake of MCs (P < 0.05) compared with M-ECs and
MCs cultured alone. This inhibitory effect could not be
detected using CM from the co-culture of M-ECs and
MCs without physical contact (using intercup chambers)
(Figure 6a). The CM from the direct contact coculture of
M-FBs and MCs had no MC growth suppressing activity
(Figure 6b). Our preliminary examination showed MC
growth suppressing activity of CM from the coculture of
M-ECs with direct contact in a dose response manner.

Namely, 3H-thymidine uptake of MCs cultured in control
medium (i.e., at 0% CM) was 6385 ± 215 dpm; at 100%
CM, it was 2038 ± 190 dpm (32% of control); at 75% CM,
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it was 4096 + 242 dpm (64% of control); at 50% CM, it
was 4903 ± 607 dpm (77% of control); and at 25% CM,
it was 5771 ± 173 dpm (90% of control).

Effect of Anti-TGF-beta Antibody on MC
Growth-suppressive Activity

As described earlier, the CM from the direct-contact coc-
ulture of M-ECs and MCs showed MC growth-
suppressive activity. Rabbit antiserum against TGF-beta
was used to examine whether TGF-beta is responsible
for this growth-suppressive activity. In the presence of
higher doses of neutralizing anti-TGF-beta (2.5 ,ul/ml and
0.25 ,ul/ml), the inhibitory effect was diminished in com-
parison with 3H-thymidine uptake of MC in the absence
of a-TGF-beta antibody (control) (Table 1), although the
differences were not statistically significant.

Discussion

An examination was made of the effects of vascular en-
dothelial cells on mesangial cell proliferation. Using a
coculture system with intercellular contact, the following
results were obtained regarding co-cultured MC growth:
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Figure 4. Effects of co-culture ofMCs with fi-
broblasts (FBs) and mesangial cells (MCs). FBs
and MCs were treated with mitomycin C (M-
FBs, M-MCs) as described in Materials and
Methods, and plated in 24-well dishes (5 x
104 cells/well). T7e following day, MCs were
plated (2 x 104 cells/well) in wells containing
each type ofmitomycin C treated cells. Results
were mean values of6 wells + lSD. The num-
ber of co-cultured cells was expressed as the
difference between total cell number of co-
cultured cells and number of M-FBs, or
M-MCs. (-A-): Cell number of co-cultured
MCs with M-FBs. (-A-): Cell number of co-
culturedMCs with M-MCs. (-E-): Cell num-
ber ofMCs cultured alone.

1) significant inhibition occurred up to day 3, and 2) there
was a high level of proliferation between days 3 and 5.
These results indicate that proliferation of cocultured MCs
occurs in two phases; an arresting phase and a prolifer-
ating phase.

In the coculture system without direct cell contact,
growth modulation of cocultured MCs was not observed.
The kinetics in cell number was the same for cocultured
MCs and MCs cultured alone. In the coculture of fibro-
blasts with MCs, and MCs with MCs, this biphasic pattern
of modulation could not be found. The proliferation rate of
cocultured MCs was virtually constant. The modulation of
MCs proliferation noted in the coculture with direct con-

tact would thus appear to depend on "contact" (or "close
proximity") and could be detected particularly between
ECs and MCs in vitro.

The cellular mechanisms of this modulation remains to

be determined exactly. Since modulation depends on

contact between ECs and MCs, the essential process

appears to occur at an early stage when mutual contact
between ECs and MCs is maintained most effectively.
With the passage of time, MCs grow on top of each other
and the number of MCs having no direct contact with
ECs increases. In the early stage up to day 3, inhibition of
MC growth was observed in cocultured MCs compared
with the control. High-cell proliferation was noted after
this. This biphasic pattern of cell growth may be ex-

plained in terms of cell-cycle regulation. In the arresting
phase, MCs become synchronized in a cell-cycle phase
preceeding the DNA synthesis phase. As the regulatory
effect diminished or is antagonized, MCs simultaneously
begin DNA synthesis. The cells enter the proliferative
phase. In the direct coculture system, this was seen from
days 3 to 5.
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Figure 5. Effects of co-culture without con-
tact ofM-ECs with MCs on MCsproliferation.
M-ECs wereplated in a 24-well dish (5 x 104
cells/well). The following day, MCs were
plated (2 x 104 cells/well) in Intercup cham-
bers, whose bottom was a membrane having
0.45 pm pores. The chambers were inserted
into the walls containing M-ECs,followed by
co-culturing two types of cells. Results were
means of6 wells + 1SD. (- -): Cell num-
ber ofMCs co-cultured with M-ECs. (-E-):
Cell number ofMCs cultured alone in Inter-
cup chamber.
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Figure 6. Effects of conditioned media (CM)
on mesangial cell proliferation. Media con-
ditionedfor 48 hours (from at day 1 to day 3)
by co-cultures between M-ECs and MCs or
control cultures were assayed for effects on
3H-thymidine incorporation rate ofMCs (Fig-
ure 6a). Results were mean values oftriplicate
wells + lSD. lSD were less than 15% the
mean. (U): CM obtainedfrom M-ECs cultured
alone. (U): CM obtainedfrom co-culture with
direct contact between M-ECs and MCs. (U):
CM obtainedfrom MCs cultured alone. (Z0):
CM obtainedfrom co-culture without direct
contact between M-ECs andMCs using an In-
tercup chamber. (0): CM obtainedfrom MCs
cultured alone in the Intercup chamber. a),b):
P < 0. 05, b),c): P < 0.05. Effects ofCM derived
from co-culture between M-FBs andMCs with
direct contact on 3H-thymidine incorpora-
tion rate ofMCs are shown in Figure 6b. Re-
sults were mean values of triplicate wells +

