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Abstract
Objective  Renal cell carcinoma (RCC) is a hypervascular 
tumour due to high constitutive production of vascular 
endothelial growth factor (VEGF), which is activated 
by hypoxia-inducible factor (HIF). Elevated levels of 
cardiovascular peptides, including brain natriuretic 
peptide (BNP), have been reported in patients with cancer, 
regardless of whether they have overt cardiovascular 
disease. Furthermore, it has been demonstrated that 
hypoxia stimulates BNP production by an HIF-dependent 
manner. However, the clinical implications of such 
cardiovascular peptides in patients with RCC have not 
been assessed.
Methods  In patients with clear cell RCC who underwent 
nephrectomy, we investigated the relationship between 
the serum level of BNP or N-terminal pro-BNP (NT-proBNP) 
and various clinicopathological characteristics, including 
serum VEGF and expression of BNP and HIF-2 alpha in the 
primary tumour.
Results  Elevated preoperative serum levels of BNP, NT-
proBNP and VEGF, as well as increased tumour expression 
of HIF-2 alpha, were associated with a worse performance 
status, local invasion, distant metastasis and shorter 
overall survival. HIF-2 alpha expression showed a positive 
correlation with the preoperative serum VEGF level, while 
there was no relation between the serum levels of BNP/
NT-proBNP and VEGF or tumour expression of HIF-2 alpha. 
BNP expression was very low in both tumour tissues and 
normal kidney tissues. Serum levels of BNP, NT-proBNP 
and VEGF all decreased significantly after nephrectomy.
Conclusions  Our findings suggested that the preoperative 
serum levels of BNP and NT-proBNP are markers of 
tumour progression, as well as indicators of subclinical 
functional and structural myocardial damage in patients 
with advanced RCC.

Introduction
The ‘hallmarks of cancer’ are considered to 
include tumour angiogenesis, evasion of the 
host immune response and increased glucose 
uptake (aerobic glycolysis, the Warburg 
effect), and these issues are all currently 
attracting attention in the oncology field.1 
Renal cell carcinoma (RCC) is characteristi-
cally a highly angiogenic and immunogenic 
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Key questions

What is already known about this subject?
►► Renal cell carcinoma (RCC) is a hypoxia-inducible 
factor (HIF)/vascular endothelial growth factor 
(VEGF)-dependent angiogenic and hypervascular 
tumour. Elevated levels of cardiovascular peptides, 
including brain natriuretic peptide (BNP), have 
been reported in patients with cancer, regardless 
of whether they have overt cardiovascular disease. 
On the other hand, it has been demonstrated 
that hypoxia stimulates BNP production by an 
HIF-dependent manner.

What does this study add?
►► This study shows that higher preoperative serum 
levels of BNP, N-terminal pro-BNP (NT-proBNP) and 
VEGF, as well as elevated HIF-2 alpha expression 
in the primary tumour, were associated with 
a worse performance status, local invasion, 
distant metastasis and shorter overall survival. 
However, BNP expression was very low in RCC 
tissues and normal kidney tissues, and there was 
no relationship between serum levels of BNP/
NT-proBNP and serum VEGF or tumour expression 
of HIF-2 alpha. Moreover, serum levels of BNP and 
NT-proBNP decreased significantly after tumour 
resection. These observations suggested that RCC 
itself might have some influence on such damage, 
if so, the decrease of serum BNP and NT-proBNP 
after tumour resection in patients with RCC might 
be associated with alleviation of stress on the 
heart.

How might this impact on clinical practice?
►► These clinical findings suggested that the 
preoperative serum levels of BNP and NT-proBNP 
are related to progression of RCC. Since cancer 
cachexia is potentially accompanied by cardiac 
wasting, and BNP and NT-proBNP both decrease 
after nephrectomy, we should pay attention to the 
possibility of subclinical functional and structural 
damage to the myocardium in advanced RCC 
and provide insight into the cardiac defence 
mechanisms against the effects of cancer 
progression.
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http://openheart.bmj.com/
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Figure 1  Spearman's rank correlation between BNP and NT-proBNP. The serum levels of BNP are positively related with 
those of NT-proBNP preoperatively (A) and postoperatively (B). BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-BNP. 

