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Aims Rho kinases (ROCKs) are the best characterized effectors of the small G-protein RhoA, and play a role in enhanced
vasoconstriction in animal models of congestive heart failure (CHF). This study examined if ROCK activity is
increased in CHF and how it is associated with the outcome in CHF.

Methods
and results

Patients admitted with CHF (n ¼ 178), disease controls (n ¼ 31), and normal subjects (n ¼ 30) were studied. Base-
line ROCK activity was measured by phosphorylation of themyosin-binding subunit in peripheral leucocytes. The
patients were followed up for 14.4+7.2 months (range 0.5–26 months) or until the occurrence of cardiac
death. The ROCK activity in CHF patients (2.93+ 0.87) was significantly higher than that of the disease control
(2.06+ 0.38, P , 0.001) and normal control (1.57+0.43, P , 0.001) groups. Similarly, protein levels of ROCK1
and ROCK2 as well as the activity of RhoA in CHF were significantly higher than in disease controls and normal con-
trols (all P , 0.05). Dyspnoea at rest (b ¼ 0.338, P , 0.001), low left ventricular ejection fraction (b ¼ –0.277,
P , 0.001), and high creatinine (b ¼ 0.202, P ¼ 0.006) were independent predictors of the baseline ROCK activity
in CHF. Forty-five patients died within 2 years follow-up (25.3%). Combining ROCK activity and N-terminal pro
brain natriuretic peptide (NT-proBNP) had an incremental value (log rank x2 ¼ 11.62) in predicting long-term mor-
tality when compared with only NT-proBNP (log rank x2 ¼ 5.16, P , 0.05).

Conclusion ROCK activity is increased in CHF and it might be associated with the mortality in CHF. ROCK activity might be a
complementary biomarker to CHF risk stratification.
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Introduction
Cardiac hypertrophy leading to congestive heart failure (CHF) is a
major cause of morbidity and mortality worldwide. Cardiac hyper-
trophy is an adaptive response of the heart to pressure or volume
overload. This initial adaptative response becomes maladaptative,
switching the heart from a compensated to decompensated state
and finally leading to heart failure. The molecular response to pres-
sure overload is complex and may include modulation of various
intracellular signal pathways. Furthermore, pressure overload
leads to the secretion of vasoactive peptides, such as angiotensin
II and endothelin 1, which play pivotal roles in the induction of
these hypertrophic responses.1 Recent studies suggest that the
hypertrophic process is also mediated, in part, by an increase in

myocardial oxidative stress.2 In the myocardium, Ras, Rho, and
Rac are involved in the hypertrophic response.3 On the other
hand, vasoconstrictor neurohumoral systems, such as the renin–
angiotensin–aldosterone system and the sympathetic nervous
system, are important in the pathophysiology of CHF.4 Studies
have also revealed the importance of the Rho proteins and their
associated kinases, Rho kinases (ROCKs), in the regulation of the
vascular tone of various blood vessels, including the renal
vasculature.5

Rho-associated kinase is a serine/threonine kinase that mediates
some of the downstream signalling of RhoA.6 Currently, there are
two isoforms of ROCK, ROCK1 and ROCK2. Pharmacological in-
hibition of ROCK suggests that it plays an important role in the
pathogenesis of diverse cardiovascular diseases such as cerebral
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and coronary vasospasm, hypertension, vascular inflammation, is-
chaemia/reperfusion injury,6 left ventricular remodelling after myo-
cardial infarction,6 and atrial natriuretic factor expression.6

Activation of ERK1/2 and of the cardiac transcription factor
GATA-4 identify them as downstream nuclear mediators of
ROCKs during myocardial cell hypertrophy.7

These findings suggest that ROCK-dependent signalling pathways
may potentially contribute to the mechanism of systemic and renal
vasoconstriction and cardiac hypertrophy in CHF. Indeed, cardiac-
specific overexpression of RhoA in mice resulted in a lethal form
of heart failure, characterized by atrial enlargement, conduction
defects, contractile failure, and generalized oedema.8 Similarly,
Kobayashi et al.9 demonstrated the importance of ROCK pathways
in the induction of cardiac dysfunction and remodelling in the failing
hearts of Dahl salt-sensitive rats with CHF, and Kishi et al.10 proved
that ROCK is involved in the increased forearm vascular resistance
and impaired vasodilatation in patients with heart failure. However,
there is little information on ROCK activity in patients with CHF
and, therefore, the purpose of this study was to clarify the involve-
ment of ROCK in CHF patients and whether ROCK activity pre-
dicts long-term mortality.

