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Abstract 
Purpose: The aim of the study is to reveal associations between NF-κB, HIF-1alpha, VEGF expres-
sions, proteasome and calpain activities with tumor progression in patients with kidney cancers 
and to find molecular parameters, associated with the effective pazopanib therapy. 93 patients 
with clear cell kidney cancers are included in investigation. 26 patients with disseminated kidney 
cancer have the pazopanib therapy. Methods: Transcription factors, VEGF, VEGFR2 and p-m-TOR 
expression are measured by ELISA kits. Proteasome and calpain activity are determined using 
specific fluorogenic substrate. Results: It is found the increase of NF-κB, HIF-1 expression in can-
cer tissues followed the hematogenic metastasis development. Coefficient NF-κB р65/р50 and 
VEGF expression are increased in cancer tissues with single metastasis and are decreased in can-
cer tissues with multiple ones. It is observed in the low proteasome activity in metastatic cancer 
tissues. The partial cancer regression is revealed in 29.6% of patients treated with pazopanib, 
cancer stabilization—in 61.5% of patients and cancer progression—in 11.5% of patients. The in-
creased level of transcription factors NF-κB, HIF-1, growth factor VEGF and high proteasome activ-
ity in cancer tissues before targeted therapy are associated with the effective treatment. It is ob-
tained the significant decrease of investigated markers after pazopanib application in metastatic 
kidney cancer patients. Conclusion: Coefficient NF-κB р65/р50, VEGF expression and proteases 
activities are the potential prognostic molecular markers of hematogenic metastasis development 
in kidney cancers. NF-κB, HIF-1 and VEGF levels can be considered as additional molecular mark-
ers predicting the effective pazopanib therapy. 
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1. Introduction 
The kidney cancer prevalence grows at present worldwide and remains the most aggressive disease among other 
cancers through its high mortality and poor overall survival. Survival is very much related to the stage of cancer 
when it is diagnosed. Almost 90 percent of kidney cancer patients are still alive after five years if the cancer is 
discovered before it spreads [1]. This fact is associated with the increase of primary incidence and also with in-
volvement of imaging tests such as an ultrasound or a CT scan that can improve the diagnosis [2]. Many kidney 
cancers are found fairly early, while they are still confined to the kidney, others are found at a more advanced 
stage. The most common of these reasons is the character of growth without causing any pain or other problems 
till the cancer becomes quite large. On the other hand, there are no recommended screening tests for kidney 
cancer in people who are at increased risk [3].  

There has been an increased understanding of the tumor biology of renal cell carcinoma (RCC). The identifi-
cation of vascular endothelial growth factor (VEGF), its related receptor and the mammalian target of rapamycin 
(m-TOR) as dysregulated signaling pathways in the development and progression of RCC has resulted in the ra-
tional development of pharmaceutical agents which are capable of specifically targeting key steps in these 
pathways. However, metastatic RCC will progress in all patients, resulting in a critical need to determine patient 
risk and optimize treatment. It is shown the proteolytic regulation of NF-κB, HIF-1alpha and VEGF expressions 
in all cells. So the understanding of the biological mechanisms of kidney cancer progression will open the new 
prognostic factors and predictive biomarkers to facilitate individualized treatment selection and predict patient 
response to therapy [3]-[5]. 

Transcription factor HIF-1 is a heterodimer of alpha and beta subunits. Βeta subunit is constitutionally ex-
pressed, whereas the activity of HIF-1 depends on alpha-subunit expression and its posttranslational modifica-
tions. Hydroxylation of proline and asparagine residues in HIF-1α results in its binding to the von Hippel-Lindau 
protein (pVHL), is followed by HIF-1 alpha polyubiquitination and degradation in the proteasome [6] [7]. Under 
hypoxic conditions HIF-1 alpha subunits heterodimerize with beta subunits. The result of HIF activation is a 
production of vascular endothelial growth factor (VEGF) that stimulates vasculogenesis and angiogenesis. It is 
known as neoplastic neoangiogenesis via the VEGF tyrosine kinase and m-TOR pathways is resultant in cancer 
cell growth and progression. 

