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Abstract
The assessment of target organ damage is important in defining the optimal treatment of
hypertension and blood pressure-related cardiovascular disease. The aims of the present study
were (1) to investigate candidate biomarkers of target organ damage, osteopontin (OPN) and
plasminogen activator inhibitor-1 (PAI-1), in models of malignant hypertension with well
characterized end-organ pathology; and (2) to evaluate the effects of chronic treatment with a
p38 MAPK inhibitor. Gene expression, plasma concentrations, and renal immunohistochemical
localization of OPN and PAI-1 were measured in stroke-prone spontaneously hypertensive rats
on a salt�fat diet (SFD SHR-SP) and in spontaneously hypertensive rats receiving Nv-nitro-L-
arginine methyl ester (L-NAME SHR). Plasma concentrations of OPN and PAI-1 increased
significantly in SFD SHR-SP and L-NAME SHR as compared with controls, (2.5�4.5-fold for
OPN and 2.0�9.0-fold for PAI-1). The plasma levels of OPN and PAI-1 were significantly
correlated with the urinary excretion of albumin (p B/0.0001). Elevations in urinary albumin,
plasma OPN and PAI-1 were abolished by chronic treatment (4�8 weeks) with a specific p38
MAPK inhibitor, SB-239063AN. OPN immunoreactivity was localized predominantly in the
apical portion of tubule epithelium, while PAI-1 immunoreactivity was robust in glomeruli,
tubules and renal artery endothelium. Treatment with the p38 MAPK inhibitor significantly
reduced OPN and PAI-1 protein expression in target organs. Kidney gene expression was
increased for OPN (4.9- and 7.9-fold) and PAI-1 (2.8- and 11.5-fold) in SFD SHR-SP and L-
NAME SHR, respectively. In-silico pathway analysis revealed that activation of p38 MAPK was
linked to OPN and PAI-1 via SP1, c-fos and c-jun; suggesting that these pathways may play an
important role in p38 MAPK-dependent hypertensive renal dysfunction. The results suggest
that enhanced OPN and PAI-1 expression reflects end-organ damage in hypertension and that
suppression correlates with end-organ protection regardless of overt antihypertensive action.
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Introduction

Hypertension target organ damage (HTN-TOD) is associated with tissue injury and

remodelling in kidney, heart, blood vessels, brain, and retina. Evidence suggests that a

wide variety of interrelated biological processes, i.e. oxidative stress, inflammation,

thrombosis, matrix reorganization and apoptosis, contribute to the tissue damage

(Luft et al. 1999). HTN-TOD is usually insidious, progressing slowly without clinical

manifestations, and simple biomarkers for early detection are limited and not routinely

employed for the management of HTN. Recent clinical results, however, suggest that

biomarkers of HTN-TOD may help guide therapy. In particular, elevated urinary

albumin excretion in HTN patients is directly related to left ventricular hypertrophy

(LVH) and cardiovascular events, but is independent of BP and other common

cardiovascular risk factors (Wachtell et al. 2003, Olsen et al. 2004, Ibsen et al. 2005).

Thus, antihypertensive therapy is not optimal if it does not adequately address target

organ damage and it is suggested that more aggressive treatment should be considered

for refractory patients (Ibsen et al. 2005).

Osteopontin (OPN), a multifunctional cytokine, and plasminogen activator

inhibitor-1 (PAI-1), a SERPIN regulator of haemostasis, have been implicated as

contributing risk factors and plasma biomarkers for cardiovascular disease in diabetes

and hypertension (Kaikita et al. 2001, Srikumar et al. 2002, Gauer et al. 2003, Juhan-

Vague et al. 2003, Horrevoets 2004, Junaid & Amara 2004). Both of these secreted

proteins are associated with tissue injury/remodelling and are the most highly

expressed genes in rat aortic smooth muscles cells stimulated with angiotensin-II