Methods

Study subjects
Consecutive patients (52% men; aged 74+12 years) admitted to a
university teaching hospital (the Prince of Wales Hospital in Hong
Kong) for CHF were enrolled between December 2007 and January
2009. A total of 178 patients were recruited. CHF was diagnosed
based on the ACC/AHA guideline.11 All the patients were followed
up until 1 February 2010 (14.4+7.2, 0.5–26 months) or until the oc-
currence of cardiac death. Sixty-one volunteers were subdivided into
the disease control group (n ¼ 31) (76% men; aged 69+8 years)
and the healthy control group (n ¼ 30) (67% men; aged 67+ 9
years) depending on the presence or absence of hypertension or
smoking status which have been proved to influence ROCK activity.12

All disease control subjects had normal epicardial coronary arteries on
angiography. The effect of statins was statistically adjusted. Written
informed consentwas obtained from all subjects. The study was
approved by the Institution’s Ethics Committee.

Analysis of Rho kinase activity, ROCK1,
ROCK2, and RhoA activity
Leucocytes were isolated from 10 mL of peripheral blood at admission
following a validated and standardized protocol.13 The leucocytes were
frozen and stored at –808C until all samples were collected. The
ROCK assays were performed on all leucocyte samples at the same
time. The resulting samples were subjected to sodium dodecyl
sulfate–polyacrylamide gel electrophoresis, and bound proteins were
detected by immunoblotting. The samples were analysed using the
rabbit anti-myosin-binding subunit (MBS) polyclonal antibody
(Covance, Princeton, NJ, USA), anti-ROCK1 monoclonal antibody,
anti-ROCK2 monoclonal antibody (BD Biosciences, San Jose, CA,
USA), anti-actin monoclonal antibody (Sigma), anti-phospho-specific
Ser854-MBS13 polyclonal antibody [kindly provided by Professor J.K.
Liao (Boston, MA)], or anti-RhoA antibody (Bioword kit). Rho kinase
activity was expressed as the ratio of phosphorylation levels of the
MBS (pMBS) in each sample per pMBS in each positive control
divided by the MBS in each sample per MBS in each positive control.

RhoA activity was determined by glutathione S-transferase (GST) pull-
down assay. RhoA-GTP was collected using GST–Rhotekin RBD
(Cytoskeleton, Inc. catalogue number BK036).