tumour with increased aerobic glycolysis. Clear cell RCC 
(ccRCC) accounts for approximately 80% of all RCCs 
and is a hypervascular tumour due to high constitutive 
production of vascular endothelial growth factor (VEGF) 
that promotes the growth of specific tumour vasculature.2 
It is well known that von Hippel-Lindau (VHL) acts as a 
driver gene in ccRCC,3 with loss of heterozygosity of VHL 
being found in more than 90% of sporadic ccRCCs.4 VHL 
gene dysfunction leads to inhibition of hypoxia-induc-
ible factor (HIF) prolyl hydroxylase.5 6 As a result, HIF 
remains unhydroxylated and avoids degradation, thus 
upregulating the transcription of several genes involved 
in angiogenesis and cell proliferation, including VEGF 
and platelet-derived growth factor. VEGF is a potent angi-
ogenic protein with a key role in tumour angiogenesis,7 

which exerts its effects by binding to the VEGF receptor 
on endothelial cells.8 Thus, RCC is considered to be 
an HIF/VEGF-dependent cancer, and its elevated angi-
ogenic potential results in the development of highly 
vascular tumours.2 

Cancer cachexia is a multifactorial syndrome character-
ised by the ongoing loss of skeletal muscle mass (with or 
without loss of fat mass) that cannot be fully reversed by 
conventional nutritional support and leads to progressive 
functional impairment.9–14 The association between cancer 
cachexia and cardiac wasting is also well characterised.15 
Cardiac cachexia is a complex clinical syndrome, which 
has a poor prognosis in the terminal stage of chronic 
heart failure.16 Natriuretic peptides, such as brain natri-
uretic peptide (BNP) and amino N-terminal pro-BNP 
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Table 1  Relationship between molecules and clinicopathological features

Preoperative 
BNP (pg/mL) 

P value

Preoperative NT-
proBNP (pg/mL) 

P value

HIF-2 
alpha

P value

Preoperative 
VEGF (pg/mL) 

P valueMean±SD Mean±SD Mean±SD Mean±SD 

All patients (n=129) 44.2±47.9 227.5±261.5 5.1±4.9 173.1±211.9

Karnofsky performance 
status

 � >80% (n=93) 40.3±50.0 4E-04 198.2±265.4 4E-04 3.3±4.0 <0.0001 124.3±164.8 <0.0001

 � <80% (n=36) 56.3±38.7 321.2±234.6 7.6±4.2 364.1±256.1

Hypertension, arrhythmia or 
diabetes mellitus

 � Positive (n=71) 37.2±42.4 0.018 190.9±221.1 0.035 4.1±3.6 0.3496 157.6±183.8 0.0946

 � Negative (n=58) 52.5±53.4 267.2±302.5 5.2±5.2 212.5±189.4

Grade

 � 1 (n=10) 23.4±25.7 0.015 129.0±90.5 0.013 2.4±2.6 <0.0001 40.9±38.3 <0.0001

 � 2 (n=63) 36.8±43.9 164.9±208.6 3.0±2.5 102.2±119.6

 � 2 (n=47) 57.1±54.3 297.2±300.3 7.3±12.2 333.7±248.6

 � 4 (n=9) 63.1±49.2 382.1±352.8 11.7±3.0 566.6±123.8

pT

 � 1/2 (n=59) 28.9±33.2 2E-04 113.7±79.5 <0.0001 2.6±2.3 <0.0001 84.0±95.3 0.0005

 � 3/4 (n=70) 55.7±53.9 315.2±316.9 6.4±5.1 291.6±251.3

Distant metastasis (M)

 � M0 (n=80) 34.7±44.7 <0.0001 174.4±254.9 <0.0001 3.6±3.7 0.0002 139.7±193.2 <0.0001