The key transcription factor is NF-κB that controls the transcription of DNA. NF-κB is found in almost all 
animal cell types and is involved in cellular responses to stimuli such as stress, cytokines, free radicals, ultravio-
let irradiation, apoptosis and immune reaction [8]. A subfamily of NF-κB proteins includes five genes endcoding 
five main proteins: NF-κB1, NF-κB2, RelA (p65), RelB, c-Rel. The NF-κB1 and NF-κB2 proteins are synthe-
sized as large precursors, p105, and p100, which undergo processing to generate the mature NF-κB subunits, 
p50 and p52, respectively. The processing of p105 and p100 is mediated by the ubiquitin/proteasome pathway 
[9]. The proteins form the homo- and heterodimers of different structure. The active form of transcription factor 
NF-κB is the heterodimer p65/p50 [10]-[13]. The ratio of functional NF-κB subunit dimers comprised of 
p50/p50 homodimers relative to p65/p50 heterodimers can act as a molecular switch in cell processes [12]. The 
transcription factors mutually influence each other, and this fact implies the existence of a complex regulation of 
their expression and activity and a cross-talk between these factors. So far, HIF-1α level has been shown to 
change in NF-κB-dependent manner [12] [14]. 

The proteolysis is one of the mechanisms for regulation of transcription factors NF-κB and HIF-1 alpha, and 
the proteasome and calpain systems are the most possible factors to be involved. The proteasome is the multica-
talytic complex that consists of the catalytic core (20S) with one or two regulatory particles attached to it. In 
case when at least one of these particles is PA700 (19S regulatory particle), it is the 26S proteasome that per-
forms mostly ATP- and ubiquitin-dependent proteolysis of multiple cellular proteins [15] [16]. It is necessary to 
note it is observed the role of proteasome in oncogenesis of breast [17], colon [18] and so on. But in case of 
kidney cancer the investigations were performed in cell culture. The use of proteasome inhibitors in kidney can-
cer cell line leads to the development of cytostatic effect [19]-[21], which mechanism is still unknown. Besides, 
Wu W.K., et al. have found that inhibition of protein degradation by proteasome inhibitor represses m-TOR 
signaling in RCC culture [22].  

The question about proteolytic regulation of growth and transcription factors expression is still open. De-
crease in HIF-1α degradation in presence of proteasome inhibitors or under hypoxia, leads to a significant in-
crease in both VEGF and its m-RNA expression in tumor cells [23] [24]. Moreover, calpains where shown to be 
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involved in HIF-1α destruction [Zhou J., 2006]. Activation of the NF-κB is effected by proteasomes. NF-κB is 
presented in cytoplasm in complex with its own repressor IκB. The key moment of NF-κB activation belong to 
breaking the ties between the transcription factor and repressor. The i-κB inhibitor molecules are modified by a 
process called ubiquitination, which then leads them to be degraded by proteasomes [9] [10]. Currently even 
greater significance is attached to the investigation on the participation of calpains in IκB destruction [25]. The 
additional mechanism in NF-κB regulation serves the NF-κB protein forming from precursors which is mediated 
by proteasomes through the modification of р105 [26].  

At present, it is known the cancer cells growth and proliferation is associated with the HIF-1alpha and VEGF 
expression [27]. Also the prevailing literature has focused on the most common type, the clear cell RCC sub-
group. RCC is dominated by inactivating mutations in VHL, leading to constitutive activation of the hypox-
ia-inducible factors (HIFs) and resultant hypoxia response transcription signature, including changes that mar-
kedly affect cellular metabolic programs. The group of investigators has shown the increase of HIF-1alpha and 
VEGF expressions followed to tumor growth and poor outcome of patients with kidney cancer [28] [29].  

The significance of NF-κB pathway for complex and tissue-specific aspects of kidney cancer progression, 
such as metastasis, is less understood. In the absence of a functional VHL in clear cell carcinomas of kidney, the 
expression and activity of NF-κB are enhanced, which subsequently confer drug resistance [19] [30]. 