Statistical analysis
Categorical variables are expressed as percentages of the correspond-
ing population and continuous variables as means+ standard devi-
ation. Values of P , 0.05 were considered to indicate statistical
significance. One-way analysis of variance (ANOVA) was used for
comparison of the mean values of continuous variables among
groups, and post-hoc analysis was performed by Scheffe’s test to
examine for intergroup differences. ROCK activity was adjusted for
age between different groups as healthy control subjects were inevit-
ably younger than other diseased controls. Univariate linear regression
(Pearson and Spearman’s correlation) models were used to assess the
relationship between parametric clinical variables and ROCK activity.
All variables with a significant association but which did not exhibit ex-
cessive collinearity with each other were evaluated for inclusion in a
stepwise multiple regression analysis model using ROCK activity as
the dependent variable. Receiver operating characteristics (ROC) ana-
lysis was performed to determine the best cut-off value of ROCK ac-
tivity and N-terminal pro brain natriuretic peptide (NT-proBNP) for
following up outcomes in the patient cohort. Multivariate Cox regres-
sion analysis was performed to investigate for independent predictors
of death outcomes. Event-free survival (days alive) was estimated by
the Kaplan–Meier method and compared between groups by the
log-rank test. All statistical analyses were conducted with the SPSS stat-
istical package for Vista version 15.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics
Baseline clinical features and biochemical profiles are summarized
in Table 1. A comparison of baseline clinical and biochemical para-
meters between the heart failure and disease control groups did
not show any statistically significant differences in terms of age,
gender, smoking status, and medical history of hypertension. The
normal controls showed no risk factors, and were aged 67+ 9
years, which matched with the heart failure (74+ 12 years) and
disease controls (69+ 8 years). Compared with disease and
normal controls, the heart failure patients had a lower left ven-
tricular ejection fraction (LVEF) (47.5+ 14.3% vs. 64.2+4.1%
and 68.5+3.5%, P , 0.001), total cholesterol (TC) (4.3+1.3
mmol/L vs. 4.8+0.8 and 5.1+0.5 mmol/L, P ¼ 0.003) and LDL
cholesterol (LDL-C) (2.4+1.1 mmol/L vs. 2.9+1.0 and 3.0+
0.3 mmol/L, P ¼ 0.011). Heart failure patients had higher systolic
blood pressure (SBP) (148+31 mmHg vs. 129+22 mmHg,
P ¼ 0.002), fasting glucose (6.5+ 1.8 mmol/L vs. 5.2+ 0.3,
mmol/L, P ¼ 0.002), and white blood cells (WBC) (9.2+ 4.0 ×
109/L vs. 5.5+1.8 × 109/L, P ¼ 0.004) than normal controls.

Rho kinase activity, ROCK1, ROCK2, and
RhoA activity in congestive heart failure
and control groups
The ROCK activity (2.93+ 0.87, n ¼ 178) in the CHF group was
significantly higher than that of the disease control (2.06+ 0.38,
n ¼ 31, P , 0.001) and normal control groups (1.57+0.43,
n ¼ 30, P , 0.001) (Figure 1). Western blot analysis showed
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increased ROCK1 and ROCK2 protein levels in heart failure sub-
jects (vs. disease and normal control, all P , 0.05) (Figure 2A, B, D,
E). Similarly, RhoA activity was found to be increased in heart
failure (vs. disease and normal control, all P , 0.05) (Figure 2C,
F ). Also, RhoA activity in the disease controls was significantly
higher than that in normal controls (Figure 2C, F ). However, no sig-
nificant differences between ROCK1 and ROCK2 were found
between disease and normal subjects (Figure 2). The heart failure
patients with ischaemic heart disease had higher ROCK activity
(3.10+1.01, n ¼ 80) than other patients with hypertensive
(2.69+0.75, n ¼ 37) or valvular diseases (2.92+1.11, n ¼ 12)
and dilated cardiomyopathy (2.94+0.82, n ¼ 11) (P , 0.05). In
the CHF cohort, patients were divided into four subgroups accord-
ing to LVEF on admission: severe (,25%), moderate (25–40%),
mild (40–55%), and normal EF (.55%). ROCK activity in the
severe EF group (3.48+1.36, n ¼ 15) was significantly higher
than that in the mild (2.88+ 0.74, n ¼ 49; P ¼ 0.003) and
normal EF (2.75+0.85, n ¼ 67; P ¼ 0.016) groups. Patients with

moderate EF (3.09+0.65, n ¼ 37) had higher ROCK activity
than those with normal EF (P ¼ 0.050) (Figure 3). In addition
ROCK activity was greater in systolic heart failure (3.12+ 0.13,
n ¼ 86) than in diastolic heart failure (2.74+0.10, n ¼ 82) (P ,

0.05). ROCK activity was also highest in those heart failure patients
with New York Heart Association (NYHA) class IV [3.51+1.09,
n ¼ 41 vs. 3.06+0.71, n ¼ 56 (NYHA III), 2.62+0.67, n ¼ 46
(NYHA II), and 2.35+0.84, n ¼ 25 (NYHA I)] (P , 0.001). Since
NYHA class is relatively subjective mainly based on the patient’s de-
scription, ‘heart failure status (acute)’, ‘dyspnoea at rest’, and ‘6 min-
hallwalk’ were used to assess the severity of the heart failure.