 � M1 (n=49) 60.1±49.2 327.4±250.8 6.5±5.2 277.0±234.5

BNP, brain natriuretic peptide; HIF-2, hypoxia-inducible factor 2; NT-proBNP, N-terminal pro-BNP; VEGF, vascular endothelial growth factor. 
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(NT-proBNP), are regulators of ventricular function that 
are widely used as diagnostic biomarkers in the treatment 
of pathophysiological heart conditions and in the manage-
ment of heart failure.17–22 Recently, elevated levels of various 
cardiovascular peptides, including BNP, have been reported 
in patients with cancer without any clinical manifestations 
of cardiac disease.23 24 We have sometimes encountered 
elevated serum levels of BNP and/or NT-proBNP in patients 
with RCC irrespective of whether they have heart disease. 
However, the clinical association between cardiovascular 
biomarkers and RCC has not yet been fully assessed. It has 
been demonstrated that hypoxia stimulates BNP produc-
tion, which is induced in an HIF-dependent manner.25 
Because RCC is an HIF/VEGF-dependent cancer,2 it is 
important to study the serum levels of BNP and NT-proBNP 
in patients with RCC, as well as serum VEGF and expression 
of BNP and HIF in the primary tumour. Obtaining such 
information will help shed more light on the clinical impli-
cations of elevated serum levels of cardiovascular hormones 
in patients with cancer.

Methods
Study population
The serum levels of BNP (normal <18.4 pg/mL) and 
NT-proBNP (normal <135 pg/mL) were retrospectively 
investigated in 129 patients (81 men and 48 women) 

with histopathologically confirmed RCC who underwent 
nephrectomy at our centre between 2011 and 2015. All 
patients routinely underwent imaging (CT and/or MRI) 
for preoperative tumour staging prior to nephrectomy. 
The following patients were excluded: patients who had 
received any prior cardiotoxic therapy and patients who 
had any symptoms of unstable cardiac disease, systemic 
inflammatory disease or autoimmune disease.

Cardiovascular risk factors were recorded, such as 
hypertension, arrhythmia, diabetes mellitus and smoking, 
and medications were documented. The cardiac status 
was considered to be normal with no requirement for 
medical assessment or treatment in patients who had no 
cardiac symptoms or ECG abnormalities, with a BNP level 
<100 pg/mL and NT-proBNP level <400 pg/mL.26 Other-
wise, echocardiography was performed by a cardiologist 
to investigate potential cardiac disorders. Significant echo-
cardiographical findings were defined as slightly, moder-
ately or severely reduced LV or RV function, moderate 
or severe valvular disease, or diastolic dysfunction with a 
pseudonormal or restrictive filling pattern. Patients were 
defined as having an abnormal cardiac status if there was 
a history of heart disease or ECG abnormalities, regardless 
of the echocardiographical findings, or if significant echo-
cardiographical findings were associated with a BNP level 
≥100 pg/mL and/or an NT-proBNP level ≥400 pg/mL.
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Figure 2  Expression of phosphorylated BNP, HIF-2 alpha and beta actin proteins in the primary tumour tissues using western 
blotting. BNPs were lower expressed in the primary tumours and in normal kidney than those in normal liver and adrenal 
ground tissues (A). HIF-2 alpha is increased expressed in the tumours than in normal kidney (B). Each number corresponds to 
a case number. Adr, normal adrenal gland; BNP, brain natriuretic peptide; HIF-2, hypoxia-inducible factor 2; Liv, normal liver; M, 
marker; N, non- tumour tissue; T, primary tumour tissue. 

We routinely measured the serum levels of BNP and 
NT-proBNP 1 week before nephrectomy and 4 weeks after 
surgery, as well as performing a full blood examination 
and biochemical tests. VEGF was measured in serum 
samples obtained from the patients and stored at −80°C 
until analysis by using an ELISA kit for human VEGF 
(DVE00, R&D Systems, MN). The tumour grade and clin-
ical stage were determined according to the Fuhrman 
system and the TNM (tumour, node, metastases) clas-
sification, respectively.27 28 The postoperative follow-up 
period ranged from 3 to 83 months (median: 31 months).

