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Abstract Mesangial cell has several key roles in the control of glemerular Function: it partict-
pates in the repulation of glomerular filtration rate, macromolecular clearance, and as both a
scurce and target of numercus hormones and autocrines. Many of these insights mto mesan-
pial cell function have been obtained by studying mesangial cells in culture. However, no
suitable cell Lines have been established yet. We here reported the immartalization of rat kid-
ney glomerular mesangial cell by transfection of E§ and E7 genes of human papillomavirus
type 16 (HPV-16) via electroporation and lipofection. The results showed that cnly electro-
poration could transfect the genes to mesangial cells and the transfected cells maintained the
vizbulity for longer than 6 months. Fluarescence mucroscopic observation showed that cellu-
lar contractility and phagocytosis, which are the two main phenctypes of mesangial cells, are
well mamntained after transfection. The coculture of transfected mesangial cells with rat
glomerular epithelial cells showed that the growth of mesangal cells was suppressed by
epithelial cell, but the growth of epithelial cells was enhanced by mesangial cells. Moreover,
an enhancing effect on the phagocytosts of mesangial cell was also chserved in coculture.
Such results may imply that the glomerular cell-cell interaction plays an important role in
the regulation of cell proltferation and differentiation
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INTRODUCTION

The kidney glomerulus contains three different cell
types: endothelial cells and mesangial cells are closely
associated at the inner surface of the glomerular base-
ment membrane, whereas visceral epithelial cells cover
its outer shell [1]. The mesangual cell is multipotential
i 1ts fFunctions and capacities and has been presumed
entical to the regulation of glomerular hemodynamics
[2,3] Because the glomerular mesangial cells contract 1n
vitro 1n response to a variety of hormones, it has been
proposed that this cell modifies the glomerular ultrafil-
tration coefficient via alternations in glomerular capil-
lary filtration surface area [4]. Moreover, as a spectal-
ized pericyte, 1t also participates in the regulation of
macromolecular trafficking and clearance, and as both a
source and target of numerous hormones and auto-
crines [5]. Many of these insights intc mesangial cell
function have been obtained by studying mesangial
cells in culture [6,7]. The accumulation of extracellular
matrix (ECM) 1 the mesangium or the over-proli-
feration of mesangial cells causes the wreversible n.o-
gression of glomerular sclerosis and chronic renal lailure,
as was cbserved 1n the course of glomerularnephritis
and diabetic nephropathy [8,9] Communication cu-
cutts between cells or between cells and matrices are
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found te be important for maintenance of normal tissue
physiclogy and for the imitiation and persistence of
pathophysiclogic abnermalities of glomerular inflam-
mation which may lead to glomerulor scleorsis. Re-
cently, using cell culture technique and a coculture sys-
tem, the interactions between monocyte/macrophage
and mesangial cells [10,11], and between glomerular
endothehal cells and mesangial cells [12] were investi-
gated, and the results showed that the cell-cell interac-
tion mught induce and/or inhibit mesangial cell growth
which has close relationship to the glomerularnephntic
disease.

Mesangial cell culture 15 considered a useful system
for carrying out all of these experiments. However,
normal mesangial cell culture can only be obtained
from primary culture of isolated glomeruli, and 1ts vi-
ability can not be maintained over 30 doublings. There-
fore, 1t 15 difficult to chserve the long-term response of
mesangial cell to varous stimuli in primary culture. In
order to clarify the long-term response of mesangal cell
to various stimuli, an established mesangial cell 1s nec-
essary. Mackay et al. [13] reperted to establish a mesan-
glal cell ine in 1988 However, 1t was derived from
transgenic mice. Recently, the E6 and E7 genes of hu-
man papillomavirus type 16 (HPV-16) have been re-
ported to be detectable for immortalization of human
keratinocytes because E6 and E7 genes can cooperate in
the transformation of epidermal keratinocytes in vitro
[14]. Using in vitro transcoption/translation system,
the E7 gene product of HPV-16 has been shown to be
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able to bind to and coprecipitate with the cellular P105-
Rb protein (reinoblastoma susceptibility gene product),
which is responsible for the regulation of cell growth
[15], and the ES protein has been shown to bind the
cellular p53 protein [16], which is responsible for the
regulation of cell cycle. We have tried to immortalize
mesangal cell by using in vitro transfection system and
here reported the results including the observation of
main phenotypes and the cellular contractility and
phagocytosis of transfected mesangial cells. Moreover,
we also reported the coculture effect of epithelial cell on
the growth of mesangial cell; such kind of cell-cell in-
teraction between these two cells has been poorly un-
derstood.