Predictors of Rho kinase activity in
congestive heart failure measured at
baseline
Univariate association analysis showed that among the factors
associated with ROCK activity, heart failure status (r ¼ 0.443,
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Table 1 Baseline characteristics of congestive heart failure, disease control, and normal control subjects

Baseline characteristic CHF (n 5 178) Disease controls (n 5 31) Normal controls (n 5 30) ANOVA P-value

Age (years) 74+12 69+8 67+9 ,0.001

Gender(male) 92 (52%) 16 (76%) 20 (67%) 0.003

Current smoker 18 (10%) 4 (19%) 0 NA

Medical history

Hypertension 113 (63%) 17 (81%) 0 NA

Diabetes mellitus 71 (40%) 0 0 NA

Hyperlipidaemia 46 (26%) 0 0 NA

Chronic renal failure 36 (20%) 0 0 NA

Medication

Diuretics 84 (47%) 0 0 NA

ACEI 71 (40%) 5 (16%) 0 NA

Losartan 13 (7%) 0 0 NA

CCB 49 (27%) 7 (23%) 0 NA

Beta-blocker 65 (36%) 0 0 NA

Clinic

LVEF (%) 47.5+14.3‡ 64.2+4.1 68.5+3.5 ,0.001

SBP (mmHg) 148+31§ 143+20 129+22 0.003

DBP (mmHg) 79+20 82+10 77+13 0.622

HR (b.p.m.) 88+24 69+13 87+11 0.08

BMI 24.8+4.1 25.3+8.5 23.6+3.2 0.375

Laboratory

Fasting glucose (mmol/L) 6.5+1.8‡ 5.2+0.8 5.2+0.3 0.007

TC (mmol/L) 4.3+1.3§ 4.8+0.8 5.1+0.5 0.003

LDL-C (mmollL) 2.4+1.1§ 2.9+1.0 3.0+0.3 0.011

TG (mmol/L) 1.6+1.5 1.7+1.9 1.3+0.2 0.317

HDL-C (mmol/L) 1.3+0.6 1.4+0.4 1.5+0.6 0.204

WBC (109/L) 9.2+4.0§ 8.4+3.7 5.5+1.8 0.052

Creatinine (mmol/L) 173+148 91+13 71+19 0.086

ACEI, angiotensin-converting enzyme inhibitor; ANOVA, analysis of variance; BMI, body mass index; CCB, calcium channel blocker; CHF, congestive heart failure; DBP, diastolic
blood pressure; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; NA, not
applicable; SBP, systolic blood pressure; TC, total cholesterol; TG. triglycerides; WBC, white blood cells.
‡P , 0.001 vs. disease control and normal control.
§P , 0.05 vs normal control.
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P , 0.001), dyspnoea at rest (r ¼ 0.411, P , 0.001), heart
failure with myocardial ischaemia (MI) on admission (r ¼ 0.423,
P , 0.001), history of ischaemic heart disease (r ¼ 0.254,
P ¼ 0.030) or heart failure (r ¼ 0.182, P ¼ 0.020), heart rate

(r ¼ 0.298, P ¼ 0.001), urea (r ¼ 0.176, P ¼ 0.019), and creatinine
(r ¼ 0.360, P , 0.001) were all positively associated with increased
levels of ROCK activity. In contrast, LVEF (r ¼ –0.587, P , 0.001)
and sodium (r ¼ –0.169, P ¼ 0.025) were negatively associated
with ROCK activity. Multivariate regression models (stepwise)
showed that dyspnoea at rest (b ¼ 0.338, P , 0.001), low LVEF
(b ¼ –0.277, P , 0.001), and high creatinine (b ¼ 0.202,
P ¼ 0.006) predict baseline ROCK activity in CHF (Table 2).