Western blotting
Western blotting of tissue samples from all of the resected 
primary tumours was performed as described previ-
ously.29 In order to compensate for variation of BNP 
and HIF-2 alpha expression, tumour tissue samples and 
corresponding non-neoplastic tissues from the same 
patient were compared. Proteins bands were visualised 
by chemiluminescence. Densitometry was performed 
with a Power Doppler Imaging (PDI) imaging scanner 
(Agfa Japan, Tokyo) and data analysis using NIH Image 
software (ImageJ for Mac OS, V.1.47). The antibodies 
employed were a mouse anti-human antibody targeting 
BNP (BNP (D-8), sc-271185; Santa Cruz Biotechnology, 
Santa Cruz, CA), a rabbit anti-human antibody targeting 
HIF-2 alpha (HIF-2 alpha (D9E3), No 7096; Cell Signa-
ling Technology, Danvers, MA) and a beta-actin antibody 
(No 1501R; Millipore, Bedford, MA).

Statistical analysis
Statistical analysis was performed using the Mann-
Whitney U test to compare two groups and the Kruskal-
Wallis test to compare three or four groups. Spearman’s 
rank correlation coefficient analysis was performed to 
determine the relations between two groups. Cause-spe-
cific survival curves were drawn by the Kaplan-Meier 
method and differences of survival were examined by 
using the log-rank test. The impact of several factors on 
survival was assessed by univariate and multivariate Cox 
proportional hazards analysis. In all analyses, P<0.05 was 
considered to indicate significance.

Results
Correlation between serum BNP and NT-proBNP in patients 
with RCC
The preoperative serum level of BNP showed a positive 
correlation with that of NT-proBNP (r2=0.77, P=0.0001, 
figure  1A). Similarly, the postoperative serum levels of 
BNP and NT-proBNP were correlated (r2=0.69, P=0.0001, 
figure 1B).

Elevation of preoperative serum BNP and NT-proBNP in 
advanced RCC
Elevated preoperative serum levels of BNP and NT-proBNP 
were associated with a worse Karnofsky performance 
status (KPS), undifferentiated tumour histology, local 
invasion and a larger tumour mass (T3/4) and distant 
metastasis (M1) (table  1). Patients with hypertension, 
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Figure 3  Spearman's rank correlation between preoperative serum levels of BNP/NT-proBNP and expression of HIF-2 alpha 
and preoperative serum level of VEGF. There was a positive relationship between expression levels of HIF-2 alpha in the 
primary tumour and preoperative serum levels of VEGF (A). Expressions levels of HIF-2 alpha in the primary tumours did not 
correlate with preoperative serum levels of BNP (B) and NT-proBNP (C). There were no relationships between preoperative 
serum levels of VEGF and BNP (D) and NT-proBNP (E). BNP, brain natriuretic peptide; HIF-2, hypoxia-inducible factor 2; NT-
proBNP, N-terminal pro-BNP; VEGF, vascular endothelial growth factor. 
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diabetes mellitus and/or arrhythmia had higher preop-
erative serum levels of BNP and NT-proBNP (table 1).

Increased tumour tissue expression of HIF-2 alpha, but not 
BNP
Expression of BNP was very low in the primary tumours 
and in normal kidney tissues compared with the posi-
tive control (normal adrenal gland and liver tissues, 
figure  2A). In contrast, HIF-2 alpha was more highly 
expressed in the tumours than in normal kidney tissues. 
The level of HIF-2 alpha expression in the primary 
tumour was associated with a lower KPS, less differen-
tiated histology, local invasion and a metastatic profile, 
while the level of HIF-2 alpha expression in the primary 
tumour was not influenced by the existence of hyperten-
sion, diabetes mellitus and/or arrhythmia (figure  2B, 
table 1).

No relation of serum BNP and NT-proBNP to HIF expression or 
the serum VEGF level
There was a positive correlation between expression 
of HIF-2 alpha and the preoperative serum VEGF level 
(r2=0.63, P<0.0001, figure  3A). On the other hand, 
preoperative serum levels of BNP and NT-proBNP 
were not related to expression of HIF-2 alpha or to the 
preoperative serum VEGF level (table  1, figure  3B–E). 
Furthermore, elevation of the preoperative VEGF level 
was associated with a lower KPS, undifferentiated tumour 
histology, local invasion and a larger tumour mass (T3/4) 
and distant metastasis (M1) (table 1).