As researchers have learned more about the molecular and genetic changes in cells that cause cancer, they 
have developed newer drugs that target some of these changes. These targeted drugs are different from standard 
chemotherapy drugs. Until the development of targeted angiogenesis inhibitors, cytokine-based therapies such 
as interferon and high-dose interleukin 2 were the only systemic agents readily available despite limited clinical 
efficacy [31]. In summary, while HD IL-2 can result in a cure in metastatic RCC, given the significant toxicity 
and limited efficacy, its application is limited. So, targeted drugs are proving to be especially important in kid-
ney cancer, where chemo- and cytokine therapy have not been shown to be very effective. Currently available 
oral tyrosine kinase inhibitors approved for treatment of metastatic RCC include sorafenib, sunitinib, pazopanib, 
and axitinib [32] [33]. But the common response to targeted drugs application is not high than 50%. There is the 
fact molecular parameters changes at tyrosine kinase inhibitors therapy could determine its effectiveness [34]. 
Dornbusch J. (2013) have found expression of HIF-1α, VEGFR1 and -2 in the primary tumors of metastatic 
clear cell RCC patients might support the prediction of a good response to sunitinib treatment [35]. Rosa R., et 
al. (2013) have demonstrated that a panel of angiogenic proteins, such as HIF-1, VEGF expression, can correlate 
with the onset of resistance to sunitinib and the activity of everolimus in second line [36].  

But the same studies with pazopanib influence on molecular markers of RCC are very little. Xu C.V. has 
shown the genetic association of HIF-1α with response to pazopanib monotherapy [37]. So, search of molecular 
markers predicting the effectiveness of targeted therapy is actually for modern oncology. 

The main reason of increased lethality of these patients is the cancer cell dissemination, which may appear at 
initial stages of cancer development. At present there are no significant clinical and molecular parameters that 
could predict disease’s outcome and estimate the risk of metastasis appearance. The investigation of molecular 
mechanisms of kidney cancer metastasis development and search of additional significant prognostic factors is 
of great importance. The aim of study is to reveal associations between NF-κB, HIF-1alpha, VEGF expressions 
the proteasome and calpains activities, with tumor progression in patients with localized and disseminated kid-
ney cancers and to find among molecular parameters, including transcription factors, VEGF, VEGFR2, m-TOR 
expressions and proteasome and calpain activity, parameters associated with the efficiency of pazopanib appli-
cation in metastatic kidney cancer patients.  

2. Materials and Methods 
Patients. A homogenous group of 93 patients with RCC were enrolled complex combined treatment at Cancer 
Research Institute of Siberian Branch of Russian Academy of Medical Sciences, Tomsk, Russian Federation, 
from January 2008 to January 2014 (mean age 57.6 ± 2.2 years) and were selected for the present analysis. Lo-
calized kidney cancer (T1-3N0M0) was revealed in 50 patients. 43 patients have the disseminated form of dis-
ease (T2-4N0-1M1)—metastatic RCC. This group was divided into 2 subgroups: the first one was presented by 
17 men with single kidney cancer metastasis; the second—by 26 men with multiple metastases. All patients with 
localized kidney cancers were enrolled the surgical treatment, which depending on the stage and location of the 
cancer was partial nephrectomy or simple nephrectomy. Diagnosis verification and estimation the cancer stage 

http://en.wikipedia.org/wiki/Ubiquitination%23Ubiquitination_.28ubiquitylation.29


L. V. Spirina et al. 
 

 
759 

for 26 patients from subgroup 2 with metastatic RCC included the biopsy analysis. Their clinical characteristics 
are presented in Table 1. The complex combined treatment of these men consisted of pre-operational pazopanib 
targeted therapy in dose of 800 mg every day during the two months. At the end of therapy the response to 
treatment of patients was evaluated according the RECIST criteria and the radical nephrectomy was perfomed. 

The study was approved by the Local Committee for Medical Ethics and all patients provided written in-
formed consent. Specimens were reviewed by two pathologists separately. Investigation was performed in sam-
ples of cancer tissue. The frozen biopsy and operative cancer samples were stored at −80˚C. 

Preparing tissue homogenates. Tissue samples (100 mg) were homogenized and then resuspended in 300 μL 
of 50 mM Tris-HCl buffer (pH = 7.5) containing 2 mM ATP, 5 mM MgCl2, 1 mM dithiothreitol, 1 mM EDTA, 
and 100 mM NaCl. The homogenate was centrifuged at 10,000 × g for 60 minutes at 4˚C. 

Preparing nuclear extract for HIF-1α and NF-κB (p50 and p65) determination. The pellets left after prepar-
ing tissue homogenates were resuspended in 50 μL of 50 mM Tris-HCl buffer (pH = 7.5) containing 2 mM ATP, 
5 mM MgCl2, 1 mM dithiothreitol, 1 mM EDTA, and 100 mM NaCl and then centrifugated at 14,000 × g for 10 
minutes at 4˚C. 