(Campos et al. 2003). In vitro , the up-regulation of OPN and PAI-1 by angiotensin-II

involves activation of mitogen-activated protein kinase (MAPK) signalling pathways

and is abolished by selective inhibitors of ERK and p38 MAPK signal transduction

(Lee et al. 1999, Chen et al. 2000, Campos et al. 2003, Brown et al. 2004). Previous

in vivo studies in our laboratory have demonstrated that activation of p38 MAPK

plays an important role in endothelial dysfunction and target organ damage in

malignant hypertension (Behr et al. 2001, Ju et al. 2003, Lenhard et al. 2003, Olzinski

et al. 2005). These studies demonstrate that chronic treatment with selective p38

MAPK inhibitors dramatically reduced hypertensive target organ damage in the brain,

heart, kidney and vasculature without direct haemodynamic effects.

The aims of the present in vivo study were to examine OPN and PAI-1 as biomarkers

of target organ damage in models of malignant hypertension with well-defined end-

organ pathology and to evaluate the effects of target organ protection induced by

chronic treatment with a selective p38 inhibitor, SB-239063AN p38 MAPK (IC50�/46

nM, 4- and 600-fold selectivity versus JNK and ERK, respectively). The results suggest

that plasma levels of OPN and PAI-1 reflect target organ damage, represent distinct

end-organ changes and allow evaluation of target organ protection with p38 MAPK

inhibitor treatment. Microarray analysis of the hypertensive kidney suggests several

p38 MAPK-dependent pathways regulating PAI-1 and OPN expression.

Materials and methods

Animal models

Spontaneously hypertensive stroke-prone (SHR-SP) rats. Male SHR-SP rats were

obtained from Charles River (Raleigh, NC, USA). At 11 weeks of age, the SHR-SP
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rats were randomized into three groups, and fed either powdered chow diet (Purina

5001) with water ad libitum (SHR-SP group, n�/13); a high-salt/high-fat diet (SFD

group, n�/34) consisting of 1% NaCl in the drinking water, and 24.5% fat in the chow

(from Harlan TekLad, Madison, WI, USA) or SFD with a highly selective p38 MAPK

inhibitor SB-239063AN (Ju et al. 2003), added to the diet (1200 ppm), (SFD�/SB-

239063AN group, n�/31) for the duration of the study (8 weeks).

L-NAME SHR. Male spontaneously hypertensive rats (SHR, n�/26, Taconic Farms)

were included in the study at 10 weeks of age. All animals initially received powdered

chow diet (Purina 5001) and water ad libitum . Rats were then randomized into three

groups; SHR (n�/8), L-NAME (Nv-nitro-L-arginine methyl ester, 185 mmol l�1 in

drinking water, n�/10) and L-NAME�/SB-239063AN (n�/8). Three days before the

addition of L-NAME to the drinking water, SB-239063AN (1200 ppm) was added to

the powdered chow of the treatment group and both were continued for the duration

of the study (4 weeks). Due to a more rapid onset of morbidity/mortality as compared

with the SFD SHR-SP, the study was terminated at 4 weeks.

All rats were placed in metabolism cages for 48 h at baseline and weekly thereafter

for urine collection and the determination of food and water consumption. Blood

samples were collected into ethylenediamine tetra-acetic acid (EDTA) from the tail

vein or inferior vena cava, and plasma was prepared immediately. As described

previously, moribund animals were promptly euthanized (Behr et al. 2001).

Experiments were conducted in accord with the Guide for Care and Use of Laboratory

Animals (1996) and experimental protocols were reviewed and approved by the

GlaxoSmithKline Animal Care and Use Committee.

Urinary excretion of albumin

Albuminuria was determined using an immunoturbidometric assay optimized for the

determination of rat albumin in an Olympus AU640 AutoAnalyzer (KRA-010/020

Kamiya Biomedical Co., Seattle, WA, USA). Albumin excretion was calculated by

multiplying the 24-h urine volume by the urinary albumin concentration.