Decrease of serum BNP, NT-proBNP and VEGF after surgery
The serum levels of BNP, NT-proBNP and VEGF decreased 
after surgery (mean±SD: BNP from 44.2±261.5 to 
23.7±25.6, P<0.0001; NT-proBNP from 227.5±261.5 to 
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Figure 4  Changing of serum levels after tumour resection. Preoperative serum levels of BNP (A), NT-proBNP (B) and VEGF 
(C) significantly decreased in patients with renal cell carcinoma (RCC) after tumour resection. The median value is the central 
line, the box is the IQR, the bars are the full range and the points are the outliers. (D–F) The data show the 95% CI. BNP, brain 
natriuretic peptide; NT-proBNP, N-terminal pro-BNP; VEGF, vascular endothelial growth factor. 

141.1±177, P=0.0018; and VEGF from 173.1±211.9 to 
57.3±53.1, P<0.0001, figure 4). When the rate of decrease 
of BNP after tumour resection compared with the level 
before surgery ((preoperative serum level-postoperative 
serum level)/preoperative serum level) was examined, 
patients with a lower KPS, less differentiated histology 
(grade 3/4), higher stage (T3/4) and metastasis (M1) 
showed a larger rate of decrease (table  2). Similarly, 
patients with distant metastasis (M1) showed a larger rate 
of decrease of NT-proBNP and those with a higher stage 
(T3/4) tended to have a larger rate of decrease (table 2).

Relationship between serum BNP or NT-proBNP and survival
The median preoperative serum level of BNP was 34.9, so 
the patients were divided into two groups at this cut-off 
value. Kaplan-Meier analysis showed that a higher BNP 
level was associated with a shorter overall survival time 
(figure 5A). Similarly, a higher NT-proBNP level (median: 
178.8) was associated with shorter overall survival 

(figure  5B). Furthermore, patients with higher median 
preoperative serum levels of HIF-2 alpha (median: 3.3) 
and VEGF (median: 73.3) displayed unfavourable overall 
survival (figure 5C,D).

When we divided the patients into two groups by the 
median postoperative serum level of BNP (median: 16.9), 
NT-proBNP (median: 91.5) or VEGF (median: 40.3), 
Kaplan-Meier analysis showed that patients with higher 
BNP or VEGF levels had worse overall survival than those 
with lower levels (P=0.009 and P<0.0001, respectively). In 
addition, patients with higher postoperative NT-proBNP 
levels tended to show unfavourable overall survival 
(P=0.0613).

Univariate Cox analysis showed that shorter overall 
survival was associated with the preoperative serum levels 
of BNP, NT-proBNP, and VEGF, HIF-2 alpha expression 
in the primary tumour, histological grade, metastasis, and 
the postoperative serum levels of BNP, NT-proBNP and 
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Table 2  Decreased ratio of BNP and NT-proBNP after tumour resection

Δ BNP (%)*

P value

Δ NT-proBNP (%)*

P valueMean±SD Mean±SD

Total (n=129) 38.2±32.8 27.9±39.7

Karnofsky performance status

 � >80% (n=78) 34.2±35.4 0.0120 24.1±43.3 0.1262

 � <80% (n=23) 51.0±18.0 40.0±21.8

Grade

 � 1/2 (n=73) 31.4±35.6 0.0030 24.7±40.6 0.3012

 � 3/4 (n=56) 47.6±26.1 32.1±38.6

pT

 � 1/2 (n=71) 28.9±38.3 0.0031 20.7±42.8 0.0575

 � 3/4 (n=58) 45.8±25.7 33.6±36.5

Distant metastasis (M)

 � M0 (n=80) 32.5±37.5 0.0076 21.8±45.3 0.0303

 � M1 (n=49) 49.6±15.8 40.3±20.5

Decreased ratio (Δ)* = preoperative−postoperative serum level
preoperative serum level

×100 (%)

BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-BNP. 
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VEGF. However, only histological grade had a significant 
impact on survival according to multivariate analysis, and 
metastasis tended to have an influence (table 3).