VEGF, VEGFR2, HIF-1α, NF-κB (p65 and p50) and p-m-TOR determination. HIF-1α, NF-κB (p65 and p50) 
expressions were measured with Caymanchem ELISA kits (USA) in Anthos 2020 ELISA-microplate reader 
(Biochrom, UK). Nuclear extracts were prepared and purified according to manufacturer’s instructions. Protein 
concentration in homogenates and nuclear extracts was determined by Lowry. VEGF, VEGFR2 and p-m-TOR 
were measured with R@D ELISA kits (USA). Results of VEGF, VEGFR2 and p-m-TOR levels measurements 
were expressed as pg per mg protein, while HIF-1α and NF-κB (p65 and p50) levels were expressed as relative 
light units per mg protein in well. 

Proteasome fractiation. All procedures were carried out on ice or at 4˚C. Proteins from tissue homogenates 
were fractionated with stepwise concentrations of ammonium sulfate. 26S proteasome-rich fraction was isolated 
by adding ammonium sulphate to 40% final concentration, while 20S proteasome-rich fraction was isolated by 
adding ammonium sulphate to 70% concentration [38]. The fractions were assayed for the proteasome activity. 

Proteasome activity assay. Chymotrypsin-like activity of the total proteasome pool, of the 26S and the 20S 
pools was measured in cancer and non-transformed tissue homogenates, and in the proteasome fractions, using  

 
Table 1. Clinical findings of 26 patients with disseminated RCC treated by pazopanib.                                 

parameters 
patients 

n % 

Sex: 
male 

female 

 
16 
10 

 
61.5 
38.5 

Mean age 
(min-max), years 

56 ± 2.5 
(48 - 73)  

T stage: 
Т1 
Т2 
Т3 
Т4 

 
6 
10 
5 
5 

 
23.1 
38.5 
19.2 
19.2 

N stage: 
N0 
N1 

 
19 
7 

 
73.1 
26.9 

Metastasis: 
lung 
bone 
liver 

contlateral adrenal 
other organs 

 
20 
11 
2 
1 
2 

 
76.9 
42.3 
7.6 
3.8 
7.6 

MSKCC prognosis: 
good 

intermediate 
poor 

 
10 
14 
2 

 
38.5 
53.4 
7.8 
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the fluorogenic substrate N-Succinyl-Leu-Leu-Val-Tyr-7-Amido-4-Methylcoumarin (Suc-LLVY-AMC) in a 
Hitachi-850 (Japan) fluorimeter at an excitation wavelength of 380 nm and an emission of 440 nm. This sub-
strate is preferentially hydrolyzed by the chymotrypsin-like peptidase activity of the 20S proteasome [39]. The 
20S proteasome activity solution contained 20 mM Tris-HCl (pH = 7.5), 1 mM dithiothreitol, and 30 μM 
Suc-LLVY-AMC. The 26S proteasome activity solution additionally contained 5 mM MgCl2 and 1 mM ATP. 
The reaction was carried out for 20 minutes at 37˚C and then was stopped by the addition of 1% sodium dodecyl 
sulfate. We used the proteasome inhibitor MG-132 to estimate the influence of other proteases. The unit of ac-
tivity per mg protein was calculated. Protein concentration was determined by Lowry. 

Calpains activity assay. The calpains activity was performed in tissue homogenates using the fluorogenic 
substrate N-Succinyl-Leu-Leu-Val-Tyr-7-Amido-4-Methylcoumarin (Suc-LLVY-AMC) in a Hitachi-850 (Japan) 
fluorimeter at an excitation wavelength of 380 nm and an emission of 440 nm [40].  

The calpains activity solution contained 100 mМ Tris-HCl (pH = 7.3), 145 mМ NaCl and 30 μM Suc-LLVY- 
AMC. Incubations were performed at room temperature for 30 minutes in absence or presence of 10 mМ CaCl2 
and 0.1 mM N-Acetyl-L-leucyl-L-leucyl-L-norleucinal (calpain inhibitor I). The reaction was stopped by the 
addition of 1% sodium dodecyl sulfate. Calpains activity was measured as fluorogenic units per mg protein. 
Protein concentration was determined by Lowry. 

