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Brigitte McGregor,†§ Madeleine Vincent,‡

Sylviane Guerret,¶ Kazem Zibara,*
Adam Hurlstone,� Maurice Laville,†‡ and
John L. McGregor**††

From INSERM XR331,* EA 1582 Génomique Fonctionnelle de
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Acute renal failure, characterized by rapid decline in
glomerular filtration rate, is a major cause of morbid-
ity and mortality. During the evolution of renal dis-
eases chronic ischemia develops. Indeed, acute or
chronic renal failure may occur as a result of renal
ischemia, which induces cells to dedifferentiate, pro-
liferate, or become apoptotic. In this study, we have
investigated the expression of a newly identified tran-
scription factor, 6A3-5, under in vitro and in vivo
conditions. Proliferating vascular smooth muscle
were investigated in response to different mitogenic
agents. The 6A3-5 expression was then studied in
ischemic rat kidney, induced by renal pedicle clamp-
ing, followed, or not, by reperfusion. Subsequently
human renal biopsies from early kidney grafts and
chronic renal diseases were also investigated for
6A3-5 protein expression by immunohistochemistry.
In vitro study shows an over-expression of 6A3-5 fol-
lowing 2 to 4 hours stimulation by serum or Angio-
tensin II, of rat proliferating aortic smooth muscle
cell. Moreover, in vivo study shows that this new
protein is over expressed in rat kidney submitted to
45 minutes ischemia. An anti-6A3-5 antibody shows
the protein to be expressed in smooth muscle cells of

the arterioles and intermediate size arteries, in mes-
angial cells and interstitial myofibroblasts. In human
biopsies of early kidney grafts and renal disease, the
same up-regulation of 6A3-5, as in acute ischemic
situation, is observed. This 6A3-5 expression is inti-
mately associated with �-smooth muscle cell actin
expression in mesangial cells, arteriolar smooth mus-
cle cells as well as interstitial myofibroblasts. Tran-
scription factor 6A3-5 could potentially be a novel
early vascular marker of acute and chronic renal isch-
emic stress implicated in tissue remodeling. (Am J
Pathol 2003, 163:2485–2494)

Acute renal failure, characterized by rapid decline in
glomerular filtration rate (GFR) is a major cause of mor-
bidity and mortality.1,2 After transplantation, decreased
GFR due to ischemia-reperfusion may lead to renal dys-
function and affect the long term prognostic of the kid-
ney.3,4 Such ischemia-reperfusion alterations induce a
cascade of events leading to cellular damage. It is also
important to note that chronic ischemic events take place
during the evolution of most chronic renal diseases.5

Increasing evidence is available to show that inflamma-
tory reactions6 and oxygen-derived free radical spe-
cies7,8 are implicated in this type of injury. The sequence
of these events induce leukocyte migration, enhanced
expression of adhesion molecules,9,10 and inflammatory
mediators such as platelet-derived growth factor
(PDGF)11 and Angiotensin II (AngII).12 These inflamma-
tory mediators activate a complex genetic program,
which may induce cells to dedifferentiate, proliferate,
and/or possibly undergo apoptosis.1–4 Such events are
preceded by transcription of several immediate early-
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activated genes and transcription factors, which may
play a role in the differentiation, proliferation, and tissue
repair.13 Despite new insights into the pathogenesis of
acute renal failure, neither the incidence nor the mortality
rate has declined in decades. Discovering new factors im-
plicated in acute renal failure may lead to improved strate-
gies for preventing and treating such serious disorder.