MATERIALS AND METHOQDS
[solation and Culture of Mesangial Cell

Glomeruly were isolated from male Wistar rat at the
age of 4-6 weeks, by the method of Kreisberg et al. [17].
Briefly, thin (2-4mmy} strips of decapsulated kidney cor-
tex were minced in culture medium. Small fragments of
tissue were pushed through 212 pm-mesh stainless-steel
screens with a glass pestle. The resulting mixture con-
taiung glomerult was passed over a graded series of
screens, and single unencapsulated glomeruli were fi-
nally retained on a fine mesh screen, which were then
washed and sedimented in Hanks medium (Nissui).
These steps resulted in a preparation of gromeruli virtu-
ally free of non glomerular contaminants. For solation
of mesangial cell, isclated glomeruli were incubated
with 0 2% trypsin (Gibce BRL} in phosphate buffered
saline (PBS) at 37°C 1n a humidified 5% CO, incubator
for the removal of extracellular matrices. After centrifu-
gation at 250 g for 5 min, the recovered glomeruli were
washed with Hanks medium supplemented with 10%
FBS (Gibco BRL). After that, fresh medium of DMEM:
HamF12 (2 1) supplemented with 10% FBS was added
to cell culture to replace the old medium every 2-3 days,
and mesangial cells were used for further experiments
after 3-4 passages.

Epithelial Cell Line, Culture Medium, and Plasmids

Rat glomerular epithelial cell ine SGE1 was gifted by
Dr. T. Okigaki [18], and the cells were cultured in DHSE
medium (per liter: DMEM, 5 g; Ham's F12, 5.3 g; Na-
HCO,, 19 g; 115, 6.25 mg; EGE 1 pg) supplemented
with 10% FBS. Plasmids pDE6 and pDE7 containing E6
and EY genes, respectively, were kindly gifted by Dr.
Yasumoto [19], and were transformed to E coli JM109
for the amplification of DNA All of the DNA manipu-
lation and purification of plasmids were carried out us-
ing standard methods, described elsewhere [20].

Electroporation

25 ug each of pDE6 and pDE7 DNA was lineanzed by
digestion with restriction enzyme, Hindlll. After pur-
fication, pDES and pDE7 were dissolved in 1 mL PBS
buffer containing 11 mM glucose, and cotransfected to
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mesangial cells (5 x 10%cells} by electroporation at 950
uE 260 volt twice by using a Gene Pulser (Bio Rad) The
transfected cells were cultured 1n a selected medium
(DMEM:HamF12 (2:1) supplemented with 10% FBS
and 0.7 mg/mL neomycin) for one week. The viable
trasfected cells were then cloned using a luniting dilu-
tion technique. Positive clones were selected from single
cells and cultured to confluency for further analysis of
the cell morphology.

Lipofection

DOSPER Liposomal transfection kut (Boehringer Mann-
heim) was used for transfection. 3 % 107 cells 1n 2 mlL
culture medium were incubated 1n a 6 well plate at
37°C, 5% CO, until cells reached 50-80% confluent On
the day of transfection, cell medium was replaced by
DOSPER/DNA muxture, and 1 ug DNA with 6§ pl
DOSPER (1,3-di-oleoyloxy-2-(6-carboxy-spermyl)-propyl-
amide) in 1 mL Hepes-bufferd saline (HRS;100 pL) was
added to cell culture, drop by drop. Culture medium
was then replaced by fresh medium after 6 hr incuba-
tion at 37°C. The wviable transfected cells were then
cloned using a imiting dilution technique, and posi-
tive clones were selected from neomycin selective me-
dium,

Coculture of Mesangial Cells with Epithelial Cells

To examune the coculture effect on the cell growth of
immortalized mesangial cells with epithelial cells, me-
sangial cells and epithehal cells were cultured in 24-well
Labtek shdes (Nunc), respectively When the cell
growth of mesangial and epithehal cells reached 30%
and 80%, respectively, a silicon ring with the same di-
ameter of 24-well Labtek slide was mounted on the top
of the slide which was attached with 80% confluent of
epithelal cells, and then the slide attached with 30%
confluent of mesangal cells was mounted on the silicon
ring (Fig 1). The surfaces of shdes each attached with
mesangial or epithelial cells were faced to each other
and medium was supplied sufficiently up to the edge of
top slide. At least 14 wells were prepared in each culture
so that cell count could be performed n duplicate for
one week The time course of cell growth was then es-
timated on the basws of the counted cell numbers.