Plasma OPN and PAI-1

OPN and PAI-1 concentrations were determined in EDTA plasma using OPN Ag

ELISA (Assay Designs, Ann Arbor, MI, USA) and rat PAI-1 Ag ELISA (HYPHEN

BioMed, Neuville-Sur-Oise France). Assays were performed according to the

manufacturer’s instructions.

OPN and PAI-1 immunohistochemistry

Animals were anaesthetized with 5% isoflurane. Kidneys were rapidly removed,

weighed, fixed in 10% neutral buffered formalin for 24 h, transferred to 70% ethanol,

and processed for paraffin embedding. Paraffin thin sections were deparaffinized,

rehydrated and subjected to heat-induced epitope retrieval (HIER) before staining on

DAKO Autostainer†. Briefly, sections were blocked with 3% hydrogen peroxide

followed by a protein block (DakoCytomation, Carpenteria, CA, USA). Sections were

stained with either a mouse anti-human OPN (University of Iowa Hybridoma Bank)

at a dilution of 1:50 or a rabbit anti-rat PAI-1 (American Diagnostica, Inc., Stamford,

p38 MAPK inhibitors and the suppression of OPN and PAI-1 89
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CT, USA) at a concentration of 10 mg ml�1. Specific staining was assessed by

examining standard control slides, i.e. deletion of the primary antibody step and

substitution of primary antibody with species and concentration matched isotype

control immunoglobulins. Slides were incubated with either mouse or rabbit

Envision† labelling polymer system (DakoCytomation). Staining was detected with

3,3-diaminobenzidine (DAB) and counterstained with haematoxylin. Slides were

dehydrated, cleared and coverslipped.

All slides were scored, blinded to treatment, on 2 separate days by a certified

histopathologist (K. F.) with the following scoring system: 0�/negative or very

minimal; 1�/minimal or slight; 2�/mild; 3�/moderate; and 4�/marked staining.

Transcriptomic microarray analysis

Frozen whole kidney samples (8 week SHR-SP, SFD SHR-SP and 4 week SHR, L-

NAME SHR, n�/6 per group) were pulverized on dry ice and processed individually.

Approximately 100 mg of tissue were further homogenized using a Mixer Mill with

Trizol reagent (Invitrogen Corp., Carlsbad, CA, USA) and the resulting lysate was

purified using the RNeasy Mini Kit (Qiagen, Inc., Valencia, CA, USA) according to the

manufacturer’s instructions. Double-stranded cDNA was synthesized from total RNA

via oligo-T7-mediated reverse transcription. Biotin-labelled cRNA was synthesized

using an in vitro transcription (IVT) reaction with the Enzo BioArray High Yield RNA

transcript labelling Kit (Enzo Diagnostics, Inc., Farmingdale, NY, USA). Samples were

purified and quality controlled according to the manufacturer’s recommendations.

Standard Affymetrix protocols were used to fragment cRNA, which was hybridized to a

RG230A genechip for 16�18 h at 458C. An Affymetrix Genechip Fluidics Station 450

was used to perform standard washing and streptavidin/phycoerythrin staining. The

chips were scanned using an Affymetrix Genechip scanner 3000.

Affymetrix Genechip version 5.0 software was used for raw data processing. CEL

files were loaded into Rosetta Resolver (version 4.0, Kirkland, MA, USA), samples were

normalized and processed according to the Resolver error model for Affymetrix high-

density oligo expression arrays. The ratio builder and analysis of variance (ANOVA)

tools were used to generate gene expression-fold changes and significance values. The

Benjamini and Hochberg method was used to apply a false discovery rate correction set

at a 0.1 false discovery rate threshold. Ratios were built between SFD SHR-SP and L-

NAME SHR and their respective controls for equivalent time points. Alterations in

expression are presented for the genes changing ]/2-fold, 5/-2-fold and p B/0.01.