Gene 6A3-5 expression was identified by differential
display to be over expressed in proliferating rat aortic
vascular smooth muscle cells (SMC).14 This new gene, in
a similar way to c-fos, was observed to be significantly
up-regulated soon after mitogenic stimulation of vascular
SMC by PDGF-BB, phorbol 12-myristate 13-acetate or
fetal calf serum. We recently cloned the full-length cDNA
of this gene in rat and identified four conserved motifs
(Garin et al, unpublished). These four motifs are: a DNA
binding motif called AT-rich interaction domain (ARID),15–16

a bipartite nuclear localization signal (NLS) and two osa
homology domain (OHD) motifs.15 This new gene (6A3-5)
is a member of a new transcription factor family (ARID
family) that has been recently described to be involved in
control of gene expression during cell growth, cell cycle,
and organism development.15–16 The human homolog of
6A3-5 (known as hELD/Osa1), recently cloned in human
fetal brain,15 also bears these motifs. Interestingly,
Brahma related gene-1 (BRG-1), the partner of hELD/
Osa1 in SWI/SNF-A chromatin remodeling complex, has
been shown to modulate the transcription of a subset of
genes (such as cyclin A, c-fos,16 and CD4417) involved in
proliferation or cellular adhesion.

In this study we investigated the expression of 6A3-5 in
rat aortic vascular SMC stimulated by serum or AngII. We
then looked at the in vivo expression of 6A3-5 in rat kidney
undergoing ischemia followed by reperfusion over differ-
ent periods of time. Renal biopsies taken from trans-
planted patients, immediately after completion of graft
surgery were then investigated for 6A3-5 expression.
Finally the expression of this new transcription factor was
studied in different type of human renal diseases. Results
show that 6A3-5 is an early gene responder that could be
a specific marker of SMC activation in renal ischemia-
reperfusion injury as well as chronic ischemic events
during the evolution of human renal diseases.

Materials and Methods

Cell Culture

Primary aortic vascular SMC were obtained from explants
of medial thoracic aortas from 7- to 8-week-old male
Sprague-Dawley rats and cultured as previously de-
scribed.18 Vascular SMC at passage 9–12 were used in
this study. For stimulation experiments, vascular SMC at
80% of confluence were serum-starved for 48 hours and
stimulated by serum 10% for 0, 2, 4, 8, 16, and 24 hours
or by AngII (100 nmol/L) for 0, 1, 2, 4, or 24 hours.
Experiments were repeated three times.

Nuclear Extracts

Vascular SMC, at confluence, stimulated or not with se-
rum were washed with 3 ml of cold phosphate-buffered
saline (PBS) and then homogenized in 3 ml of cold PBS.
Nuclear pellets were isolated as previously described.19

Animal Surgical Procedure

Adult male Wistar rats (220 to 240 g), obtained from Iffa
Credo (Lyon, France), had free access to standard rat
chow and tap water and were housed in a 12-hour light/
dark cycle. Surgical procedures and care strictly con-
formed to the guidelines of the French National Institute of
Health and Medical Research (INSERM). Rats were anes-
thetized (2% halothane in oxygen) and underwent a mid-
line laparotomy to expose the right kidney and free it from
the surrounding tissue. An atraumatic vascular clamp
was placed across the right renal pedicle to induce isch-
emia. Reperfusion of the right kidney was achieved by
releasing the clamp. Animal group 1 (N � 12) underwent
5, 20, or 45 minutes of ischemia without reperfusion. This
group was used to determine the effects of ischemia, in
absence of reperfusion, on 6A3-5 expression. Animal
group 2 (N � 12) underwent 45 minutes of ischemia
followed by 2, 4, and 24 hours of reperfusion. Group 2
was used to determine the additional impact of reperfu-
sion on 6A3-5 expression. Animal group 3 (N � 12)
underwent 5, 20, or 45 minutes of ischemia followed by
24 hours of reperfusion. Group 3 showed the impact of
ischemia time on 6A3-5 expression following 24 hours of
reperfusion. Left contralateral kidneys were excised at
the end of ischemic operations performed on the right
ones. Sham-operated kidneys were excised from animals
(N � 3) that have been operated but not submitted to
renal pedicle clamping. Cortical and medullar tissue
were separated for both left and right kidneys. Isolated
tissues were divided in three samples that were stored for
24 hours in RNAlater (Ambion, Austin, TX, USA), snap-
frozen into liquid nitrogen, and fixed in formalin.