Figure 2 Western blot analysis of ROCK1, ROCK2, and RhoA activity in heart failure, disease control, and normal control groups. ROCK1
and ROCK2 increased significantly in heart failure compared with the disease and normal control groups (*P , 0.05; A, B, D, E). Similarly, RhoA
activity increased in heart failure when compared with the other groups (*P , 0.05; C, F ). RhoA activity in the disease control group was sig-
nificantly higher than that in the normal control group (**P , 0.05; C, F ). CHF, congestive heart failure; DC, disease control; NC, normal
control.

Figure 1 Comparison of congestive heart failure (CHF),
disease, and normal control groups. (A) Western blotting
results of the group with CHF, and disease and normal control
groups. (B) Rho kinase (ROCK) activity in different groups. DC,
disease control; NC, normal control; p-MBS, phosphorylated
myosin-binding subunit.

Figure 3 Comparison of Rho kinase (ROCK) of different con-
gestive heart failure groups with severe (,25%), moderate (25–
40%), mild (40–55%), and normal ejection fraction (EF) (.55%).
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Clinical outcome and predictors of
long-term event-free survival
The mean duration of follow-up was 14.4 (+ 7.2) months (range
0.5–26 months). A total of 112 patients (82%) were followed up
for . 1 year and 45 patients (25.3%) reached the primary endpoint
of death. Accordingly, event-free survival was from 382 to 783
days. Further investigation was performed by Cox regression sur-
vival analysis for a long-term event outcome including the following
baseline variables which were significantly correlated with death:
age (r¼ 0.177, P ¼ 0.019), serum sodium (r ¼ –0.180, P ¼ 0.018),
heart rate (r ¼ 0.183, P ¼ 0.020), creatinine concentration
(r ¼ 0.263, P , 0.001), blood urea (r ¼ 0.275, P , 0.001), ROCK
activity (r ¼ 0.178, P ¼ 0.019), and NT-proBNP (r ¼ 0.352,
P ¼ 0.005). Of all variables tested, age [hazard ratio (HR) 1.038,
95% confidence interval (CI) 1.001–1.076, P ¼ 0.044], sodium
level (HR 0.894, 95% CI 0.825–0.969, P ¼ 0.007), heart rate at ad-
mission (HR 1.020, 95% CI 1.006–1.034, P ¼ 0.006), and
NT-proBNP level (HR 1.200, 95% CI 1.000–1.002, P ¼ 0.038)
were the independent predictors for long-term mortality (Table 3).

In our study, the best cut-off value for ROCK activity to predict
long-term mortality was 3.015, with sensitivity and specificity rates
of 58% and 60%, respectively. The area under the curve (AUC)
was 0.61, P ¼ 0.037. The best cut-off value for NT-proBNP to
predict long-term mortality was 3788 pg/mL, with sensitivity and
specificity rates of 65% and 59%, respectively. The AUC was
0.59, P ¼ 0.012. CHF patients were separated into four subgroups
according to these two cut-off points. Patients with . 3788 pg/mL
NT-proBNP and 3.015 ROCK activity had 44% mortality over 2

years, which is significantly higher than that of the group with ,

3788 pg/mL NT-proBNP and 3.015 ROCK activity (12%, P ¼
0.005). The mortality of the group with low NT-proBNP but
high ROCK activity (22%) was also significantly lower than that
of the group with high NT-proBNP and high ROCK activity
(44%, P ¼ 0.049) (Figures 4 and 5).

Furthermore, although only NT-proBNP has prognostic value,
combining both NT-proBNP and ROCK activity was significantly
superior in predicting mortality when compared with only a
single factor (P , 0.05) (Figure 6).