Discussion
This retrospective study showed that patients with higher 
preoperative serum levels of BNP and NT-proBNP had 
the following clinicopathological characteristics in 
comparison to patients with lower preoperative serum 
levels: (1) a lower KPS; (2) less differentiated tumours 
with more local invasion and metastasis; and (3) a worse 
prognosis. We also found that the serum BNP and 
NT-proBNP levels decreased after radical nephrectomy. 
Furthermore, there was little expression of BNP in either 
RCC tissues or normal kidney tissues, while HIF-2 alpha 
was highly expressed in RCC tissues. Moreover, there 
was a positive correlation between expression of HIF-2 
alpha in the primary tumour and the preoperative serum 
level of VEGF. Higher expression of HIF-2 alpha and an 
increased serum level of VEGF were significantly associ-
ated with a lower KPS, a less differentiated, locally invasive 
and metastatic tumour profile, and an unfavourable prog-
nosis, with serum VEGF decreasing after tumour resec-
tion. However, the preoperative serum levels of BNP and 
NT-proBNP were not correlated with HIF-2 expression by 
RCC or with the preoperative serum level of VEGF. These 
findings suggested that the preoperative serum levels of 
cardiovascular hormones (such as BNP and NT-proBNP) 
might be related to progression of RCC and a worse prog-
nosis, but these findings also raise some questions. First, 
where were BNP and NT-proBNP produced? Second, why 
were the serum levels of BNP and NT-proBNP increased 
and was it in response to the existence of RCC?

First, we hypothesised that RCC might produce BNP 
and NT-proBNP, because the serum levels of these two 
hormones decreased after nephrectomy. However, we 
found that BNP expression was actually very low in both 
RCC and normal kidney tissues compared with positive 
control tissues (normal adrenal gland and liver). This 
indicated that BNP and NT-proBNP were not directly or 
mainly produced by either the tumours or normal kidney 
tissues, suggesting secretion from other organs such as 
the heart by a mechanism through which RCC has some 
effect on the myocardium. Again, this raises the question 
of how RCC influences the heart to increase production 
of BNP and NT-proBNP. Next, we considered the effect of 
increased HIF-2 alpha expression in the primary tumours 
on the serum levels of BNP and NT-proBNP.

BNP and NT-proBNP are normally secreted by atrial 
and/or ventricular myocardial cells in response to 
volume or pressure overload, and production is related 
to the severity of myocardial dysfunction.17–21 It is known 
that cancers can influence the endocrine system, altering 
hormone secretion to promote tumour progression 
and survival.9.10 Investigation of 99 consecutive patients 
with cancer with a BNP level >1000 pg/mL (100 times 
the upper limit of normal) demonstrated that marked 
elevation of BNP is more frequently associated with solid 
tumours than with haematological malignancies, and 
that more than 70% of the patients with such elevated 
BNP levels had no signs of volume overload.23 It was also 
reported that elevated serum levels of BNP and high-sen-
sitive troponin T were found in patients with cancer 
without any clinical manifestations of cardiac disease 
and that the levels of these cardiovascular biomarkers 
were higher in patients with stage 4 disease compared 
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Figure 5  Overall survival in all cases. This survival curve is based on the median values of each variate in all 129 cases. The 
cases were divided into two groups at this level—high and low values. P value was analysed by log-rank test. The patients 
with higher preoperative serum levels of BNP (A), NT-proBNP (B) and VEGF (D), and increased expression of HIF-2 alpha (C) 
had shorter overall survival. BNP, brain natriuretic peptide; HIF-2, hypoxia-inducible factor 2; NT-proBNP, N-terminal pro-BNP; 
VEGF, vascular endothelial growth factor. 