Statistical analysis. Statistical analysis was performed using Statistica 8.0 Software. Normally distributed data 
are expressed as mean ± s.e.d, otherwise data are expressed as median (interquartile ranges). To evaluate the 
difference, either the Student t test or the Mann-Whitney test was applied. Correlation analysis on data was car-
ried out with Spearman Rank Correlation test. Multivariate discriminate analysis was performed during the in-
vestigation. The level of significance was set at P < 0.05.  

3. Results and Discussion 
NF-κB, HIF-1alpha, VEGF expressions in RCC. The results of NF-κB, HIF-1alpha, VEGF expressions the pro-
teasome and calpains activities in localized and disseminated kidney cancer tissues are presented in Table 2. 
The level of NF-κB p65 is higher in tumors with hematogenic metastases in comparison to the localized form of 
disease. The changes of NF-κB p50 content are not revealed. The ratio of NF-κB p65 relative to NF-κB p50 less 
then 1.0 is the sign of nonactive dimmers of NFκB (Conner J.R. 2010). Coefficient NF-κB p65/p50 has the com- 
plex wave-like dynamic: it is high in cancers of patients with single metastasis (3.0 (1.6 - 3.0)) and is decreased 
in tumors of patients with multiple metastases (0.92 (0.83 - 1.07)), reaching the level of patients with localized 
disease (0.6 (0.3 - 2.0). According to the obtained results we suppose that coefficient NF-κB p65/p50 may by 
concerned as kidney cancer progression criteria.  

At next step of research we have studied the changes of HIF-1 and VEGF expressions in tumors with loca-
lized and metastatic kidney cancers. Content of HIF-1 is increased in cancers of patients with single and mul-
tiple metastases. Probably, increased HIF-1 expression is stimulated the VEGF production at initial stage of on- 

 
Table 2. NF-κB p65, NF-κB p50, HIF-1α and VEGF expressions in RCC tissues.                                     

Groups 
NF-κB p65  

expression, RLU  
per protein in well 

NF-κB p50  
expression, RLU  

per protein in well 

Coefficient  
NF-κB p65/p50 

HIF-1 expression,  
RLU per  

protein in well 

VEGF expression,  
pg/per mg  
of protein 

Localized  
kidney cancer Т1-3N0M0 

5.0 
(2.0 - 7.9) 

6.4 
(3.3 - 10.0) 

0.6 
(0.3 - 2.0) 

4.2 
(2.2 - 7.8) 

71.5 
(38.3 - 139.7) 

Disseminated  
kidney cancer 

Т2-4N0-1M1  
(subgroup 1,  
with single  
metastasis) 

11.3 
(6,8 - 15,7)* 

6.2 
(4.4 - 9.7) 

3.0 
(1.6 - 3.0)* 

7.9 
(6.2 - 8.5)* 

205.4  
(131.7 - 261.5)* 

Т2-4N0-1M1  
(subgroup 2,  
with multiple 
metastases) 

11.5  
(6.7 - 32.5)* 

10.6  
(6.3 - 37.7) 

0.92  
(0.83 - 1.07)** 

18.7  
(4.2 - 19.4)*** 

26.8  
(11.0 - 99.2)*** 

Note: The results represent the Me (Q1 - Q3); *in comparison with Т1-3N0M0 group, p < 0.05; **in comparison with Т2-4N1M1 (disseminated kidney 
cancer: subgroup 1, with single metastasis); group, p < 0.05; 
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cogenesis already. We have found the VEGF over expression in 2.87 fold in patients with single metastasis in 
comparison to the tumors of patients without it. Additionally the multiple metastasis development is associated 
with the decrease of VEGF content. The results indicate that tumor tissue of kidney cancer liberates VEGF into 
the systemic blood flow [41]. It is important to note that similar VEGF expression and NF-κB p65/ p50 changes 
are associated with the metastasis development. 

