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ARTICLE INFO ABSTRACT

Article history: In response to glomerular injury, mesangial cells are activated into myofibroblasts, which
Received 18 October 2006 contribute to the physiopathology of glomerulosclerosis. We have previously shown that
Accepted 20 December 2006 chronic treatment of cultured human mesangial cells with mycophenolic acid (MPA), a

specific inhibitor of guanosine nucleotide synthesis, prevents their activation and alters
cytoskeleton protein expression and associated functions, such as contractility and migra-

Keywords: tory capacity. The aim of the present study was to explore the mechanisms underlying MPA-
Mycophenolic acid induced mesangial cytoskeleton alterations.

Cytoskeleton We therein show that coincubation with guanosine (100 pM) compensates for the effects
Mesangial cell of MPA on mesangial cell proliferation and migration, and prevents MPA-induced over-
Glomerulosclerosis expression of alpha-smooth muscle actin (SMA) and basic calponin (b-calp), indicating that
Transplantation guanylates are involved in mesangial responses to MPA. MPA decreased the GTP-bound
Rho GTPases (active) form of both RhoA, Racl and Cdc42, and specifically altered the expression level of

Racl. Pharmacological inhibition of RhoA activity reduced expression of both SMA and
calponin, whereas overexpression of a dominant-negative form of Racl increased SMA
expression. Conversely, overexpression of constitutively active Rac1 resulted in SMA and b-
calp down-regulation, and fully prevented their stimulation by MPA, indicating that Rac
inactivation is responsible for MPA effects on mesangial cytoskeletal expression.

These results show that in human mesangial cells, RhoA and Rac1 exert opposite effects
on the expression of two major cytoskeletal proteins: SMA and basic calponin. Moreover,
these data highlight for the first time an integrated mechanism whereby MPA regulates
mesangial phenotype, which is mediated by loss of Rac activity.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction deoxyribonucleotides. MPA and its derivative mycophenolate

mofetil (MMF) act as immunosuppressive drugs, which have
Mycophenolic acid (MPA) is a selective noncompetitive inhibitor been shown to be effective for the prevention and treatment of
of inosine 5’-monophosphate dehydrogenase, the rate-limiting renal allograft rejection. The function of the transplanted
enzyme in the de novo synthesis of guanine ribo- and 2'- kidney was markedly improved when MMF was added and
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calcineurin inhibitor doses were reduced [1,2] through reduc-
tion of immune- and non-immune-mediated renal damage. In
animal studies, MMF ameliorated renal lesions in immune-
mediated disease, such as the anti-thy 1.1 model or the obese
diabetic Zucker rat [3,4], but was also effective in non-immune-
mediated renal damage [5,6]. In humans, MMF have been used
in small number of patients in a variety of renal diseases, and
conclusions need to be confirmed in larger studies. Never-
theless, recent studies show that MMF significantly reduced
proteinuria focal and segmental glomerulosclerosis [7].

These observations led us to study the direct effects of MPA
on mesangial cells. Mesangial cells contain a cytoskeleton
capable of contraction that is involved in the redistribution of
glomerular capillary blood flow, and is disorganized in long-
term glomerular diseases such as diabetic glomerulopathy [8].
Weused aninvitromodel of human mesangial cells transformed
with the large T antigen of SV40 (the IP15 cell line) to demo-
nstrate that, besides its antiproliferative effects, chronic MPA
treatment decreases the migration and contractile activities of
mesangial cells, an effect that is associated with alterations in
cytoskeleton expression and dynamics [9]. In particular, MPA
induces a strong overexpression of alpha-smooth muscle actin
(SMA) in IP15 cells, an effect that was also observed in early-
passage, non-transformed, human mesangial cells [10].

Based on the above findings, we hypothesized that MPA, by
decreasing the intracellular level of guanine nucleotides, may
alter the function of GTP-dependent proteins of the Rho/Rac
family, which are known to control organization and
dynamics of the actin cytoskeleton. Like most of the small
GTP-binding proteins, Rho GTPases cycle between an inactive
GDP-bound and an active GTP-bound form. The best char-
acterized members of this family are RhoA, Racl and Cdc42,
which regulate actin dynamics by acting as molecular
switches that transduce signals from activated membrane
receptors to cytoskeleton organizers. When micro-injected
into fibroblasts, constitutively activated mutants of RhoA
generate actin stress fibers, while those of Rac1 induce ruffles
and lamellipodia at the cell periphery, and Cdc42 active
mutants stimulate the formation of microspikes or filopodia
[11]. Moreover, these proteins were also recently shown to
regulate SMA expression in vascular smooth muscle cells [12].

