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The isoforms of protein kinase C (PKC) present in rat mesangial cclls were identified by immunoblot analysis with antibody raised against

isotype-specific peptides. In addition to the previously observed - and e-subspecics, mesangial cells also express the 8- and {-isoenzymes of PKC.

On cxposure to phorbol 12,13-dibutyrate (PDB) a complete depletion of PKC-8 is observed within 8 h. Removal of PDB results in a recovery of
PKC-d. In contrast, PKC-{ is unaffected by addition or removal of PDB,

Proiein kinase C; Isocnzyme; Mesangiaj cell

1. INTRODUCTION

Molecular cloning analysis hi . ..own that prtein
kinase C (PKC} is a family of at least eight isoenzymes,
all having closely related structures but differing in thuir
individual enzymological properties [1,2]. Different tis-
sue and cellular distributions have been found for the
PKC subtypes, suggesting specific roles for each isoen-
zyme in cell regulation [1,2]. Nevertheless it has proven
to be difficult to ascribe specific cellular responses to the
activation of individual PKC isoforms. In glomerular
mesangial cells PK.C fulfills two important functions: it
contributes to hormone-induced prostaglandin forma-
tion, and it acts as a negative feedback regulator of the
inositol lipid signalling cascade (for review see [3,4]).
Recently we have shown that mesangial cells express
two PKC isoenzymes, PKC-a and -&. No PKC-8 and -y
isoenzymes were detected, By comparing down-regula-
tion kinetics of PKC-a and -g isoforms after phorbol
ester treatment with the down-regulation of the cells’
functional responses, we have suggested that PKC-a
may negatively regulate hormone-stimulated InsP, gen-
cration, whereas PKC-g may transmit activation of pro-
staglandin synthesis [5). In this report, we demonstrate
that mesangial cells in addition to PKC-a and -¢ also
express PKC-4 and -{ isoenzymes. Whereas the kinetics

of down-regulation of PKC-J is similar to those of

PKC-a, PDB does not affect PKC-{ at all.
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2. MATERIALS AND METHODS

2.1. Chemiicals

Phorbol 12,13-dibutyrate (PDB) was obtained from Calhiochem,
Lucerne, Switzerland; all cell culture nutrients were from Boehringer-
Mannheim, Germany; all other chemicals used were from Merck,
Darmstadt, Germany, or from Bio-Rad, Glattbrugg, Switzerland.

2.2, Cell culture

Rat renal mesangial cells were cultured as described previously [6}.
In a sccond step, single cells were cloned by limited dilution using
96-microwell plates. Clones with apparent mesangial cell morphology
were characterized [7) and used for further processing. The cells were
grown in RPMI 1640 supplemented with 10% {v/v} fetal calf serum.,
penicillin (100 U/ml), streptomyein (100 gg/ml) and bovine insulin
0.66 U/ml). For the experiments, passages (0 to 16 of mesangial cells
were used.

2.3, Peptide synthesis and generation of antibodies

Synthetic peptides based on the C-1ciminal sequence deduced from
brain ¢cDNAs of mt PKC-8 (659-KGFSFVNPKYFQFLE-673 ...
rat PKC-{ (577-Gr EYINPLLLSAEESV-529) were synthesized on an
ABI 431 peptide syathesizer, coupled to Keyhole-limpet haemocyanin
by ghutaraldehyde and used to immunize rabbits as described previ-
ously [8].

2.4. Immunoblot analysis of PKC isoenzyies

Confluent mesangial cells in 100 mm-diameter dishes were washed
with phosphate-buffered salinc (PBS) and incubated for 24 hin 10 mi
DMEM containing 0.1 mg of fatty acid-free BSA/ml and the indicated
concentrations of phorbol esters. After incubation, the cells were
washed three times with PBS and incubated with fresh DMEM for the
indicated recovery periods. Thercafter the cells were washed with
ice-cold PBS and scraped into 9.5 ml of icecold homogenization
buffer (20 mM TriwHCL, pH 7.5, 1 mM EDTA. 1 mM EGTA. 2mM
dithiothreitel, 25 gg of leupeptin/mi, 30 niM phenylmethanesulphonyl
luoride, 10 mM benzamiding) with a rubber policeman. Fractionation
into cytosolic and partizulate “ructions was performed as deseribed
previousty {5]. Protein concentration was determined by the method
of Bradford {9], The PKC fractions were subjected (o SDS-PAGE (8%
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Fig. 1. Characterization of anti-PKC-d and anti-PKC antisera speci-

ficity. Specificities of anti-PKC antisera towards their respective anti-

gens were tested using insect cell extracts expressing recombinant

PKC-a. PKC-8,. PKC-§., PKC-y. PKC-6 and PKC-{ [28]. Identical

amounts of protein (10 ug) were resolved on SDS-PAGE and immu-

noblotted using the anti-PK C-3 {A) or anti-PKC-{ (B} antisera. Bands
were detected with *Pl-labelled anti-rabbit antibodies.