In-silico pathway analysis

Pathway analysis was performed using a database of interacting proteins assembled via

manual curation of the literature. This database includes protein�protein interactions,

protein�DNA interactions, enzyme�substrate interactions, etc. These pairwise

interactions were assembled into a network of interacting proteins. The network

was filtered to eliminate gene pairs in which either gene was not expressed in the

kidney (according to the GeneLogic database of mRNA expression). Every gene in

this network was tested to determine whether its network neighbourhood overlapped

significantly with the dysregulated genes in either disease model. Significance was

determined via Fisher’s exact test of proportions followed by Bonferroni correction.

Genes whose network neighbourhoods overlap significantly with the dysregulated

90 S. S. Nerurkar et al.
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gene lists are considered likely to play a role in the dysregulation observed in the

disease model. The two lists of genes that interact significantly with the two

dysregulated gene lists were then intersected to determine the subset that interact

significantly with both dysregulated gene lists. Finally, another network analysis was

performed to identify a further subset that interact significantly with both dysregulated

lists, and are phosphorylated by p38 MAPK (MAPK14), and transcriptionally

regulate either, or both, OPN and PAI-1.

Statistical analysis

All summary values are expressed as the mean9/standard error of the mean (SEM).

Multiple comparisons of the means were made by analysis of variance followed by

post-hoc analysis with the Bonferroni correction for multiple comparisons. All

statistical analyses were performed using InStat (GraphPad Software, Inc., San

Diego, CA, USA) and p 5/0.05 was considered as being statistically significant.

Results

Time course of albuminuria

Urinary albumin excretion was determined from urine samples collected over 24 hr in

SHR-SP and SHR animals. The addition of SFD to the SHR-SP resulted in a

progressive increase in albuminuria with significant elevations observed at 5.5 weeks as

compared with baseline (Figure 1a). No significant changes in urinary albumin

excretion were noted in the SHR-SP control group. Comparatively, the L-NAME SHR

is a more aggressive model of hypertension, and an accelerated pattern of albuminuria

was observed in SHRs receiving L-NAME during the 4-week study (data not shown).

Plasma OPN and PAI-1

OPN and PAI-1 concentrations were measured in plasma samples from both animal

models throughout the course of the study. Both OPN and PAI-1 concentrations

correlated with urinary albumin excretion in the SHR-SP model (Figure 1b, r2�/0.72;

p B/0.0001; Figure 1c, r2�/0.78; p B/0.0001; OPN and PAI-1, respectively) and

followed a time course comparable with the albuminuria. A similar relationship to

albumin excretion was observed in the L-NAME model, albuminuria versus PAI-1,

r2�/0.52; p B/0.05 (data not shown).

Effect of p38 MAPK inhibitor (SB-239063AN)

The effect of treatment with a selective p38 MAPK inhibitor on plasma OPN and

PAI-1 concentrations and albumin excretion was examined in SFD SHR-SP (for 8

weeks) and L-NAME SHR (for 4 weeks) models.

The introduction of the SFD to SHR-SP and L-NAME to the SHR progressively

increased plasma concentrations of both OPN and PAI-1 at all time points examined.

In comparison, OPN and PAI-1 plasma concentrations were reduced in groups

treated chronically with a selective p38 inhibitor, SB-239063AN (Figure 2, b, c, e,

and f). Similarly, urinary albumin excretion was attenuated by treatment with the p38

inhibitor (Figure 2, a and d).
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Figure 1. Time-dependent increase in urinary albumin excretion and its correlation to plasma OPN and PAI-1. The introduction of SFD induced a progressive increase

in urinary albumin excretion (a) in the SHR-SP (2119/102 versus 0.359/0.03, 5.5 versus 0 weeks, respectively, *p B/0.05). Values are mean9/SEM. At the 4-week

interval, urinary albumin excretion was correlated with plasma levels of OPN (r2�/0.72; p B/0.0001, n�/37) and PAI-1 (r2�/0.78; p B/0.0001, n�/32) (b and c,

respectively).
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Figure 2. Effect of chronic treatment with SB-239063AN on urine albumin excretion and plasma concentrations of OPN and PAI-1 in models of malignant
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#p B/0.05, ##p B/0.01 SFD versus SFD�/SB-239063AN, and L-NAME versus L-NAME�/SB-239063AN. All values are mean9/SEM.
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OPN and PAI-1 immunohistochemistry