Our results show that treatment with MPA actually
decreased the percentage of activated forms of both GTPases;
more surprisingly, MPA also decreased the expression level of
Racl. Then, we found that pharmacological inhibition of Rho
decreased, while genetic inhibition of Racl increased the
expression level of SMA in IP15 cells. Thus, Racl inhibition
mimics MPA effect on mesangial SMA. Consistent with this,
expression of constitutively activated Racl prevents MPA-
induced SMA and basic calponin expression, suggesting that
MPA affects mesangial actin cytoskeleton by inhibiting Racl
function.

2. Materials and methods
2.1. Chemicals

All products used for cell culture were from InVitrogen (Cergy-
Pontoise, France). The human mesangial IP15 cell line used in

this study has been described elsewhere [10]. Cells were grown
in RPMI 1640 medium supplemented with 100 U/mL penicillin,
100 pg/mL streptomycin, 1 mmol/L Na pyruvate, non-essen-
tial amino-acids, 1 mmol/L Hepes buffer, and 10% fetal calf
serum (FCS) (exceptions mentioned). MPA, guanosine, and
monoclonal antibodies against human SMA (1A4 clone),
vimentin (VIM-132 clone), basic calponin (hCP clone) and a-
tubulin (B-5-1-2 clone) were from Sigma Chemical (St. Louis,
MO). Anti-RhoA, -Racl and -Cdc42 antibodies were purchased
respectively from Santa Cruz, Upstate Biotechnology and
Transduction Laboratories. In most experiments, a 5-day
treatment of IP15 cells with 1 uM MPA was performed to reach
maximal intracellular GTP depletion (exceptions mentioned).

Recombinant TAT-C3 protein (Clostridium botulinum C3
exoenzyme linked to the C-terminal of the HIV TAT protein
transduction domain) was a kind gift of Dr. Gervaise Loirand
(INSERM U533, Nantes, France) [13].

2.2.  Immunofluorescence microscopy

Subconfluent cells grown on glass coverslips were fixed with
3% paraformaldehyde and fluorescently labeled as previously
described [9]. Images were obtained by using a Zeiss photo-
microscope equipped with an Axiocam digital camera.

2.3.  Western-blot analysis

Total proteins were extracted from mesangial cells and
submitted to Western-blot analysis as described previously
[10]. A 15% polyacrylamide gel was used for analysis of Rho or
Rac protein expression, and 8-10% gels were used for
cytoskeletal proteins. Total protein amount was quantitated
using the Micro BC Assay (Interchim, Montucon, France) to
ensure equal loading of lanes in comparative studies; this was
confirmed either by vimentin labeling or after conterstaining
the gel with Coomassie blue. Exposed films were numerized
using a Sony digital camera and densitometric analysis was
performed using the NIH Image 1.62 program for Macintosh.
Quantitations were performed on at least two different
Western-blots for each sample.

2.4.  Cell proliferation and migration assays

Cell proliferation was estimated using crystal violet staining as
previously described [14]. Absorbance at 570 nm was red after
extraction by the 50% ethanol/1% acetic acid buffer, and was
proportional to the number of cell nuclei presentin the culture
well.

Migration assay was performed by wounding a layer of
confluent, growth-arrested cells as previously described [9].
Reduction in the wound area was quantitated using NIH Image
1.62 software (National Institutes of Health).

2.5.  RhoA, Racl and Cdc42 activity assays

Active (GTP-bound) forms of RhoA, Racl or Cdc42 were
captured via the pull-down assay, and quantitated by
Western blotting of the precipitated material, as previously
described [15]. Rho-GTP was captured using GST-Rho binding
domain-rhotekin, and Rac-GTP and Cdc42-GTP were both
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captured using GST-Cdc42/Rac-interactive binding domain
(CRIB)-PAK.

2.6.  Expression constructs and transfection of IP15 cells

Constructs encoding wild-type (Rac WT), constitutively active
(Rac QL), or constitutively inactivated (Rac N17) mutants of Rac
were made and kindly provided by Dr. Silvio Gutkind (NIH,
Bethesda, MD, USA) [16]. All constructs contain a neomycin
resistance gene. IP15 cells were transformed by electropora-
tion, and stable transfectants were selected by culturing
transfected cells in the presence of 0.15 mg/mL of Geneticin
(InVitrogen), a dose that was selected from preliminary
experiments on the basis of its ability to kill 100% of non-
transformed IP15 cells within 7 days.