acrylamide gel) as described by Lacmmli [10]. and blotted on to a
nitroceiiulose paper for 1 h at 250 mA using a Bio-Rad Transblot
apparatus. Nitroccllulose filters were blocked with 3% (w/v) BSA in
PBS for 1 h and incubated for 4 h with antiserum reactive with PKC ¢
or -, respectively, in PBS containing 0.1% BSA. After washing with
PBS containing 0.1% Tween 20, the filiers were incubated for 30 min
with horseradish peroxidase-conjugated anti-rabbit 1eG antibodics,
and colour development was performed as described [S). Alternatively,
immunoreactivity was analyzed using '**I-1abelled anti-rabbit antibod-
ies (Amersham).

3. RESULTS

The PKC isoenzymes in mesangial cells were charac-
terized by immunoblotting analysis using polyclonal
anti-peptide antibodies. For the - and (-isoenzymes,
the antibodies were raised against synthetic peptides
corresponding o specific sequences of the C-terminal
part of rat brain PKC. Specificities of anti-PKC antisera
towards their respective antigens as well as the other
PKC subtypes were tested using insect cell extracts ex-
pressing recombinant PKC-a, PKC-8,, PKC-5,, PKC-
7. PKC-J and PKC-4. Identical amounts of each indi-
vidual PKC subtype were loaded onto SDS-PAGE and
transferred to nitrocellulose. Each anti-peptide anti-
body reacted specifically with its own antigen, showing
no cross-reaciivicy with the other PKC iseenzymcs (Fig.
1). Preliminary data indicate that the antibodies also do
aot cross-react with PKC-z or PKC-n (data not shown).
Immunoblot analysis of cytosolic and particulate frac-
tions of mesangial cells displayed strong immunoreac-
tvity for both isotypes. 78 kDa PKC-6 and 68 kDa
PKC-{ tF1z. 2y Whereas PKC4 immunoreactivity is
predominantly present in the particulate fraction, PKC-
¢ is picferentially Jocated in the cytosolic fraction (Fig.
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2. lane 1). A 24 h incubation with PDB resulted in an
almost complete (>90%) down-regulation of PKC-6
(Fig. 2, lane 2). In contrast, PDB treatment for 24 h did
not induce down-regulation of PKC-{. After 24 h PDB
exposure cells were washed extensively, fresh medium
was added and the celis were allowed to recover from
the down-regulation regimen. PKC-4 reappeared in the
particulate fraction within 4 h (Fig. 2, lane 4) and re-
sumed control levels in the memurane compartment
after 32-48 h (lanes 6 and 7). There was only a partial
recovery of PKC-¢ in the cytosolic fraction. Again,
PK.C-{ was unaffected by the removal of PDB (Fig. 2).
The data in Fig. 2 clearly demonstrates that a 24 h
treatment of mesangial cells is sufficient to down-regu-
late PKC-4. In order to get a more detailed time-course
of PKC-J depletion, additional time points of PDB ex-
posure were examined. Fig. 3 shows that short-term
exposure to PDB for up to 1 h results in an increase of
membrane-bound PKC-§, consistent with a transloca-
tion of the enzyme from the cytosolic to the particulate
fraction. Long-term treatment with PDB results in a
progressive loss of PKC-8, with a complete depletion
observed after 8 h.

4. DISCUSSION

Mesangial cells are a major determinant of the glc:ne-
rular filiration rate. Morphologically, mesangial cells
resemble vascular smooth muscle cells and are able to
contract upon stimulation by vasoactive hormones [3].
When appropriate agonists, such as angiotensin Il or
vasopressin, bind to cell surface receptors like
mesangial cells, they activate a phospholipase C which
hydrolyses phosphatidylinositol 4.5-bisphosphate with
the formation of InsP, and i,2-diacylglycerol. The latter
serves as endogenous activator of PKC [3.4]. Kuo et al,
[11] were the first to report on the existence of PKC in
the kidney. Like many other tissues, the kidney contains
the & and 8 subspecies of PKC [12,13]. " C was also
shown to be present in the cytosolic fraction of cultured
mesangial cells [14,15]. Recently we have shown that
mesangial cells expres.s PKC-a and PKC-¢ isoenzymes.
No PKC-8 and PKC-y isoforms have been detected {5].
PKC-a and PKC-¢ displayed differential kinetics of
down-regulation and recovery after iong-term phorbol
ester treatment in mesangial cells [5.16]. These kinetics
correlated reasonably well with the time—courses of re-
moval and recovery of the specific cellular functions
ascribed to PK.C activation, i.c. stimulation of prosta-
glandin synthesis and feedback inhibition of angioten-
sin H-stimulated InsP, formation. We therefore hypoth-