The immunohistochemical localization of OPN and PAI-1 was examined in thin

sections of kidney from both models. Immunoreactive OPN was minimal in kidney

sections from control SHR-SP and SHR groups (Figure 3a). In the SFD SHR-SP and

the L-NAME SHR groups, OPN immunoreactivity was localized to the tubules of the

inner strip of the outer medulla (Figure 3b), mostly in the pars recta (S3 segment and

descending loop). Specifically, OPN immunoreactivity was located in the apical

portion of epithelial cells, and was more cytoplasmic than nuclear. In the tip of the

papillae, the pelvic urothelium stained positive but no staining was seen in the

transitional epithelium (data not shown). OPN immunoreactivity in the kidney was

Figure 3. Immunohistochemical localization of OPN and PAI-1 in the kidney. Minimal OPN and PAI-1

staining was observed in control SHR-SP kidney (a and d, respectively). The addition of a salt�fat diet in

the SHR-SP increased tubular (see arrow) expression of OPN (b). PAI-1 expression (e) was also increased

primarily in the glomeruli (see arrowhead) and to a lesser extent in tubules. OPN and PAI-1 expression in

the kidney was attenuated by chronic treatment with SB-239063AN (c and f, respectively).

94 S. S. Nerurkar et al.
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significantly reduced in groups receiving SB-239063AN (Figure 3c). The immuno-

histochemical score, specifically for the tubules (Figure 4a), increased with SFD and

decreased with inhibitor treatment (19/0, 3.89/0.1 and 2.59/0.25 for the SHR-SP,

SFD and SFD�/SB-239063AN, respectively). Similar results were obtained in the L-

NAME model (data not shown).

PAI-1 histochemical immunoreactivity was negligible in the control SHR-SP and

SHR kidney (Figure 3d). In contrast, PAI-1 immunoreactivity was localized mainly to

sclerotic glomeruli in SFD SHR-SP and L-NAME SHR groups and to a lesser extent

in the proximal tubules (Figure 3e). Within the glomeruli, PAI-1 was most prominent

in the endothelial cells, mesangial cells and podocytes. Chronic treatment with the

p38 inhibitor, SB-239063AN, significantly attenuated the positively stained area in

the kidney (Figure 3f). Immunohistochemical scoring for glomeruli (Figure 4b) was

0.69/0.3, 3.09/0.1 and 1.99/0.5 for the SHR control, L-NAME-SHR and L-

NAME�/SB-239063AN groups, respectively. Results were similar for the SFD

SHR-SP model (data not shown).

Kidney microarray and pathway analysis in malignant hypertension

Kidney microarray analysis was performed in order to place OPN and PAI-1 renal

expression in the context of genes regulated in malignant hypertension. In SFD SHR-

SP, 187 genes were increased and eight genes were decreased when compared with the

SHR-SP receiving a normal diet. OPN was increased 4.9-fold and PAI-1 was

increased 2.8-fold in this group (see Appendix 1 for all genes changing in the SFD

SHR-SP). In the L-NAME SHR compared with SHR, there were 413 genes that were

increased and 263 were decreased. OPN was increased 7.9-fold and PAI-1 was

increased 11.5-fold (see Appendix 2 for all genes changing in the L-NAME SHR).

In-silico analysis of the dysregulated gene lists identified a list of 24 genes that

significantly interact with the sets of dysregulated genes in both disease models.