Human Renal Biopsies

Thirty-two human kidney biopsies were provided by the
Pathology Department at the Edouard Herriot Hospital.
Donor kidney biopsies were harvested immediately after
graft surgery, time-zero biopsies, following a period of
ischemia ranging between 13 to 28 hours with a mean of
13.5 hours. Frozen sections, from these biopsies, were
labeled with monoclonal antibodies directed against
6A3-5 protein and �-SMA.

Northern Blot

Frozen tissue samples were ground to a powder in a
mortar followed by homogenization at 0°C in 1 ml Trizol
(Invitrogen, Carlsbad, CA, USA). Total RNA was isolated
according to the Trizol procedure. RNA samples (20 �g)
were separated on a formaldehyde-MOPS (3-[N-Morpho-
lino]propanesulfonic acid)-agarose 1.2% gel, transferred
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onto nylon membranes (Hybond-N�, Amersham Bio-
sciences, Arlington, IL, USA) and cross-linked by UV
radiation. Probes, labeled by random priming method
(High Prime; Boehringer Mannheim, Mannheim, Ger-
many), were purified using G-sephadex columns. Prehy-
bridization and hybridization were done in ExpressHyb
solution at 68°C (BD Biosciences Clontech, Palo Alto, CA,
USA). Membranes were then exposed to X-ray films (Bi-
omax MS, Kodak, Rochester, NY, USA). The abundance of
6A3-5 mRNA was normalized with respect to 18S rRNA and
the ratio are expressed in arbitrary units (au).

Western Blot

Kidney tissues were disrupted in a mortar then homoge-
nized with a Polytron at 0°C in 50 mmol/L Tris-buffered
saline (pH 7.6) containing 1% aprotinin, 2 mmol/L �-ami-
nocaproic acid, and 0.5 mmol/L phenylmethylsulfonyl flu-
oride. The homogenate was centrifuged at 2000 � g for 5
minutes. The supernatant was then centrifuged at 2500 �
g for 5 minutes and retained. Cultured cells were lysed in
Triton lysis buffer (25 mmol/L Tris, pH 7.6, 150 mmol/L
NaCl, 1% Triton-X 100, and 10 �g/�l each of aprotinin,
leupeptine, ethylene diaminetetraacetic acid, and phe-
nylmethylsulfonyl fluoride). Cell lysate was then incu-
bated for 40 minutes at 4°C under agitation, centrifuged
at 1200 � g for 5 minutes and the supernatant was stored
at �20°C. Thirty micrograms of proteins extracts, dena-
tured in Laemmli buffer and separated on sodium dode-
cyl sulfate (SDS) �7% polyacrylamide gels, were elec-
trotransferred to a nitrocellulose membrane. The
membrane, blocked for 4 hours at 37°C with Tris-buffered
saline (TBS), 0.05% Tween20, 3% gelatin, was incubated
overnight at 4°C with a rabbit anti-6A3-5 polyclonal anti-
body (2 �g/ml)14 or with an anti-focal adhesion kinase
(FAK) antibody (2 �g/ml) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). A swine anti-rabbit antibody, con-
jugated to horseradish peroxidase (Bio-Rad Laborato-
ries, Hercules, CA, USA), was then used with a chemilu-
minescent technique to reveal the labeled bands (ECL
kit; Amersham Biosciences). Coomassie Blue was used
to normalize the quantities of proteins loading onto the
SDS-polyacrylamide gel electrophoresis (PAGE).

Immunohistochemistry

Immunohistochemistry was performed on frozen tissue
sections (3 �m) fixed in acetone. Briefly, slide sections
were microwaved for 12 minutes in a citrate buffer. Non-
specific sites were blocked and then incubated with
6H3,15 an anti-6A3-5 monoclonal antibody, or an anti-�-
smooth muscle actin (�-SMA) monoclonal antibody. The
labeled slides were left overnight at room temperature in
a humid chamber. Antibody binding was revealed using
anti-mouse secondary antibodies conjugated to horserad-
ish peroxidase and then revealed by 3-amino-9-ethylcarba-
zole (AEC; Dako, Glostrup, Denmark). Sections were coun-
terstained using Harris hematoxylin solution. Negative
controls were performed using a non-immune murine anti-
body of the same class.