Discussion
In this study, we have shown for the first time that circulating
ROCK activity in leucocytes is higher in CHF subjects than in
disease control and normal control groups. Furthermore, higher
baseline ROCK activity was associated with several features of
CHF, such as more severe symptoms on admission (heart failure
status, dyspnoea at rest), MI on admission, history of ischaemic
heart disease, heart failure, or renal failure, poor systolic cardiac
function (LVEF and heart rate), and lower renal function
(sodium, urea, and creatinine). In addition, dyspnoea at rest, low
LVEF, and high creatinine predicted the baseline ROCK activity
in CHF. Combining ROCK activity and NT-proBNP had an incre-
mental value in predicting long-term mortality. These findings indi-
cate that ROCK activity might be a risk marker for CHF and
suggest that ROCK activity may have a part to play in the pathopy-
siology and progression of CHF.

Increased Rho kinase activity in
congestive heart failure
It has been shown that ROCK may act as a downstream effector in
the intracellular signalling of several G protein-coupled receptors,
including those of angiotensin II, norepinephrine, and endothelin-1,
the activities of which are known to be elevated in CHF.14 In add-
ition, the ROCK system has been implicated in the mediation of
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Table 3 Multivariate Cox regression of baseline
variables to long-term mortality

Covariate Multivariate (forward)

HR 95% CI P-value

Age (years) 1.038 1.001–1.076 0.044

Sodium (mmol/L) 0.894 0.825–0.969 0.007

Heart rate (b.p.m.) 1.02 1.006–1.034 0.006

Creatinine (mmol/L) – – 0.195

Urea (mmol/L) – – 0.126

ACEI usage – – 0.267

Beta-blocker usage – – 0.315

ROCK activity – – 0.563

NT-proBNP (pg/mL) 1.2 1.000–1.002 0.038

ACEI, angiotensin-converting enzyme inhibitor; CI, confidence interval; HR, hazard
ratio; NT-proBNP, N-terminal pro brain natriuretic peptide; ROCK, Rho kinase.
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Table 2 Prediction of Rho kinase activity in univariate
and multivariate regression models

Variables Univariate Multivariate
(stepwise)

Coefficient P-value b P-value

Heart failure status
(acute or stable)

0.443 ,0.001 – –

Dyspnoa at rest 0.411 ,0.001 0.338 ,0.001

Heart failure with MI
on admission

0.423 ,0.001 – –

History of ischaemic
heart disease

0.254 0.030 – –

History of heart
failure

0.182 0.020 – –

History of renal
failure

0.321 0.028 – –

Left ventricular
ejection fraction
(%)

–0.587 ,0.001 –0.277 ,0.001

Heart rate (b.p.m.) 0.298 0.001 – –

Sodium (mmol/L) 20.169 0.025 - –

Urea (mmol/L) 0.176 0.019 – –

Creatinine (mmol/L) 0.361 ,0.001 0.202 0.006

MI, myocardial ischaemia.
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endothelin-1- and mechanical stress-induced hypertrophic
responses in cardiac myocytes.15 These findings suggest that
ROCK-dependent signalling pathways may potentially contribute
to the mechanism of systemic and renal vasoconstriction and
cardiac hypertrophy in CHF.

Although there are few studies on ROCK activity in humans with
CHF, many studies in animal models have confirmed the potential
involvement of Rho/ROCK in heart failure. In a dog model of
tachypacing-induced heart failure, Y-27632, which is an inhibitor of
ROCK, attenuates this response without a significant change in intra-
cellular Ca2+ concentrations in vascular smooth muscle cells
(VSMCs), suggesting that the Rho/ROCK pathway is involved in
the increased vasoconstrictor response in heart failure.14 Transgenic
mice that overexpress RhoA in the heart develop loss of systolic
function and dilated cardiomyopathy.8 Long-term inhibition of
ROCK by fasudil treatment reduces the angiotensin II-induced car-
diomyocyte hypertrophy in wild-type as well as in apoE-KO mice.16