Further network analysis revealed that three of these are transcription factors that can

be phosphorylated by p38 MAPK and transcriptionally regulate OPN and PAI-1
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Figure 4. Immunohistochemical scoring of OPN and PAI-1 immunoreactivity in the kidneys. The addition

of L-NAME increased OPN and PAI-1 immunohistochemical staining in the SHR kidney (a and b,

respectively). The increase in OPN and PAI-1 staining was attenuated by treatment with SB-239063AN.
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(Figure 5). Activation of p38 MAPK was linked to OPN and PAI-1 via SP1, c-fos and

c-jun. The results suggest that these pathways may play an important role in p38

MAPK-dependent hypertensive renal dysfunction.

Discussion

In the present study, plasma concentrations and expression patterns of OPN and PAI-1

were examined in models of malignant hypertension. The primary findings were: (1)

OPN and PAI-1 in-situ immunoreactivity and plasma concentrations increased

progressively in hypertension, (2) plasma levels of both proteins correlated with urinary

albumin excretion, reflecting progressive renal damage, (3) OPN and PAI-1 had

differential localization patterns in the kidney, (4) chronic treatment with a selective

p38 MAPK inhibitor reduced tissue and plasma levels of OPN and PAI-1 concordant

with target organ protection, and (5) microarray and pathway analysis identified

putative mechanisms of hypertension target organ damage. The results suggest that

plasma levels of OPN and PAI-1 are biomarkers of target organ damage in hypertension

that reflect distinct p38 MAPK-dependent remodelling events and may have utility in

the assessment of novel approaches to the treatment of hypertensive disease.

OPN expression was minimal in kidneys from normotensive and moderately

hypertensive animals, however, the increased expression observed in malignant

hypertension is consistent with its proposed role in tissue injury/remodelling (Mazzali

et al. 2002). Enhanced renal OPN immunoreactivity was localized in proximal

segments of the tubule, specifically in the apical portion of the epithelium, and is very

reminiscent of KIM-1 expression following renal injury (Han et al. 2002). These results

are similar to the tubular expression patterns of OPN observed in rats following chronic

angiotensin-II infusion (Deblois et al. 1996) and in kidney biopsies from patients with

decompensated nephrosclerosis associated with essential hypertension (Thomas et al.

1998). Tubular expression of OPN is thought to play a chemotactic and/or adhesive role

* recruiting macrophage and fibroblasts responsible for inflammation and matrix

remodelling of the tubulointerstitium. It has been suggested that tubulointerstitial

damage and fibrosis contribute importantly in the transition to salt-sensitive hyperten-

sion (Johnson et al. 2005). Consistent with this hypothesis, chronic treatment with a

p38 MAPK inhibitor reduced the renal expression of OPN and attenuated interstitial

fibrosis as well as salt-sensitive hypertension (Ju et al. 2003, Lenhard et al. 2003).

Like OPN, PAI-1 expression was increased in the SFD SHR-SP and L-NAME

SHR models of malignant hypertension. However, the immunohistochemical

localization of PAI-1 in the kidney was distinct compared with OPN. Enhanced

PAI-1 immunoreactivity was localized primarily in glomeruli and to a lesser extent in

proximal tubules, renal vascular endothelium and media. The results are consistent

sof-c

nuj-c

1PS

KPAM 83p sof-c

nuj-c

1PS
NPO

1-IAP

Figure 5. In-silico pathway analysis of microarray gene expression revealed putative p38 MAPK-dependent

mechanisms of OPN and PAI-1 regulation in the hypertensive kidney. Activation of p38 MAPK was linked

to PAI-1 and OPN via SP1, c-fos and c-jun. SP1, specificity protein-1; c-fos, FBJ osteosarcoma oncogene; c-

jun, transforming oncogene of the avian sarcoma virus 17.
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with previous observations of elevated PAI-1 gene expression in double transgenic rats

(over-expression of human angiotensinogen and renin) with renal end-organ damage

(Luft et al. 1999, Mervaala et al. 1999, Theuer et al. 2002). These investigators

demonstrated that PAI-1 was associated with the infiltration of inflammatory cells in

the kidney. As a primary inhibitor of fribinolysis, PAI-1 may play an important role in

the hallmark fibrinoid arteriosclerosis observed in hypertensive renal arterioles.