2.7.  siRNA transfection

Small interference RNAs (siRNAs) sequences efficiently target-
ing against human Racl were as described in [17]. A scramble
21-mer siRNA was used as a control. Both siRNA were
chemically synthesized as duplexes by Eurogentec (Searing,
Belgium), and were introduced in IP15 cells using Lipofecta-
mine (InVitrogen, Cergy Pontoise, France) at a concentration of
125 nM, according to supplier’s instructions.

2.8.  Statistical analysis

Statistical analyses on quantitative data were carried out by
analysis of variance (ANOVA) and comparison of means was
performed using Student’s t-test (Statview™). For all experi-
ments, p values <0.05 were considered as significant.
Statistical analyses of Western-blot gels were performed
using paired t-test, because of the semiquantitative nature
of these results.

3. Results

3.1.  Addition of guanosine prevented the effects of
mycophenolic acid

As inosine-5-monophosphate dehydrogenase inhibition is
the primary effect of MPA, we first tested whether the effects
of MPA on mesangial cells were solely dependent on
guanidylic nucleotide depletion. Serum-induced cell prolif-
eration was usually inhibited in a reversible manner by a 3-day
treatment with 1 uM MPA, a dose that was not cytotoxic [10].
Cell proliferation activity was restored in a dose-dependent
manner when guanosine was added simultaneously with MPA
(Fig. 1A). The prevention of the anti-proliferative effect of MPA
was complete at 100 pM guanosine, a concentration pre-
viously shown in other cell types to replete the guanine
nucleotide pool via the salvage pathway [18]. Similarly,
addition of 100 pM guanosine prevented the MPA-induced
inhibition of cell migration (Fig. 1B) and the overexpression of
smooth-muscle a-actin and basic calponin (Fig. 1C). Guano-
sine alone at 100 pM neither significantly affected mesangial
cell proliferation or migration, nor changed the expression
level of SMA and basic calponin (Fig. 1).
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Fig. 1 - Co-incubation of IP15 cells with supraphysiological
doses of guanosine prevents the effects of MPA. (A) IP15
cells were seeded at 10,000 cells/cm? in 24-well plates and
treated for 3 days with or without MPA (1 pM) and/or
guanosine (0.1-100 pM). At the end of the treatment
period, the number of cells per well was estimated by
measuring the absorbance at 570 nm after crystal violet
labeling (see methods). Graph represents values related to
control cells. Data are mean * S.D. from at least eight
experimental points per condition, and from four different
cultures. (***) p < 0.0001 vs. control; (1) p < 0.001, (i11)

p < 0.0001 vs. MPA-treated cells. (B) Migratory activity of
IP15 cells. Confluent, growth-arrested cells were
pretreated for 5 days with MPA (1 M) and/or guanosine
(100 puM), then wounds were made by scraping the cell
layer using a sterile pipette tip. Results represent the
percentage of reduction in wound width after 3 days.

p < 0.0001 vs. control; (i{1) p < 0.0001 vs. MPA-treated cells.
(C) Representative Western-blot analysis of protein
expression in IP15 cells treated for 5 days with or without
MPA (1 pM) and/or guanosine (100 pM). The membrane
was then incubated with antibodies against alpha-smooth
actin (SMA, 45 kDa) and basic calponin (34 kDa). Equal
loading was assessed by Coomassie blue staining of the
gel (not shown).
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MPA+Guanosine

Fig. 2 - Guanosine prevents the effects of MPA on mesangial cytoskeleton organization. IP15 cells were incubated for 5 days
in the absence (A and D) or presence of 1 pM MPA (B and E) or 1 pM MPA + 100 pM guanosine (C and F), and stained with
antibodies specific for basic calponin (A-C, original magnification: 20X objective) or SMA (D-F, original magnification: 63X
objective). Cytoskeletal localisation of calponin following actin fibers was induced by MPA (B), and prevented by co-
incubation with guanosine (C). Membrane ruffling can be observed at the periphery of control cell labelled with SMA (D,
arrows), and was inhibited by MPA treatment (E) but not in the presence of guanosine (F, arrows).