Same experiment was also conducted to examuine the
coculture effect on the cell growth of epithelial cell
with immortalized mesangial cell All manipulations are
the same as described above, except that the cell num-
bers of mesangial and epithelial cells are reversed as 80%
and 30%, respectively.

Phagocytosis

For evaluation of one of the main properties, phago-
cytosis, of mesangual cell, the immortalized cells were
cultured 1n 24-well Labtek slides and treated with 1 pL/
mlL of 0.1 um fluorescent plain microspheres (Poly-
science Inc.) for 3 h. After that, cells were washed with
PBS, fixed in 10% buffered formaldehyde on ice for 20
min, then mounted in 90% glycerol/PBS, and finally
observed via fluorescence microscopy
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Fig. 1. Experumental set up for coculture

Contractility

For evaluation of another main property, contractility,
of mesangal celis, the immortalized cells were cultured
in 24-well Labtek slides and treated with 2.9 pl/ml
anti-o-actin {ICN Biomedicals) for 3 h. Then the secon-
dary antibody FITC-labeled IgG was added for two
more hours of incubation After that, cells were washed
with PBS, fixed in [ormaldehyde, then mounted in
glycercl/PBS as described above, and fnally observed
via flucrescence microscopy.

CR1 Expression

For evaluation of the specific propervy of glomerular
epithelial cell line SGE1, the expression of complement
recepror type 1 (CR1) was investigated via fluorescence
mucrogcopy. Manipulation of cell was described as
above, except that cells were pre-treated with 0 1% BSA
for 30 mun for blocking the non-specitic reaction and
then treated with FITC-labeled anti-CD35 (CR1) anti-
body.

RESULTS AND DISCUSSION

Isolation of Glomeruli and Primary Culture of
Mesangial Cell

Fig 2(a) shows that epithehal cells appeared around
glomeruli soon after the isolation of glomeruli in the
first week. After the change of fresh DMEM:Ham’s F12
{(2'1) medium supplemented with 10% FBS every 2-3
days, epithelial cells disappeared gradually while smocth
muscle-like mesangial cells appeared approximately af-
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Fig. 2. Phase contrast mucrograph of mesangal cells outgroswn
from 1solated glomeruli (a) Cobblestone-like epithelal cells
appeared around glomeruli in 1 week after glomeruli 1solation;
(b) Epathelial cells disappeared gradually and smooth muscle-
[ike mesangal cells appeared after 2 weeks, (c) Mesangial cells
replaced epithehal cells after 4 weels

ter two weeks (Fig 2(b)) Four weeks later, epithelial
cells disappeared totally and mesanglal cells reached
confluent (Fig. 2(c)). Such phencmena have been ob-
served 1 most cases for the outgrowth of mesangal
cells from 1solated glomeruli [21-23].

Immortalization of Glomerular Mesangial Cells

The mesangial cells in 3-4 passages were used for the
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after
transfection with E6 and E7 genes. (a) Electroporated cells
showed no morphological change soon after transfection; (b)
Electroporated cells aggregated after the additicn of selective
medium; {¢) Electroporated cells recovered in one month after
the addition af selective medium; (d) Lipofected cells showed
no morphological change soon after transfection; (e} Lipo-
fected cells floated 1n medium after the addition of selective
medium, (£} Lipofected cells become mnviable 1n one month
after the addition of selective medium

immorthzation experniment by transfection of E6 and E7
genes. Fig. 3 shows the cell mophological changes after
electroporation and lipofection, respectively. The results
of electropeorated cells were shown in Fig. 3(a), (b), and
(c), and lipofected cells, in Fig. 3(d), (e), and {f). It 15
interesting to find that cell morphology did not change
soon after gene transfection either by electroparation or
by lipofection method (Figs. 3(a) and (d)), while addi-
tion of selective medium immediately caused the elec-
troporated cells to aggregate (Fig. S(b)} and the lipo-
fected cells to float (Fig 3(e)) However, after one
month of medium change every 2-3 days, the electropo-
rated cells recovered and grew well n the selective me-
dium (Fig. 3(c})), whereas the lipofected cells became
nonviable (Fig. 3(F)) Other experiments comparing the
method of electroporation with lipofection by trans-
fecting Green Fluorescent protein (GFF) DNA, also
showed the same results (data not shown). Such results
may suggest that electroporation is more sutable for
the transtection of genes to mesangual cells The higher
possibility of trasfection via electroporation is probably
due to the high quantity of DNA and large number of
cells as compared with those used in lipofection