In addition, ROCK inhibition improves cardiac function by prevent-
ing the angiotensin II-induced decrease in ventricular contractility,
cardiac output, and cardiac stoke volume.16 In Dahl salt-sensitive
hypertensive rats, the ventricular hypertrophy and function is signifi-
cantly ameliorated by ROCK inhibition.9,17 It has been suggested
that the cardioprotective effect of ROCK inhibition involved
up-regulation of the down-regulated endothelial nitric oxide syn-
thase (eNOS) and the reduction of oxidative stress through the in-
hibition of NAD(P)H oxidase and lectin-like oxidized LDL
receptor-1 expression.17 Recently, ROCK1 was proven to play an

essential role in the transition from cardiac hypertrophy to cardiac
failure in mice.18 Fasudil could suppresses isoproterenol-induced
heart failure in rats via JNK and ERK1/2 pathways.19 In patients
with heart failure, intra-arterial infusion of fasudil causes a preferen-
tial increase in forearm blood flow as compared with control sub-
jects, suggesting an involvement of the Rho/Rho kinase pathway in
the increased peripheral vascular resistance in heart failure in
humans.10 The long-term effects of fasudil as a vasodilator therapy
in the treatment of heart failure remain to be examined.

Interestingly, poor renal function also predicted high ROCK ac-
tivity. In previous studies, ROCK has been shown to be constitu-
tionally active in the renal circulation. Thus, ROCK inhibition by
Y-27632 and fasudil dilates basal tone of afferent as well as efferent
arterioles in in vitro20 and in vivo hydronephrotic kidney models.21

Furthermore, both Y-27632 and fasudil reverse the angiotensin
II-induced vasoconstriction of afferent and efferent arterioles.20A
recent study found that inhibition of the Rho/ROCK pathway
could attenuate cyclosporine-induced kidney injury through the
suppression of the induction of inflammation and apoptosis.22 Al-
though these in vitro observations strongly suggest substantial
roles for ROCK in mediating the progression of renal injury, only
a couple of studies have been conducted that provided direct in
vivo evidence for the contribution of ROCK to the development
of renal disease.

In this study, we found that ROCK1 and ROCK2 protein levels
were significantly different between heart failure and disease or
normal controls, as was RhoA activity. The same observation

Figure 4 Comparison of mortality in different congestive heart failure (CHF) subgroups with different levels of N-terminal pro brain natri-
uretic peptide (NT-proBNP) and Rho kinase (ROCK) activity.
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was found in an ischaemia/reperfusion injury animal model.23

However, no obvious increase in ROCK1 and ROCK2 was
found between disease and normal control groups, which was
similar to findings in previous studies.24,25 Thus in acute heart
failure, the ROCK activity increase is probably due to the elevated
ROCK itself, as well as the increase in the protein level. Meanwhile,
in smokers or those with hypertension, who are in a relatively
stable state, the increase in ROCK activity is most probably the
result of the activation of the kinase itself. Noma et al.12 demon-
strated that not only endothelial dysfunction but also activated
ROCK in VSMCs were found in healthy young male smokers com-
pared with non-smokers. This suggests that smoking is involved in
not only endothelial dysfunction but also activation of ROCK in
VSMCs in the forearm circulation. In our study we did not find
any relationship between smoking and ROCK activity in CHF.
This might be because the combined effects of impaired systolic
cardiac function and renal failure in severe heart failure outweigh
any effect on ROCK activity due to smoking.

Heart failure is characterized by a chronic inflammatory status.26

Circulating C-reactive protein and pro-inflammatory cytokines are
increased at all stages of renal failure. In fact, numerous studies
demonstrated that the Rho/ROCK pathway is involved in the

inflammatory process. ROCK1 mediates leucocyte recruitment
and neointima formation following vascular injury.27 ROCK is
also important in mediating the adhesion and transmigration of

Figure 5 The upper figure is the Kaplan–Meier curves for event-free survival within 2 years according to N-terminal pro brain natriuretic
peptde (NT-proBNP) (log rank x2 ¼ 5.16, P ¼ 0.023). The lower figure is the Kaplan–Meier curves for event-free survival within 2 years
according to NT-proBNP combined with Rho kinase (ROCK) activity (log rank x2 ¼ 11.62, P ¼ 0.009).