Statistical Analysis

All data are shown as mean � SEM of measurements.
The significance of differences of the data were deter-
mined with analysis by Student’s t-test. P � 0.05 was
considered statistically significant.

Results

6A3-5 Expression in Stimulated Vascular SMC
under in Vitro Conditions

Protein expression for 6A3-5 was observed to peak by
three-fold increments, in comparison to non-stimulated
vascular SMC, following 2 to 4 hours of serum stimulation.
Interestingly, 6A3-5 is overexpressed in nuclear, in com-
parison to cytoplasmic, fractions of serum-stimulated rat
aortic vascular SMC (Figure 1b). Moreover, a 2-hour stim-
ulation by AngII (100 nmol/L) of serum-starved vascular
SMC, induced a rapid 1.5-fold increase of 6A3-5 mRNA
in comparison to basal level (Figure 2a). Western blot

Figure 1. Response to serum. Rat aortic vascular SMC at passage 9 (P9) were
serum-starved for 48 hours and then stimulated by 10% serum for 0, 2, 4, 8,
16, and 24 hours. A: Total protein lysate was resolved by SDS-PAGE and
immunoblotted with anti-6A3-5 rabbit polyclonal antibody. Expression levels
of 6A3-5 protein were estimated by Quantity One (Bio-Rad) and normalized
by comparison with Coomassie Blue staining. B: Cellular fractions [cytoplas-
mic (c, �) and nuclear (n, f)] were separated and compared for 6A3-5
expression following vascular SMC stimulation by serum for 0, 2, or 4 hours.
Data represent mean of three individual experiments. Blot was reprobed by
anti-FAK antibody, as a control to ascertain the purity of nuclear extract.
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showed increased 6A3-5 protein levels, after 4 hours of
AngII stimulation (Figure 2b).

6A3-5 Expression in Ischemic Kidney with No
Reperfusion

Rats were subjected to 0 (sham-operated kidneys), 5, 20,
or 45 minutes of unilateral renal ischemia without reper-
fusion. In sham-operated kidneys, basal 6A3-5 mRNA is
very low and levels are similar in cortical and medullar
tissue. A significant up-regulation of 6A3-5 gene expres-
sion is observed after 45 minutes of ischemia, com-
pared to sham-operated kidneys. Such enhanced
expression is more pronounced in medulla (3.5-fold)
compared to cortex (twofold) (Figure 3a). Western

blots showed that 6A3-5 protein levels correlated with
mRNA levels (Figure 3b).

6A3-5 Expression in Ischemic Kidney
(45 Minutes) Followed by Reperfusion
(0, 2, 4, and 24 Hours)

Following clamping of the pedicle for 45 minutes we
investigated postischemic 6A3-5 gene expression levels
in reperfused kidney medulla and cortex at 0, 2, 4, and 24
hours. Gene 6A3-5 expression level progressively
dropped during the reperfusion period (Figure 4a). How-
ever, after 24 hours of reperfusion, medullar and cortical
6A3-5 expression remained significantly (1.5-fold) higher
than in sham-operated kidneys. Protein expression levels
of 6A3-5, in medulla or cortex, followed a similar pattern
to those observed in Northern blots (Figure 4b).

6A3-5 Expression in Ischemic Kidney
(0, 5, 20, and 45 Minutes) Followed by
Reperfusion (24 Hours)

Following clamping of the pedicle for 0 (sham-operated
kidneys), 5, 20, and 45 minutes we investigated post-
ischemic 6A3-5 gene expression levels after 24 hours of

Figure 2. Response to AngII. Rat aortic vascular SMC at passage 9 (P9)
were serum-starved for 48 hours and then stimulated by AngII (100
nmol/L) for 0, 1, 2, 4, and 24 hours. A: 6A3-5 mRNA was analyzed by
Northern blot and normalized by 18S rRNA level. Northern blots were
quantified by Quantity One tool (Bio-Rad). Data, showing representative
results of three independent experiments, are presented as means � SEM.
* P � 0.05 versus non-stimulated control cell. B: 6A3-5 protein levels were
investigated by Western blot. Expression level of 6A3-5 protein was
estimated by Quantity One (Bio-Rad) and normalized by comparison with
Coomassie Blue staining.