esized that PKC-a may negatively regulate phospho-

mnositide hydrolysis, whereas PKC-£ may trigger prosta-
glandin generation {S,16}. In the present paper we report
that mesangial cells express, in addition 1o the prev-
ously described PKC-a and PKC-g, larger amounts of
PKC-6 and PKC< isotypes. The down-regulation ki-
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Fig. 2. Immunoblot detection of down-regulation and recovery of PKC-5 and -¢ in mesangial cells. Mesangial cells were treated with vehicle (fane

1) or PDB (500 nM) for 24 h (lancs 2-7) and after washing were incubated for recovery periods of 1 k (lane 3), 4 h (lane 4). 24 h (lane 5). 32 h

{lanc 6) or 48 h (lanc 7), and the cytosolic and particulate fractions were prepared as described in section 2. Samples (70 g of protein) were subjected

to SDS-PAGE, transferred to nitrocellulose, and Western-blot analysis was performed using antiserum against PK.C-8 and - at a dilution of 1:100{.
Bands were detected with horseradish peroxidase. It should be noted that the iower band in the upper pancls represents PKC-3.

netics of PKC-6 parallels closcly those of PKC-a, thus
suggesting that PKC-d is an additional candidate for
mediating feedback inhibition of InsP, production. Fur-
thermore, we have shown that PKC-{ is resistant to
down-regulation by phorbol ester treatment, In this re-
spect PKC-{ behaves completely differently from all the
other PKC isotypes in mesangial cells. Indced prelimi-
nary structural and biochemical data indicate that
PKC-{ is related to, but distir - from, other t=oforms
of PKC. Ono et al. [17] reported that PKC-{ expressed
in COS-7 cells is unable to bind phorbol ester: and
displays a protein kinase activity that is independent of
diacylglvcerol. These data. together with our obscrva-
tions, indicate that results from long-term phorbol
ester-treated cells, so called PKC down-regulated cclls,
must be interpreteted with caution. Celiular responses
that arc not altered subsequent to long-term phorbol
ester treatment are not necessarily PKC-independent,
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Fig 3 Time-course of PKO-S cown-regulation by PMA m mesanpiad

cedls. Mesangial sells were beated with PMA (300 nM) for 1he indi-

cated time periods, and the extosolic and particulate frachions were

prepared, Samples (70 pg ol protein) were applicd (o SES-PAGLE and

transterred 1o nitrocellulose. Immunoblots were developed by using

antiserum against PKC-3 ata dilution of 111000, Bands were detected
with " Llabelled anti-tubbit amtibodies,

but may be mediated by PKC isoenzymes that are resis-
tant to down-regulation, ¢.g. PKC-J. PKC- { has been
identified in nuclei of nerve cells [18]. bovine neutrophils
[19] and in human platelets [20], but no physiological
function is known so far. The molecular weight of the
PKC isoenzyme recognized by our PKC-{ antiserum is
approximately 68 kDa. This conforms well to the mo-
lecular size of 64 kDa reported for the PKC-{ partially
purified from COS cells {17).

PKC-6 ¢cDNA from rat brain was first cloned by Ono
and colleagues [21] and also characterized by other
groups [22,23). Leibersperger et al. [24] reported on the
purification of PKC-§ from the particulate fraction
from porcine spleen. These latter authors alsc demon-
strated the presence of PKC-4 in murine keratinocytes.
bovine endothelial cells and several murine tissues, in-
cluding the kidney [25]. As in mesangial cells, PKC-¢
was located predominantly in the particulate {ractions
of the different tissues and cell lines investigated. The
apparent weight of 78 kDa for PKC-8 in mesangial cells
is consistent with the molecular size of PKC-0 purified
from porcine spicen {24]). Very recently, FKC-§ was
shown to be the major isotype of PKC expres= in
hemopoict  cells [23]). Although PKC-9 appears 1 oe
a ubiquitously distributed PKC isotype [26]. nothing is
known about specific cellular roles of this isoenzyme.
The main finding of the immunoblot analysis is that
PKC-§ is down-regulated with Kinetics resembling
closely that of PKC-a [5]. thus suggesting that PKC-x
and PKC-é are both candidates for triggering feedback
inhibition of phosphoinositide hydrolysis. 1t has been
reported that PKC-8 has a significantly lower sensitivity
towards the PKC inhibitor, K252a. when compared to
crude PKC preparations [27]. The development of more
selective. isoenzyme-specific PKC inhibitors will help to
identify the active PKC isotype unequivocally.
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