lSD. lSD were less than 10% the mean. (U):
CM obtained from co-culture of M-ECs and
MCs with direct contact. (0): Basal growth
media. (N;): CM obtained from M-FBs cul-
tured alone. (U): CM obtained from co-
culture ofM-FBs andMCs with direct contact.
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Table 1. Effects ofNeutralizing Anti-TGF-4 on Mesangial Cell Proliferation in Conditioned Mediumfrom Coculture
with Direct Contact

[3H]-thymidine uptake of MCs*

Control: CMt + NRSt (2.5 ,ul/ml)
1 CM + a-TGF-,B (2.5 ,ul/ml)
2 CM + a-TGF-p (0.25 RI/ml)
3 CM + a-TGF-,B (0.05 ,ul/ml)
4 CM + a-TGF-1 (0.025 RI/ml)

Mean dpm ± SDI
4696 ± 139
5240 ± 795
5119 ± 531
4234 ± 773
4316 ± 915

* MCs were plated in 96 well plates (5 x 1 03 cells/well). After serum starvation, they were incubated with conditioned medium and various
concentrations of neutralizing anti-TGF-beta for 48 hours. 3H-thymidine was added during the last 18 hours of incubation (0.5 ,uCi/ml) and
uptake was measured (see Materials and Methods).

t Conditioned medium derived from coculture of M-ECs and MCs with direct contact.
t Normal rabbit serum.
II Values were averaged from triplicate wells t SD.

There are several reports on other cell systems in
which cell-cell interactions induce modulation of cell
growth. For example, the inhibition of cell growth with a

plasma membrane preparation, similar to density-
dependent growth inhibition, has been demonstrated in
endothelial cells,16 3T3 cells,17-19 hepatocytes,20 and fi-
broblasts.2' Heimark and Schwartz found that plasma
membrane preparations from confluent ECs to actively
inhibit growing ECs, but similar preparations from smooth
muscle cells did not.16 There may thus be an individual
mechanism of modulation that is operative in combina-
tion with each specific cell type. Experimental data ob-
tained using dye transfer indicate junctional communica-
tion between endothelial and smooth muscle cells,22 or

between microvascular pericytes and endothelial cells in
vitro.23

To clarify the mechanism of modulation, examination
was made of the effects of several conditioned media
from day 1 to day 3 on mesangial cell proliferation. The
results indicated a soluble modulator for mesangial cell
proliferation dependent on physical contact (or close
proximity) between pertinent cells and such a modulator
may be associated, at least to some degree, with the
initial phenomenon. Inhibitory factors for mesangial cell
proliferation produced in the conditioned media of ECs
such as heparinlike substances have been reported.24
The humoral factor demonstrated in this study appears to
be different from heparinlike substances because of the
necessity for cell contact. An activated form of transform-
ing-growth-factor beta (TGF-beta) was recently found to
be produced by cocultures of endothelial cells and per-
icytes.12 In that study, media conditioned by coculture of
ECs and pericytes contained activated TGF-beta and
mediated EC growth inhibition. Media conditioned by
each of the cell types alone showed a latent form of TGF-
beta. TGF-beta has been shown to be a bifunctional reg-
ulator of mouse mesangial cell proliferation.25 In sparsely
plated cells, TGF-beta diminished or ablated the prolifer-

ative response, but stimulated the proliferation of MCs
cultured more densely. The proliferative response of cul-
ture MC to TGF-beta is complex. In our experiment, the
inhibitory effect of CM from coculture with direct contact
on MC proliferation was diminished with neutralizing anti-
TGF-beta within a small dose range (from 2.5 RI/ml to
0.25 RI/ml). The reason is unknown. However, it seems
that factors other than TGF-beta-modulating MC prolifer-
ation may exist in the conditioned medium used in our
exp;riment. Cultured MCs have been shown to respond
to several cytokines and other biologically active sub-
stances including eicosanoids and reactive oxygen me-
tabolites.26 TGF-beta remains a MC-growth modulator
candidate under conditions of intercellular contact in
combination with other factors. Further examination is re-

quired.
In the present study, there are many problems to be

taken into consideration, such as differences in species
and sources of endothelial cells.27,26 Differences in struc-
ture and function have been found between ECs from
large vessels and those from the microvasculature.27
Ideally, to clarify tissue specific interactions between ECs
and MCs, glomerular ECs should have been used. Since
these cells have been difficult to obtain and maintain by
other laboratories24 -9 and our own, human umbilical vein
ECs were chosen in our study. Nonetheless this line of
approach using coculture with or without cell contact may
be expected to improve our understanding of the funda-
mental mechanisms regulating the growth of mesangial
cells. We are pursuing the idea that the disturbance of the
relationship between ECs and MCs is probably induced
by cellular and humoral factor, eventually leading to
glomerulosclerosis.
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