Table 3  Cox regression analysis for various potential prognostic factors in overall survival after nephrectomy

Variable

Unfavourable/
favourable 
factors

Number of 
patients

Univariate (U) Multivariate (M)

Relative 
risk 95% CI P value

Relative 
risk 95% CI P value

Pre-BNP High/low 64/65 3.835 1.794 to 8.196 0.0005 1.429 0.416 to 14.179 0.8407

Pre-NT-proBNP High/low 64/65 3.168 1.329 to 7.553 0.0093 1.221 0.280 to 8.746 0.9022

HIF-2 alpha High/low 64/65 6.764 3.185 to 14.365 <0.0001 1.146 0.390 to 10.076 0.9161

Pre-VEGF High/low 64/65 6.04 2.667 to 13.680 <0.0001 3.974 0.396 to 39.929 0.2411

Grade 4/3/2/1 9/47/63/10 4.438 2.839 to 6.939 <0.0001 11.061 2.337 to 52.346 0.0024

pT 4,3/2,1 58/71 8.061 3.083 to 21.071 0.0009 1.248 0.286 to 10.530 0.8107

Metastasis 1/0 49/80 8.722 4.025 to 18.901 0.0010 3.019 0.939 to 9.710 0.0638

Post-BNP High/low 64/65 3.678 1.620 to 8.348 0.0018 6.952 0.585 to 82.650 0.1247

Post-NT-proBNP High/low 64/65 2.126 0.946 to 4.774 0.0677 1.228 0.152 to 10.223 0.8137

Post-VEGF High/low 64/65 8.394 3.984 to 17.692 <0.0001 1.182 0.176 to 12.730 0.889

BNP, brain natriuretic peptide; HIF-2, hypoxia-inducible factor 2; NT-proBNP, N-terminal pro-BNP; VEGF, vascular endothelial growth factor. 
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with earlier stages.24 Thus, elevated levels of cardiovas-
cular biomarkers in patients with cancer have generally 
been considered to represent a false-positive finding. In 
contrast, it was recently reported that elevation of serum 
NT-proBNP is related to volume overload in patients 
with cancer,30 so the exact relationship between cancer, 
NT-proBNP and volume overload or left ventricular 
dysfunction is unclear.

Association between HIF and BNP/NT-proBNP ccRCC 
is a typical vascular tumour. A cardinal feature of ccRCC 
is a very high frequency of VHL inactivation caused by 
deletion, mutation and/or silencing via methylation of 
the promoter, leading to increased expression of HIF 
alpha.3 31 HIF is an essential component of the cellular 
response to hypoxia.32 HIF-1 alpha expression is depen-
dent on both raptor and rictor, and HIF-1 alpha has both 
proliferative and antiproliferative effects, whereas HIF-2 
alpha expression only depends on rictor and it does not 
possess antiproliferative activity.33 Therefore, HIF-2 alpha 
signalling is one of the key molecular steps in tumor-
igenesis and progression of RCC. In the present study, 
higher expression of HIF-2 alpha in the primary tumour 
was associated with local invasion, metastasis and a worse 
prognosis of RCC, while preoperative serum levels of 
BNP and NT-proBNP were not related to HIF-2 alpha 
expression.

HIF-mediated induction of BNP was reported recently. 
Studies using human hepatoma cells and adult rat cardio-
myocytes have revealed that occurrence of hypoxia in 
large treatment-refractory tumours is a direct and suffi-
cient stimulus for BNP production via stabilisation of 
HIF alpha.25 It has also been shown that disease progres-
sion is related to a more hypoxic tumour environment, 
elevated expression of HIF alpha, higher plasma VEGF 
levels and increased HIF alpha-dependent induction 
of BNP production.34 Therefore, increased expression 
of HIF-2 alpha in RCC may stimulate BNP production. 
However, we found very low expression of BNP in both 
RCC tissues and normal kidney tissues in the present 
study. Therefore, further investigation is needed to eluci-
date why BNP and NT-proBNP levels are elevated and 
where these hormones are produced. In addition to its 
beneficial cardiac effects, BNP can act as an autocrine 
factor with antiproliferative, antifibrotic and direct cyto-
protective effects.35 36 Thus, HIF-mediated induction 
of BNP production might be part of the local defence 
mechanism of the myocardium against hypoxic damage, 
although it is unclear how hypoxic upregulation of HIF-2 
alpha in the tumour microenvironment influences the 
myocardium distant from the kidney.