Proteasome and calpain activity in RCC. During the analysis of proteasome and calpain activities we have 
shown the decrease of proteasome activity in cancers of patients with disseminated disease in 1.33 and 1.36 fold, 
consequently, in comparison to the localized cancer ones (Table 3). The changes of calpain activity have the 
wave-like dependent on cancer progression. Thus, the increased calpain activity is found at the initial stage of 
cancer metastasis development. The further disease progression is combined with fall of calpain activity in can-
cer tissues of metastatic RCC patients (in subgroup 1 in 4.4 fold and in subgroup 2—in 5.88 fold in comparison 
to the localized kidney cancers). According to the similar one-way changes of VEGF expression and calpain ac-
tivity, we suppose the role of these enzymes in VEGF level regulation. At present it is known the role of calpain 
in cell protein degradation, which is wide presented in absence of proteasome or in case of its decreased activity 
[26]. Besides, calpains take part in activation of cancer cell locomotion [42]. Perhaps, this fact may be explained 
with its role in hematogenic metastasis development of kidney cancer patients. 

The study of transcription and growth factors expressions and estimation their regulating proteolysis in kidney 
cancer tissues of patients with localized and disseminated forms of disease allow us to confess their role in on-
cogenesis. The expressed contents of NF-κB, HIF-1 and VEGF are found at initial stages of metastasis devel-
opment. At the same time we have revealed the growth of calpain activity and decreased proteasome activity. At 
next stages of oncogenesis it is obtained the decrease of NF-κB active forms, VEGF expression and fall of cal-
pain activity. Association of transcription and growth factors expressions with cellular proteases activities and 
cancer spreading is the basis for new molecular prognostic factors search. The next aim of our research is to find 
molecular markers, associated with the targeted therapy efficiency and response. We have widen the panel of 
molecular parameters and included in it p-m-TOR expression—the key serin/threonin protease and VEGFR2 
content. 

The main goal of our research was to find molecular markers associated with the efficiency of pazopanib tar-
geted therapy in metastatic kidney cancer patients. We have included in this panel the expression of transcription 
factors NF-κB p65, NF-κB p50, HIF-1, growth factor VEGF, VEGFR2 and protease p-m-TOR and estimate 
their levels before and after the targeted therapy. 

Association of transcription factors, VEGF, VEGFR2 and p-m-TOR expressions with response to pazopanib 
therapy of metastatic RCC patients. The partial kidney cancer regression is revealed in 29.6% of patients treated 
by pazopanib, cancer stabilization—in 61.5% of patients and cancer progression—in 11.5% of patients (Table 
4). According to clinical response to pazopanib application two groups of metastatic RCC patients are perfomed. 
The first one is consisted of patients with partial cancer regression or stabilization, the second one—patients 
with cancer progression. 

It is revealed the high levels of NF-κB p65, NF-κB p50, HIF-1 and VEGF in cancers of patients with response 
to pazopanib therapy (group 1—patients with partial regression and cancer stabilization) in comparison to the 
patients with cancer progression (group 2) (Table 5). After pazopanib therapy it is obtained the decrease of 
NF-κB p50, HIF-1 and VEGF expressions in 2.9; 4.5 and 4.1 fold, consequently, in comparison to the same  

 
Table 3. Proteasome and calpain activities in kidney cancer tissues.                                                    

Groups Proteasome activity,  
1000 МЕ/per mg protein 

Calpains activity,  
1000 МЕ/per mg protein 

Localized kidney  
cancer Т1-3N0M0 36.1 (20.0 - 102.0) 33.5 (16.8 - 33.5) 

Disseminated  
kidney cancer 

Т2-4N0-1M1  
(subgroup 1, with single metastasis) 27.0 (5.5 - 43.1)* 44.7 (18.6 - 54.3)* 

Т2-4N0-1M1  
(subgroup 2, with multiple metastases) 26.4 (4.1 - 50.0)* 7.6 (4.1 - 22.2)*** 

Note: The results represent the Me (Q1 - Q3); *in comparison with Т1-3N0M0 group, p < 0.05; **in comparison with Т2-4N1M1 (disseminated kidney 
cancer: subgroup 1, with single metastasis); group, p < 0.05. 
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Table 4. Effectiveness of pazopanib treatment of RCC patients according RECIST criteria.                                   