Figure 3. Kidney tissue subjected to ischemia for different periods of time
without reperfusion. Analysis of the 6A3-5 expression after different periods
of ischemia: 0 (sham-operated kidneys), 5, 20, or 45 minutes without reper-
fusion. Medulla (m, f) and cortex (c, �) were compared at each point. A:
Northern blots were quantified by Quantity One (Bio-Rad). Data are pre-
sented as means � SEM. * P � 0.05 versus sham-operated kidneys. ** P �
0.001 versus sham-operated kidneys. B: Western blot analysis of the 6A3-5
expression. Expression level of 6A3-5 protein was estimated by Quantity One
and normalized by comparison to Coomassie Blue staining.
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reperfusion of kidney. Five minutes of ischemia followed
by reperfusion did not induce any significant changes,
compared to sham-operated kidney, in 6A3-5 gene ex-
pression levels. In contrast, 20 and 45 minutes of isch-
emia induced a significant change in 6A3-5 gene expres-
sion levels, particularly in the medulla, which did not
return to basal value after reperfusion (Figure 5a). Finally,
45 minutes of ischemia, as previously indicated, induced
the most significant changes in medulla and cortex levels
of 6A3-5 gene expression. Protein expression levels fol-
lowed quite closely those observed on Northern blots
(Figure 5b).

6A3-5 Expression in Contralateral Kidney

An increase of 6A3-5 gene expression in contralateral
tissue was observed following 45 minutes of ischemia (on
the right kidney, Figure 6a) compared to sham-operated
kidneys. One should note that the 6A3-5 mRNA and
protein levels were lower in contralateral compared to
ischemic kidney (Figure 6, a and b).

Localization of the 6A3-5 Protein in Rat Kidney

Immunohistochemical staining, following 45 minutes of
ischemia, with or without reperfusion, showed the expres-
sion of 6A3-5 protein in mesangial cells and SMC of
arterioles and medium-sized arteries in renal cortex. In

the medulla, the 6A3-5 protein is also expressed in the
SMC of arterioles so called the vasa recta of the vascular
bundles (Figure 7, A and B). Cellular staining shows
6A3-5 to be present in the cytoplasm, predominantly
around the nucleus. �-SMA labeling shows the same
pattern of expression as 6A3-5, albeit more weakly for
mesangial cells. Sham-operated kidneys and antibody-
negative control show no 6A3-5 labeling (Figure 7, D and
E). In contralateral kidney, in contrast to ischemic kid-
neys, 6A3-5 protein and �-SMA are rarely labeled in
mesangial cells, but present in arterioles and medium-
sized arteries (Figures 7, F and G).

Localization of 6A3-5 Protein in Human Kidney
Graft: Six Cases of Human Kidney Graft Studied
at Time-Zero

The same pattern of expression of the 6A3-5 protein is
observed in kidney graft as in rat ischemic kidney spec-
imens. Immunohistochemical staining of 6A3-5 protein is
observed in mesangial cells, vascular SMC of arterioles
and medium-sized arteries (Figure 8, A to C). In addition,
interstitial myofibroblasts are also focally labeled in cer-
tain cases (Figure 8A). Results obtained from the various
patients clearly indicate that the intensity and number of
vascular SMC, mesangial cells, and myofibroblasts la-
beled with a 6A3-5 antibody vary according to cases.

Figure 4. Analysis of the 6A3-5 expression after 45 minutes of ischemia
followed for different periods of time of reperfusion (0, 2, 4, 24 hours) rat
kidney. Medulla (m, f) and cortex (c, �) were compared at each point. A:
Northern blots were quantified by densitometry (Bio-Rad). Data are pre-
sented as means � SEM. * P � 0.05 versus sham-operated kidneys. B:
Western blot analysis of the 6A3-5 expression. Coomassie Blue was used to
normalize the quantity of proteins resolved by SDS-PAGE.