Cancer-related cardiac wasting
It is well known that there is an association between 
advanced cancer and cachexia, which is potentially accom-
panied by cardiac wasting.13 14 The possible interaction 
between cachexia and heart failure in patients with cancer 
has recently attracted considerable attention.37 Cachexia 
is a multifactorial syndrome, in which weight loss is 

characterised by ongoing loss of skeletal muscle mass and 
progressive functional impairment.9 It has been postulated 
that cardiac dysfunction/atrophy parallels skeletal muscle 
atrophy in patients with cancer with cachexia. Heart failure 
may be a consequence of either progressive cachexia 
or cancer-induced/cancer-related cardiotoxic factors. 
Conversely, severe heart failure can result in cachexia, 
especially muscle wasting. Therefore, the onset of heart 
failure and cardiac cachexia could exacerbate cancer-in-
duced cachexia. If elevation of the serum levels of BNP and 
NT-proBNP is postulated to suggest the presence of subclin-
ical functional and morphological myocardial damage, it is 
likely that RCC itself might have some influence on such 
damage. If so, the decrease of serum BNP and NT-proBNP 
after tumour resection in patients with RCC might be asso-
ciated with alleviation of stress on the heart. Since BNP and 
NT-proBNP both decreased after nephrectomy, it seems 
that upregulation of these hormones may be associated 
with cardiac defence mechanisms against the effects of 
cancer progression.

It was reported that some human small cell lung cancer 
cell lines had detectable BNP mRNA and BNP immuno-
reactivity.38 In contrast, in the preset study, expression of 
BNP using western blotting was very low in human RCC 
and normal kidney tissues. Similarly, it has been shown 
that any significant BNP production at a protein level 
was not detectable in human RCC cell lines.34 It there-
fore remains to be unanswered at this time whether 
human cancers produce BNP. Recent evidence suggests 
that cardiovascular paracrine mechanisms, such as the 
renin-angiotensin system (RAS), existing at local tissue 
sites have been implicated in tumorigenesis.39 40 Compo-
nents of the RAS are expressed in several adult organs 
including the liver, kidney, pancreas, brain and reproduc-
tive organs, and local RAS may influence tissue angiogen-
esis, cellular proliferation, apoptosis and inflammation, 
and antagonism of the RAS mostly suppresses tumour 
growth, metastasis and angiogenesis in a broad range of 
experimental models of malignancy.39 RAS is fundamental 
in the overall regulation of cardiovascular homeostasis 
through the actions of important hormones, which regu-
late vascular tone, and specifically blood pressure through 
vasoconstriction and renal sodium and water retention.41 
BNP and atrial natriuretic peptide (ANP) represent the 
most important endogenous RAS suppressing property 
by conferring cardiac, renal and vascular protection.41 
Given an endogenous counter-regulatory constraint on 
the activity of the RAS and natriuretic peptides, such as 
BNP and ANP, therefore, we should study the expression 
of the RAS components in human RCCs in the forth-
coming study in order to elucidate the roles of BNP/ANP 
and the RAS in this disease.

Limitations
The limitations of the present study included its retro-
spective design, a relatively small number of patients 
and a follow-up period that was too short to allow defi-
nite conclusions to be drawn. The present study did not 
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address the molecular mechanisms by which HIF-2 alpha 
produced in the tumour microenvironment or by which 
VEGF acts on the myocardium to influence the serum 
levels of BNP and NT-proBNP. Without such information, 
we cannot determine the clinical meaning of elevated 
BNP and NT-proBNP levels in patients with RCC. Accord-
ingly, further investigation is needed to determine where 
and how BNP and NT-proBNP are produced in response 
to RCC, increased tumour expression of HIF-2 alpha or 
elevation of serum VEGF. The results of such studies will 
be able to shed more light on the clinical meaning of 
elevated BNP and NT-proBNP levels in human cancer.

Conclusion
In conclusion, we found that the preoperative serum levels 
of BNP and NT-proBNP were not related to the expression 
of HIF-2 alpha in the primary tumour or the serum level of 
VEGF; both of these hormones might be clinically related 
to progression of RCC and a worse prognosis and showed 
a significant decrease after tumour resection, indicating 
that we should pay attention to the possibility of subclin-
ical functional and structural damage to the myocardium in 
advanced RCC and provide insight into the cardiac defence 
mechanisms against the effects of cancer progression.
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