Cancer response 
Patients 

n % 

Full regression 0 0 

Partial regression 7 26.9 

Cancer stabilization 16 61.65 

Cancer progression 3 11.45 

 
Table 5. NF-κB p65, NF-κB p50, HIF-1α, VEGF, VEGFR2 and p-m-TOR expressions in RCC patients treated with pazopanib 
(group 1—partial regression and stabilization, group 2—cancer progression).                                                  

 

NF-κB p65  
expression,  

RLU per protein  
in well 

NF-κB p50  
expression,  

RLU per protein 
 in well 

HIF-1 expression, RLU 
per  

protein in well 

p-m-TOR  
expression,  
pg/per mg  
of protein 

VEGF expression,  
pg/per mg  
of protein 

VEGFR2 
expression, pg/per  

mg of protein 

Group Before  
therapy 

After  
therapy 

Before  
therapy 

After  
therapy 

Before 
therapy 

After  
therapy 

Before 
therapy After therapy Before 

therapy 
After  

therapy 
Before  
therapy 

After  
therapy 

1 10.8  
(7.3 - 15.4) 

10.85  
(7.3 - 15.37) 

14.0  
(6.34 - 20.6) 

4.8  
(3.77 - 
9.26)# 

6.55 
(5.55 - 9.91) 

1.45 
(0.54 - 2.8)# 

14.0  
(0.0 - 15.7) 

4.15  
(1.74 - 14.8)# 

38.2 
(11.0 - 52.5) 

9.2  
(7.7 - 13.1)# 

43.3  
(23.5 - 50.0) 

32.2  
(19.0 - 108.6) 

2 3.9 
(3.44 - 4.43)* 

3.93  
(3.4 - 4.43) 

4.8  
(4.5 - 5.12)* 

2.9  
(2.18 - 3.8) 

3.5 
(2.5 - 4.67)* 

0.56 
(0.13 - 1.0) 

11.6  
(11.1 - 12.2) 

6.37  
(2.89 - 9.85) 

9.8  
(8.6 - 11.1)* 

10.6  
(8.8 - 12.4) 

53,9  
(33.5 - 74.2) 

24.0  
(19.1 - 28.9) 

Note: The results represent the Me (Q1 - Q3); *in comparison with group 1, p < 0.05; #in comparison with group of patients before preoperative pazopanib 
therapy, p < 0.05. 
 

markers before treatment. It is noted the VEGFR2 content is the same in all groups of patients and not change 
during the targeted therapy. 

The influence of pazopanib targeted therapy on p-m-TOR expression is found in cancers of patients with re-
sponse to it (group 1). The level of protein is decreased in 3.37 fold during the treatment.  

The received data confirm the connection between the response to pazopanib therapy and cancer molecular 
markers and allow us to suppose them as additional criteria, predicting the efficiency of targeted therapy. 

Association of proteasome and calpain activities with response to pazopanib therapy of metastatic RCC pa-
tients. The changes of proteasome and calpain activities are found in metastatic RCC undergoing the pazopanib 
therapy (Figure 1). During the targeted therapy it is revealed the decrease of proteasome activity and growth of 
calpain activity in 1.66 and 12.6 fold in cancers of patients with partial regression and stabilization. Pazopanib 
inefficiency is correlated with the increase of protease activity in tumor of patients with cancer progression after 
targeted therapy. Probably, the effective pazopanib application has been associated with the low level of protea-
some substrates in kidney cancers. We have found development of drugs inefficiency leads to cellular proteoly-
sis activation.  

4. Conclusion 
So, it is revealed that the effective pazopanib application in metastatic kidney cancer patients is associated with 
the high levels of transcription factors NF-κB, HIF-1 and growth factor VEGF, increased proteasome activity 
before targeted therapy. The significant decrease of studied parameters has been found in tumors after the treat-
ment. This fact allows us to consider these molecular markers as predicting criteria of targeted therapy efficien-
cy. The results of investigation will be able to optimize the therapy of metastatic kidney cancer patients and will 
improve treatment outcome. 
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Figure 1. Proteasome and calpain activities in RCC patients with response to pazopanib therapy (group 1) (a) and cancer 
progression (group 2) (b). Note: *in comparison with group 1, p < 0.05; #in comparison with group of patients before pre- 
operative pazopanib therapy, p < 0.05. During the targeted therapy it was revealed the decrease of proteasome activity and 
growth of calpain activity in 1.66 and 12.6 fold in cancers tissues of patients with partial regression and stabilization (group 
1). Pazopanib inefficiency was correlated with the increase of protease activity in tumor of patients with cancer progression 
after targeted therapy.                                                                                      
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