The electroporation caused one half of the 5 = 10°
cells inviable, and the subsequent selective medium ex-
cluded the non-transfected cells. Finally, 30 positive
clones were screened by limiting dilution and culcured
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F1g. 4. Phase contrast and fluorescent mucrographs of mesan-
gal cells cultured in 6 months after transfection. (a) Phase
contrast micrograph of control cells; (b) Fluorescent micro-
graphs of contrel cells, () Phase contrast mucrographs of cells
treated with Huorescent plain microspheres; (d) Fluorescent
nucrographs of cells treated with fluorescent plain mucro-
spheres, (¢) Phase contrast micrographs of cells stained with
anti-n-actin antibody, (f) Fluorescent micrographs of cells
stained with anti-a-actin antibody.,

in mechum for more than 6 months without losing its
properties of contractility and phagocytosis. Maoreover,
the gene expression of E6 and E7 in mesangal cells has
been confumed by RI-PCR (data not shown). There-
fore, the prolonged life span of transfected cells 15 due
to E6 and EY rather than other factors such as sponta-
neous mutation.

Although HPV-16 E6 and E7 genes were reported to
be able to immortalize human epidermal keratinocytes
without producing malignancy [24,25], not all cells car-
rying ES or E7, or both, are immortalized [26]. In this
study, we demonstrated that the co-transfection of Ef
and E7 succeeded 1n prolonging the viability of mesan-
gial cell for more than 6 menths.

Cell Morphology and Property

In order to examine whether the mesangial cell mamn-
tained its morphology and property after transfetion,
cell contractility and phagocytosis were investigated
using phase contrast micrescopy and fluorescence mi-
croscopy, respectively. Fig 4(a) and (b) show the phase
contrast micrograph and Huorescent micrograph ot con-
trol cells without any treatment wath related antibodies
Cells treated with fluorescent plain mucrospheres re-
vealed that many small microspheres were phagocyto-
sized through fluorescence microscopic observation (Fig.
4{d)}, which can hardly be detected using phase con-
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Fig. 5 Time course of cell growth in coculture: (a) Coculture
effect on mesangial cell growth by confluent epithehal cell,
MC(=) mesangial cell in single culture MC{+): mesangal cell
in coculture wich epithehial cells; (b) Coculture effect on
epithelial cell growth by confluent mesangial cell; EPC(-)
epithelial cell in single culture; EPC(+): epithelial cell in cocul-
ture with mesangal cells

trast microscopy (Fig 4(c)). Fig. 4(F) shows the fuores-
cent rmicrograph of mesangial cells treated with anti-o-
actin antibody [t displays prominent cytoskeletal staun-
ing for actin with parallel fibrils throughout the cyto-
plasm, but it 18 not cbservable using phase contrast mi-
croscopy (Fig 4(e)) All these results may suggest that
mesangial cells maintain 1ts morphology and property
after gene transfection, although whether other fea-
tures, such as secretion of hormones and extracellular
matrices, are maintained or not still need to be investi-
gated.

Cell Proliferation in Coculture

30% confluent mmmortalized mesangial cells were co-
cultured with 80% confluent epithelial cell in DMEM-
Ham’s F12 (2:1) medium for one week Cells were ob-
tained by trypsinization and centrifugation, and viable
cell number was determined by trypan blue exclusion
using & hemocytometer. Fig 5(a) shows the time course
of mesangal cells during one week, grown in coculture
with epithelial cells. As compared to the single cultured
mesangial cells MC(-), the cocultured cells MC(+) re-
vealed significant suppression in cell growth by epithe-
lial cells, although both MC(+) and MC(-) showed
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Fig. 6. Fluorescent mucrograph of mesangial cell property in
single culture [MC{=)] and coculture with epithelial cell
[MC(+)]. () MC(-) treated with fluorescent plain micro-
spheres, (b) MC(+) treated with fluorescent plan micro-
spheres; (c) MC(-) staned with anu-g-actin antibody; (d)
MC(+) stained with anti-a-actin antibody.

same tendency to reach the growth peak on day 5 and
then declined rapidly on day 6.