Chronic treatment with a p38 MAPK inhibitor preserved renal function and

significantly reduced tissue PAI-1 levels in the models of malignant hypertension.

Plasma concentrations of both OPN and PAI-1 were elevated progressively in the

models of malignant hypertension and were highly correlated with urinary albumin

excretion. Despite a similar correlation, OPN and PAI-1 are known to have very

different biological activities and exhibit distinct renal expression patterns in situ

(above). Thus, the correlation of plasma OPN and PAI-1 with albuminuria may

suggest two independent cellular processes known to regulate albumin excretion in the

nephron * changes in tubular reabsorption and glomerular albumin filtration,

respectively (Mathieson 2004). The origin(s) of elevated plasma OPN and PAI-1 in

malignant hypertension remains to be determined.

Chronic treatment with a selective inhibitor of p38 MAPK significantly reduced

plasma and tissue levels of OPN and PAI-1, and the urinary excretion of albumin.

Changes in these biomarkers were associated with structural and functional improve-

ment in kidneys. The present results extend previous reports that demonstrate

efficacious end-organ protection following treatment with structurally related and

diverse (unpublished) p38 MAPK inhibitors (Behr et al. 2001, 2003, Ju et al. 2003,

Lenhard et al. 2003, Olzinski et al. 2005). The mechanism by which p38 inhibitors

attenuate OPN and PAI-1 plasma levels is unclear, however, it is unlikely to be a

primary haemodynamic action since p38 MAPK inhibitors are devoid of traditional

antihypertensive activity. However, chronic haemodynamic improvements secondary

to renovascular protection cannot be ruled out. In previous studies we have shown

that p38 inhibitors prevent the progression of hypertension in the SFD SHR-SP (Behr

et al. 2001, Ju et al. 2003) and L-NAME SHR (Olzinski et al. 2005), however

endothelial function is only improved in the SHR-SP model. Evidence suggests that

treatment with p38 MAPK inhibitors restore NO/ROS balance in the vessel wall by

inhibiting hypertension induced up-regulation of b-nicotinamide adenine dinucleotide

phosphate (NADPH) oxidase (data not shown).

Pathway analysis based on the microarray results suggested mechanisms by which

p38 MAPK may regulate OPN and PAI-1 in malignant hypertension. The three

transcription factors identified (SP1, c-fos and c-jun) are activated by p38 MAPK in

different in vitro or in vivo models (Fisher et al. 1998, Ma et al. 2001, Tanos et al.

2005). Furthermore, each of these transcription factors has been shown to regulate

both OPN (Wang et al. 2000, Bidder et al. 2002) and PAI-1 (Datta et al. 2000, Kasza

et al. 2002, Vulin & Stanley 2004) expression by interacting with respective promoter

recognition sequences. This in-silico analysis provides a conceptual framework for

further investigation into mechanisms of hypertensive target organ damage.

Progressive increases in plasma concentrations of OPN and PAI-1 were correlated

with albuminuria in models of malignant hypertension and their differential renal

localization suggest distinct roles in target organ damage. Conversely, plasma levels

and renal expression of OPN and PAI-1 were reduced along with target organ damage

in groups treated with a selective p38 MAPK inhibitor. Thus, plasma OPN and PAI-1
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appear to be biomarker of p38 MAPK-dependent hypertensive target organ damage.

Future biomarkers strategies may help guide aggressive treatment of hypertensive

patients, especially when effective treatment modalities have only modest or indirect

effects on blood pressure.
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