Figure 5. Analysis of the 6A3-5 expression after different periods of isch-
emia: 0 (sham-operated kidneys), 5, 20, or 45 minutes and reperfusion for 24
hours. Medulla (m, f) and cortex (c, �) were compared at each point. A:.
Data are presented as means � SEM. * P � 0.05 versus sham-operated
kidneys. B: Western blot analysis of the 6A3-5 expression. Coomassie Blue
was used to normalize the quantity of proteins loading on the SDS-PAGE.
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Localization of the 6A3-5 Protein in Human
Renal Disease

It is again of considerable interest to note that the same
pattern of expression of the 6A3-5 protein that is ob-
served in rat ischemic kidney specimens, is observed in
human renal disease. A total of 26 renal biopsies were
studied that included minimal change disease (MCD) (six
cases), IgA nephropathy (seven cases), C3 mesangial
nephropathy (three cases), vasculitis (two cases), and
acute graft kidney rejection (eight cases). In MCD, a
diffuse human renal disease, labeling of the 6A3-5 pro-
tein is observed diffusely in mesangial cells, and focally
in arteriolar SMC and interstitial myofibroblasts (Figure
8D). Labeling of SMC with � actin shows identical pattern
of staining as the 6A3-5 protein but with enhanced inten-
sity (Figure 8E). In IgA nephropathy, a focal and segmen-
tal human renal disease, labeling of the 6A3-5 protein is
observed focally in mesangial cells, arteriolar SMC, and
interstitial myofibroblasts depending on the severity and
length of evolution of the disease (Figure 8, G to I).
Indeed, mesangial cells are intensely labeled in patient A
(76-year-old, 4 g/day proteinuria, and 260 �mol/L creat-
ininemia) (Figure 8G), moderately labeled in patient B
(39-year-old, 1.8 g/day proteinuria, and 100 �mol/L cre-
atininemia) (Figure 8H) and very weakly in patient C (36-

-year-old, 0.8 g/day proteinuria, and 64 �mol/L creat-
ininemia) (Figure 8I). In C3 mesangial nephropathy label-
ing is very similar to IgA nephropathy (results not shown).
In vasculitis, labeling of the 6A3-5 protein is mostly limited
to arterioles (Figure 8J). In acute graft kidney rejection,
labeling of the 6A3-5 protein is observed focally in mes-
angial cells, arteriolar SMC, and interstitial myofibroblasts
depending on the severity/chronicity of the graft rejec-
tion. Whenever, the medulla is present in biopsy speci-
mens, the expression of the 6A3-5 protein in arteriolar
SMC and in interstitial myofibroblasts is shown as well
(Figure 8L). In summary, in renal diseases, the 6A3-5
protein is expressed by cells of the �-actin-expressing
cell family, namely the SMC of arteriolar/medium-sized
arteries, the mesangial cells, and the interstitial myofibro-
blasts.

Discussion

This study investigates for the first time a new transcrip-
tion factor, 6A3-5, and shows that it is a specific early
marker of SMC activation in renal ischemia-reperfusion
injury, as well as chronic ischemic events during the
evolution of renal diseases. Several lines of evidence
back the above statement: 1) in vitro studies show that
6A3-5 mRNA and protein expression are significantly
increased in vascular SMC following serum or AngII stim-
ulation in comparison to non-stimulated cells; 2) signifi-
cant 6A3-5 overexpression is observed in ischemic rat
kidneys compared to sham-operated kidneys; 3) 6A3-5
up-regulation is sustained during reperfusion; 4) blood
pressure variation on rat contralateral kidney induces
6A3-5 expression, albeit with reduced intensity; 5) human
graft kidney biopsies, immediately after transplantation,
show a significant expression of 6A3-5; 6) expression
and localization of 6A3-5 in human renal diseases is
related to the type and the severity of the disease; 7)
expression of 6A3-5 in both human and rat tissues shows
a similar labeling pattern as �-SMA.