On the contrary, when 30% confluent epithehal cells
were cocultured with 80% confluent immortalized me-
sangial cells in DHSF medium, the cocultured epithelial
cells, EPC(+), displayed a higher cell growth as com-
pared to single-cultured cells, EPC(-), although both
EPC(+) and EPC{-) showed the same tendency to reach
growth peak on day 3 and then declined gradually.
These results may suggest that the cell-cell interaction
occurred 1n the coculture of mesangal and epithelial
cells and triggered secretion of the autocrine and para-
crine cytokines or extracellular matrices, which resulted
in the induction and/or suppression effect on cell
grawth, In this study, it 1s obvious that coculture of
mesangial cells with epithelial cells showed a suppres-
sion effect on cell growth of mesangial cells, while an
enhancing effect was observed In the epithelial cell co-
cultured with mesangal cell

Change of Cell Morphology and Property in
Coculture

In crder to examine whether the coculture resulted in
any change on the cell morphology and property, cell
contractility and phagocytosis for mesangial cell, and
phagoeytosis and CRI expression, a marker for epithe-
lial cell SGE1 [27,28], were investigated. The results
were shown in Figs. 6 and 7 For mesangal cells, a re-
markable increment of phagocytosis in MC(+) was
observed as compared to that of MC(=) (Figs. 6(a) and
(b)), but no sigmficant changes in cellular skeleton be-
tween MC(+) and MC(-) were detectable {Figs. 6(c}
and {d}). For epithelial cells, neither the CR1 expression
nor the phagosytosis was found changed in bath
EPC(+) and EPC{-) Although many reports have men-
tioned that the cell-cell interaction between mono-
cyte/macro-phage and mesangial cell had enhanced the
cell growth of mesangial [10,11,27], all of these investi-
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Fig. 7. Fluorescent mucrograph of epithehal cell property in
single culture [EPC(-)| and coculture with mesangial cell
[EPC{+)| (a) EPC{-) treated with anh-complement receptor
type 1 (CR1) antibody, (b) EPC{+) treated with anti-comple-
ment receptor typel (CR1} antbody, (c) EPC(-) treated with
fluorescent plain mucrospheres, (d) EPC(+) treated wath fluo-
rescent plain microspheres.

gations were focused on the mechanisms of glomeru-
larnephritis induced by the proliferation of mesangial
ceils and over-production of extracellular matrices. Re-
cently, Saeli et al [12] pointed out the coculture of
glomerular endothelial cell suppresses the cell growth of
mesangial cell, which may imply that the interaction of
glomerular cells can regulate cell proliferation to avoid
unfavorable glomerularnephritis caused by the prolif-
eration of mesangial cells Although coculture of endo-
thelial cell and mesangial cell has been reported, cocul-
ture of glomerular epithelial cell and mesangial cell has
not been disclosed yet, probably due to the separated
locations of these two cells at the opposite sides of
basement membrane However, 1t should be noted that
basement membrane comprises a porous structure and
cell-cell interaction between epithehal cells and mesan-
gial cells such as autocrine or paracrine cytclkines can
pass through porous structure of basement membrane
and influence each other either in cell proliferation or
differentiation. We firstly demonstrated that mesangial
cell could be regulated by epithelial cell both n cell
growth and cell property. The fact that mesangial cell
growth was suppressed while phagocytosis abiity en-
hanced 1n the coculture with epithelal cells supports
our hypothesis that cell-cell interaction exists between
epithelial and mesangal cells This fact suggests that
the glomerular cells in vivo may regulate each other via
cell-cell interaction to approach an optimum condition
between them.

In conclusion, we have succeeded in immortalizing
rat kidney glomerular mesangial cell by transfecting E6
and E7 genes via electroporation. The transfected cell
maintained its viability for more than 6 months with-
out losing its main properties Moreover, an enhancing
effect on the phagocytosis as well ag a suppression ef-
fect on cell growth of mesengial cells cocultured with
eptthelial cells may suggest the cell-cell interaction ex-
15ts between these two cells.
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