Immunochemistry also demonstrated that co-incubation
with guanosine prevented the changes in the cytoskeleton
organization induced by MPA. Non-confluent, untreated IP15
cells cultured in the presence of 10% serum exhibit numerous
membrane ruffles labelled with anti-SMA antibody (Fig. 2D),
providing evidence of an actin turnover at the cell periphery,
which is necessary to the ability of cells to migrate [19]. Basic
calponin staining show a preferential localisation in the
nucleus (Fig. 2A). As previously described [9], MPA caused a
relocalisation of calponin in the cytoplasm, where it was
found associated with actin filaments (Fig. 2B), and prevented
actin accumulation in membranes ruffles at the cell edges
(Fig. 2E). Guanosine alone had no effect on the distribution of
calponin and SMA (data not shown). Cells co-incubated with
MPA and guanosin showed a cytoskeletal protein distribution
similar to that found in untreated cells, where membrane
ruffles remained abundant (Fig. 2C and F).

Taken together, these results indicate that inhibition of
inosine monophosphate dehydrogenase and subsequent
decrease in the intracellular guanosine nucleotide level is
responsible for the observed effects of MPA on mesangial cell
proliferation, migration and cytoskeletal alterations.

3.2.  GTPase activities are affected by mycophenolic acid
treatment

We hypothesized that the decrease in intracellular GTP level
caused by MPA was responsible for a decrease in the activity of
small GTP-binding proteins. We focused on the Rho/Rac
family, which are important regulators of the actin cytoske-
leton and cell motility. The amount of both RhoA, Racl and
Cdc42 activated (GTP-bound) forms were reduced by MPA
(respectively: —36%, —18% and —28%, n=3 independent

experiments, p < 0.05 versus control; Fig. 3A). These effects
were observable after 3 days of treatment and still fully
detectable after 5 days, indicating a sustained inactivation of
small GTP-binding proteins. In addition, exposure to MPA
caused a significant decrease in total Racl protein expression
(Fig. 3B; mean variation: —48+11%, n=9 independent
experiments, p < 0.05 versus untreated cells). No significant
change in RhoA or cdc42 expression level was observed after
MPA treatment (data not shown).

3.3.  MPA effects on mesangial cytoskeleton are
independent on RhoA but dependent on Racl

Our previous results showed that MPA induces an increase in
stress fibers (dependent on RhoA activity) and an inhibition in
membrane ruffling (dependent on Racl activity), all effects
that are probably linked to a decrease in intracellular GTP, as
suggested by their prevention by guanosine addition. To
explore further the role played by RhoA and Racl in the
alteration of the mesangial phenotype, the consequences of
the inhibition of each GTPase on cytoskeleton protein
expression were investigated individually.

We have previously shown that MPA increased SMA
expression and decreased tubulin expression in IP15 cells
[9]. Treatment of cells with the membrane-permeant RhoA
inhibitor TAT-C3 (15 png/mL) had opposite effects on these
proteins (Fig. 4): TAT-C3 increased tubulin expression by
45 + 24% (p < 0.05 versus control), and decreased that of SMA
by —36+6% (p<0.02 versus control) and that of basic
calponin by —36 + 3% (p < 0.01 versus control; n = 8 from four
independent experiments). Moreover, TAT-C3 only partially
prevented the effects of MPA. The increase in SMA expression
caused by MPA treatment was slightly attenuated in the
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Fig. 3 - MPA prevents activation of Rho, Rac and cdc42. (A)
Pull-down assays were performed on IP15 cells treated or
not for 5 days with MPA (1 nM). Cells were lysed, and
active GTPases were affinity precipitated with GST-RBD-
rhotekin or GST-CRIB-PAK, eluted from the beads, and
analyzed by Western blotting with the relevant
antibodies. For each point, a fraction of the lysate was run
to monitor the amount of GTPase before precipitation. (B)
IP15 cells were treated for 5 days with or without MPA (0.5
or 1 pM). Western-blot analysis shows expression of Racl
and that of vimentin (Vim), used as the loading control.

presence of TAT-C3 (MPA: +866 +96%, p < 0.005 versus
control; MPA + TAT-C3: +657 +42%, p < 0.01 versus control,
p <0.05 versus MPA; n=6 from three independent experi-
ments). The expression of tubulin was decreased by —30 + 5%
by MPA (p <0.05 versus control), an effect that was not
significantly altered by co-treatment with TAT-C3 (MPA + C3:
—43 + 14%, p < 0.05 versus control, p = 0.53 versus MPA alone).
Therefore, the decrease in Rho activity is not involved in the
changes in cytoskeletal protein expression observed in
response to MPA treatment.