Bioinformatic analysis, following the cloning of 6A3-5,
shows the presence of four conserved motifs (1 ARID, 2
OHD, 1 NLS) (Garin et al, unpublished). Proteins bearing
an ARID motif are present in a variety of eukaryotic or-
ganisms and have been shown to participate in several
biologically significant processes including embryonic
development, cell lineage gene regulation, differentia-
tion, and cell cycle control.15–16 The OHD motifs define a
new family of transcription factors known as “OSA Fam-
ily”. Indeed, OSA proteins are member of the chromatin-
remodeling complex SWI/SNF. The OSA proteins partic-
ipate in the targeting of transcription factors to specific
promoters for selectively promoting or repressing the
expression of target genes.15–17 Chromatin remodeling
complexes such as the SWI/SNF complex make DNA
accessible to transcription factors by disrupting nucleo-
somes. It’s interesting to note that BRG-1, a partner of the
human homolog of 6A3-5 (known as hELD/osa1), inhibits
the transcription of genes, such as cyclin A, c-fos,16 and

Figure 6. Analysis of the 6A3-5 expression after different periods of isch-
emia: 0 (sham-operated kidney), 5, 20, or 45 minutes in contralateral kidney.
Medulla (m, f) and cortex (c, �) were compared at each point. A: Data are
presented as means � SEM. * P � 0.05 versus sham-operated kidneys. ** P �
0.01 versus sham-operated kidneys. B: Western blot analysis of the 6A3-5
expression. Coomassie Blue was used to normalize the quantity of proteins
loading on the SDS-PAGE.
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CD44,17 involved in proliferation or cellular adhesion.
Moreover, in cultured mammalian cells, hELD/osa1 stim-
ulates glucocorticoid receptor-dependent transcriptional
activation.20 Interestingly, modulation of glucocorticoid
receptor activity, by a glucocorticoid ligand such as
Dexamethasone, down-regulates ICAM-1 expression.
Such down-regulation of ICAM-1 reduces neutrophil infil-
tration in rat kidneys following renal ischemia/reperfu-
sion.21 It is conceivable that 6A3-5 could modulate glu-
cocorticoid transcription and affect ischemia/reperfusion
injury observed in kidneys. The fourth functional motif on
6A3-5, NLS, suggests a nuclear localization for this tran-
scription factor. In fact, Western blots show the presence
of 6A3-5 in the nucleus but also in the cytoplasm. This is
confirmed by immunofluorescence studies (Garin et al,
unpublished).

Ischemia induces a very significant expression of
6A3-5 protein in arterioles and mesangial cells. A similar
type of 6A3-5 labeling in human kidney grafts is also
observed immediately after transplantation. Vascular
ischemia induces hypoxia and the release of certain
agents, such as tumor necrosis factor-� (TNF-�),22 en-
dothelin-1 (ET-1),23 vascular endothelial growth factor,24

and AngII,25 which influence gene expression in vascular
cells. TNF-� or ET-1 stimulate vascular SMC prolifera-

tion,26,27 differentiation, and enhanced expression of
genes such as c-fos27 and Ets-1.28 In similar ways to
hypoxic inducible factor-1� (HIF1�), 6A3-5 is overex-
pressed during AngII vascular SMC stimulation and dur-
ing renal ischemia.29,30 It is conceivable that the increase
of 6A3-5 expression in contralateral kidney arterioles is
due to increased blood pressure and/or Angiotensin II
released by the ischemic kidneys.31 Our in vitro studies
on vascular SMC show that 6A3-5 expression is signifi-
cantly increased following AngII stimulation. In addition,
one should note that inflammation in contralateral kid-
neys, observed in this model, can affect 6A3-5 expres-
sion.32 6A3-5 remains significantly higher in ischemic
kidneys (45 minutes), during reperfusion (2 to 24 hours),
compared to sham-operated kidneys. This is in contrast
to c-fos, for which no expression is detected after 24
hours of reperfusion. During renal ischemia reperfusion,
mesangial cells, and myofibroblasts are submitted to
various mitogenic stimuli (eg, cytokines, growth factors).
Indeed, one should note that interleukin-4 co-stimulates
the PDGF-BB and fibroblast growth factor-mediated pro-
liferation of mesangial cells.33 The presence in arterioles
and mesangial cells of high levels of 6A3-5 expression,
after 24 hours of reperfusion, may indicate that this gene
is also involved in prolonged tissue injury.