Figure 6 Incremental predictive value of combining the
N-terminal pro brain natriuretic pepide (NT-proBNP) and Rho
kinase (ROCK) activity for long-term mortality on top of the
individual NT-proBNP predictor.
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monocytes.28 Peripheral elevated ROCK activity could be used as a
biomarker of vascular injury and to indicate endothelial activation.
Thus, the peripheral leucocyte ROCK activity could represent the
severity of heart failure or renal failure. In our study, white blood
cells were not significantly correlated with ROCK activity. This may
be due to other factors playing a more important role in elevating
inflammatory mediators such as the ROCK protein level in heart
failure. However, it is not clear whether this relationship repre-
sents cause or effect. The Rho/ROCK pathway is also involved in
smooth muscle cell contraction and hypertrophy, which are im-
portant pathological processes in heart failure. Therefore, ROCK-
dependent signalling pathways may potentially contribute to the
mechanisms of systemic and renal vasoconstriction and cardiac
hypertrophy in CHF.

Subjects with high baseline N-terminal
pro brain natriuretic peptide and high
Rho kinase activity have worse long-term
outcome
In this study, we demonstrated for the first time the prognostic
value of ROCK and NT-proBNP in patients with CHF. In those
who subsequently died, ROCK activity and NT-proBNP were sig-
nificantly higher than in the survivors. NT-proBNP is a well-
established marker for the diagnosis of heart failure29 and can
also be used as a prognostic tool30 and for monitoring treatment.31

In our CHF cohort, NT-proBNP was an independent predictor of
long-term mortality whereas ROCK activity was not. A previous
study has proved that patients with high NT-proBNP were more
likely to be admitted to hospital and to the intensive medical
unit (IMC)/intensive care unit (ICU).32 In this study, the combin-
ation of ROCK activity and NT-proBNP was more useful for pre-
dicting mortality in patients with CHF than NT-proBNP alone. This
suggests that although NT-proBNP is a more sensitive biomarker
than ROCK activity in CHF, ROCK is more representative of the
inflammation, endothelial dysfunction, and vasoconstriction.

Recently, besides NT-proBNP, other molecular biomarkers have
been evaluated in heart failure, such as mid-regional pro-atrial
natriuretic peptide, mid-regional pro-adrenomedullin, C-terminal
pro-endothelin-1, and C-terminal pro-vasopressin.33,34 Some
studies have shown an incremental benefit of measuring other bio-
markers in addition to NT-proBNP in heart failure. Such combina-
tions with NT-proBNP include cardiac troponin I in systolic heart
failure,35 cardiac troponin T in decompensated heart failure,36 esti-
mated glomerular filtration rate (eGFR) after acute myocardial in-
farction predicting a heart failure event,37 and copeptin in chronic
heart failure.38 Therefore, simultaneous measurement of ROCK
activity and NT-proBNP could provide complementary informa-
tion, and a simple multimarker strategy that categorizes the
patients with advanced CHF based on the number of elevated bio-
markers may provide rapid risk stratification. There may be a
therapeutic aspect to ROCK as Winaver et al. demonstrated the
possible beneficial antihypertrophic properties of ROCK in rats
with heart failure.39

Finally, we suggest that in clinical practice the evaluation of a
change of ROCK levels during admission is probably more
helpful than a single pre-discharge ROCK absolute value, just like

NT-proBNP. Further studies are required to prove this and evalu-
ate whether selective ROCK antagonists may be useful as an add-
itional treatment modality to attenuate cardiac hypertrophy in
CHF.

Limitations
We have not measured ROCK activity in cardiac tissue because
biopsy material is difficult to obtain in our locality. The pathological
changes of circulating white blood cells sometimes are used to
reflect the tissue condition and metabolic effects in many
situations. Additional functional changes in the leucocytes, such
as cytokine production, should be tested.

Conclusion
RhoA kinase activity is elevated in CHF. Dyspnoea at rest, low
LVEF, and high creatinine predict baseline ROCK activity in CHF.
In addition, ROCK activity combined with NT-proBNP was a
good predictor for long-term event-free survival in CHF. Further
studies would be helpful to elucidate the correlation of other
inflammatory factors with ROCK activity in patients with CHF.
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