On the other hand, overexpression of a wild-type or a
constitutively active (QL mutant) form of Racl protein
decreased basal SMA and calponin expression, while a
dominant-negative form of Racl (N17 mutant) increased their
expression in IP15 cells (Fig. 5A and C). Results from four
independentexperiments showed that SMA expression (related
to vimentin expression) was increased by an average +64% in
cells overexpressing the N17 mutant form of Racl. This effect
was found independent on cell mitotic activity, since neither
dominant active nor dominant negative mutants of Racl had a
significant effect on IP15 proliferation (data not shown). At last,

Control MPA
3 - + | - +
_ Vim
— B
S—

Fig. 4 - Rho inhibition did prevent the effects of MPA on
cytoskeletal protein expression. IP15 cells were treated for
3 days with or without MPA (1 pM), and then co-incubated
for 18 h with 15 pg/mL of the membrane-permeant RhoA
inhibitor TAT-C3 transferase (C3). Western-blot analysis
shows expression level of vimentin (Vim, 58 kDa), which
is not changed by MPA, and that of tubulin (Tub, 50 kDa),
alpha-smooth actin (SMA, 45 kDa), and basic calponin
(Calp, 34 kDa).

down-regulation of Rac1l in IP15 cells using specific siRNA also
induced a strong increase in SMA expression (Fig. 5B), con-
firming the negative effect of Rac on mesangial SMA expression.
In four independent experiments, the expression level of Racl
and SMA were quantitated and compared to that measured in
cells transfected with scramble siRNA: the efficiency of Racl
down-regulation varied from —33.5% to —71% (mean value:
—52%), while the increase in SMA expression was comprised
between +42% and +63% (mean value: +55%).

MPA treatment of IP15 cells overexpressing wild-type Racl
resulted in a tubulin down-regulation, whereas SMA and
calponin expression levels remained similar to those observed
in control cells; only the expression of a constitutively active
form of Rac1 (QL mutant), whose activity is less dependent on
GTP levels, could prevent the protein changes induced by MPA
(Fig. 5C). This result indicates that the inactivation of Rac1l is
involved in the mechanisms by which MPA alters mesangial
cytoskeletal proteins expresssion.

4, Discussion

The aim of the present study was to explore the mechanisms
involved in cytoskeleton alterations induced by long-term
treatment of mesangial cells with MPA.

Previous investigations provided evidence that MPA (0.1-
10 pmol/L) causes a decrease in intracellular levels of guanine
nucleotides not only in leukocytes but also in other cell types
[20-22]. A concentration of 0.1 pM guanosine, which corre-
sponds to the physiological plasma level, was found ineffec-
tive in preventing the MPA-induced modifications in IP15 cells,
whereas a supraphysiological level (100 pM) efficiently antag-
onised the effects of MPA. This indicates that the inhibition of
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Fig. 5 — Rac regulates SMA and b-calponin expression in IP15 cells. (A) Representative Western-blot analysis showing SMA
and basic calponin (calp) expression in non-transformed IP15 cells (IP15), or cells stably transfected with plasmids
overexpressing wild-type Rac1 (Rac WT) or an inactive, mutant form of Rac1 (Rac N17). Vimentin (vim) was used as a control
of protein loading. (B) Representative Western-blot analysis showing SMA and Racl expression in IP15 cells transiently
transformed with non-specific, scramble siRNA (scr, 72 h) as a negative control, or specific siRNA against Rac1l (siRAGC, 48
and 72 h after transfection). A decrease in Racl expression was observable 48 h (—46%) and 72 h (—71%) after transfection,
and was accompanied by an increase in SMA expression (48 h: +42%; 72 h: +60%). Equal loading was assessed by
Coomassie blue staining of the gel (not shown). (C) Representative Western-blot analysis showing tubulin, SMA and basic
calponin (b-calp) expression in non-transformed IP15 cells (IP15), or cells stably expressing wild-type Racl (Rac WT) or
constitutively active form of Racl (QL mutant). Vimentin (vim) was used as a control of protein loading.

IMPDH, which blocks the de novo synthesis of guanine
nucleotides, mediated MPA-induced alterations in prolifera-
tion, migration, and cytoskeletal protein expression and
distribution in human mesangial cells (Figs. 1 and 2). Our
results confirm and extend previous findings showing that
depletion in guanosine nucleotides is involved in the
inhibitory effects of MPA on mesangial proliferation [23] and
PDGF-induced MAPK activation [24].