Figure 7. Immunohistochemistry of rat kidneys. A:
Immunostaining of renal cortex shows intense 6A3-5
expression on arterioles (A) and in some glomerular
mesangial cells (MC) following 45 minutes of ischemia
without reperfusion compared to sham-operated kid-
ney. B: A similar type of labeling is observed in renal
medulla on arterioles. C: Staining with an anti-�-SMA
shows a similar pattern of labeling as with 6A3-5
monoclonal antibody. D and E: Sham-operated kidney
and antibody negative control show no staining. F and
G: Immunostaining of contralateral kidney shows the
expression of anti-6A3-5 and �-SMA in arterioles but
very rarely in mesangial cells. Annotated white arrows
show the position of the different tissue components
(�400).
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Figure 8. Immunohistochemistry of human kidney graft and renal diseases. A to C: Immunostaining of grafts kidneys (time-zero biopsies) from donors of various
ages (32, 38, and 26 years old, respectively) show various intensity of 6A3-5 labeling of mesangial cells (MC), arteriolar SMC (A), and interstitial myofibroblasts
(IM). D and E: Labeling of MCD biopsies with 6A3-5 and an anti-�-SMA. Both antibodies, albeit �-SMA at higher intensity, label mesangial cells diffusely. F:
Antibody-negative control shows no staining. G to I: Labeling of IgA nephropathy with 6A3-5 shows that mesangial cells are intensely labeled in patient A
(76-year-old, 4 g/day proteinuria, and 260 �mol/L creatininemia) (G) compared to moderate labeling in patient B (39-year-old, 1.8 g/day proteinuria, and 100
�mol/L creatininemia) (H) and very weak in patient C (36-year-old, 0.8 g/day proteinuria, and 64 �mol/L creatininemia) (I). J: Labeling of vasculitis shows intense
expression of 6A3-5 on arteriolar SMC but not mesangial cells. K: Labeling of interstitial myofibroblasts, in different renal diseases, with 6A3-5 antibody. L: Labeling
of renal medulla in acute graft kidney rejection shows 6A3-5 expression on arterioles and interstitial myofibroblasts. Annotated white arrows show the position
of the different tissue components (�400).
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In human renal diseases such as MCD and IgA ne-
phropathy, the same up-regulation of 6A3-5 as in acute
ischemic situation, is observed. This suggests that under
chronic insults, such as ischemia, hypertension, high
proteinuria, a similar mechanism of mitogenic stimuli may
be present. In diffuse diseases such as MCD the glomer-
ular expression of 6A3-5 is homogeneous. In contrast, in
IgA nephropathy glomerular lesions tend to be focal and
segmental and 6A3-5 expression is likewise present on
sites of lesions. Moreover, with increasing clinical presen-
tation (high proteinuria and severe chronic renal failure)
the 6A3-5 expression is enhanced. This new transcription
factor (6A3-5) is also focally observed in interstitial myo-
fibroblasts with an enhanced expression related to the
severity of inflammatory interstitial lesions. One should
note that 6A3-5 expression is intimately associated with
�-SMA expression in glomerular lesions as well as in
interstitial myofibroblasts. Interstitial expression of �-SMA
has been shown as an early marker of chronic renal
allograft dysfunction34 and of severe evolution in mem-
branous human renal disease.35 This would suggest that
6A3-5 may take part in key events implicated in tissue
remodeling and fibrogenesis. In vasculitis, the overex-
pression of the 6A3-5 protein by vascular SMC could
conceivably be a sign of arteriolar remodeling.

Transcription factor 6A3-5 could potentially be a novel
early vascular marker of acute and chronic renal isch-
emic stress and implicated in tissue remodeling.
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