We considered the small GTPases of the Rho family as good
candidates to mediate the effects of MPA on mesangial
cytoskeleton, since their activation involves guanine nucleo-
tides. In addition, these GTPases regulate the reorganization of
the actin cytoskeleton during cell motility, adhesion, and
division. In mesenchymal cells, such as mesangial cells, Racl
and Cdc42 generate lamellipod and pseudopod dynamics at
outward edges, favoring migration [25]. Recently, Lakhe-Reddy
et al. [26] showed that transduction of human mesangial cells
with an inhibitory Rac1 peptide enhanced the organization of
SMA-containing fibers. RhoA, on the other hand, stabilizes

initial integrin-substrate linkages, increases focal contact size
and strength, and further thickens actin filaments through
several mechanisms [19,27]. In adhesive cells, active Rho leads
to increased adhesiveness, stress fiber formation, and retar-
dation of migration speed.

We have previously shown that in the human mesangial
IP15 cell line and in vitro, clinically attainable concentrations of
MPA induces the formation of thick actin filaments, and alter
both membrane ruffling and cell migration [9], all effects that
may result from an alteration in Rac1 activity or a stimulation
of RhoA activity. In the present study, we showed that MPA
decreased the activation of both GTPases (Fig. 3A) and the
expression level of Rac1 (Fig. 3B). Thus the effects of MPA on
cytoskeletal proteins such as SMA and basic calponin are more
likely due to the alteration in Racl expression and activity.
This finding was confirmed by overexpressing Racl in IP15
cells: while the stable expression of either wild-type or
constitutively active (QL mutant) Racl attenuated SMA
expression in non-treated cells, only the expression of the
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QL mutant (which activity is not dependent on GTP dispon-
ibility) could prevent the induction of SMA or calponin caused
by MPA (Fig. 5). Moreover, we can exclude that the decrease in
RhoA activity is involved in the mechanism by which MPA
stimulates SMA and calponin, since inhibition of Rho by C3-
transferase led to a decrease in the expression level of basic
calponin in MPA-treated cells (Fig. 4). The absence of a clear
effect on SMA expression may be due to the half-life of this
protein, which appears to be greater than 24 h [28]. Unfortu-
nately, we could not treat IP15 cells with TAT-C3 for more than
18 h, since extending the treatment period resulted in a
dramatic loss of cell viability.

Our results are consistent with recent reports suggesting
that small GTPases from the Rho/Rac family can regulate the
expression of SMA or SMA-associated proteins in several cell
types, including mesangial cells. In LLCPK cells, TGF-beta(1)-
induced SMA promoter activation was abrogated by C3
transferase [29]. In rat mesangial cells, the activity of a
minimal SMA promoter was potently decreased after treat-
ment with the inhibitor of Rho-kinase Y-27632 [28]. Rho has
been described as an activator of the transcription factor SRF
that binds to serum-responsive elements present in the
promoter of both SMA and basic calponin [12,30,31], suggest-
ing that SRF plays a central role in the mechanisms involved in
the regulation of mesangial cytoskeletal protein expression by
Rho. However, this hypothesis still remains to be confirmed.

MPA has been shown to reduce expression of Immunoglo-
bulin Fc receptor in various tissues among which the kidney,
but mesangial cells have not been specifically studied.
However, the general effect of MPA on the cytoskeleton is
likely to influence cytoskeleton-dependent mechanisms
related to Fc receptors such as Fc receptor-mediated endocy-
tosis, Fc receptor shedding and expression, and therefore to
influence Fc receptor-related immunological effects. More
generally, the strong MPA-induced inhibition of proliferation
of mesangial cells, both in vitro and in vivo [10,18], should
contribute to the reduction of potentially harmful mesangial-
dependent immunological effects. These different mechan-
isms may contribute to the positive effects reported in patients
treated with MMF for glomerulonephritides involving mesan-
gial cell proliferation and/or metabolism such as lupus
nephritis and IgA nephropathy.

In conclusion, we have demonstrated that mycophenolic
acid treatment, followed by a decrease in the intracellular GTP
level, alters the expression level and the activity of the Racl
protein in cultured mesangial cells. The overexpression of
SMA and basic calponin induced by MPA can be prevented by
overexpressing a constitutively form of Racl, suggesting that
Racl down-regulation is involved in the mechanism whereby
MPA controls the mesangial cytoskeleton. The hypothesis that
MPA may interfer with the small GTPase pathways should be
considered while studying cell responses to this drug, not only
in mesangial cells but also in other cell types.
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