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Aim. To isolate and characterize extracellular vesicles (EVs) produced by mouse renal carci-
noma Renca cells with different expression levels of the adaptor protein Ruk/CIN85 under 
normoxia and hypoxia conditions. Methods. The density gradient centrifugation was used to 
isolate EVs from the conditioned medium of Renca cells cultured under normoxia and hy-
poxia conditions. Further characterization of EVs was performed by using nanoparticle track-
ing analysis (NTA), electron microscopy and Western Blot analysis. Results. Significant dif-
ferences in average particle size between EVs produced by sublines studied under experimen-
tal conditions were not found. At the same time, concentration of particles produced by Ruk/
CIN85 overexpressing cells turned out to be an order of magnitude higher in hypoxia in 
comparison to normoxia conditions. It was shown that under normoxia conditions the content 
of both Ruk/CIN85 and EVs’ markers Alix and CD81 was increased in vesicles produced by 
Renca cells with Ruk/CIN85 overexpression in comparison with those from control mock-
transfected cells. Under hypoxia conditions, the content of studied proteins decreased by more 
than two orders of magnitude in EVs secreted by Renca cells with up-regulation of adaptor 
protein whereas the content of Ruk/CIN85 and CD81 increased in EVs from mock-transfec ted 
cells. Conclusions. It has been demonstrated that the adaptor protein Ruk/CIN85 is a novel 
component of EVs produced by tumor cells that may play a role in the control of EV compo-
sition under normoxia and hypoxia. 
K e y w o r d s: renal cell carcinoma, extracellular vesicles, exosomes, adaptor protein Ruk/
CIN85, normoxia, hypoxia.
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One of the leading roles in intercellular com-
munication is played by the transmission of 
signalling molecules through extracellular 
vesicles (EVs), formed by membrane exocy-
tosis (microvesicles) or endocytosis with fur-
ther release from multivesicular bodies 
(MVBs) (exosomes). Extracellular vesicle is 
a collective definition that covers different 
cell-released spherical structures covered with 
a membrane bilayer and enriched in number 
of biomolecules, including DNA, multiple 
types of RNA, various proteins and chemical 
metabolites [1]. Found in all body fluids 
(blood, urine, saliva, sweat, faeces etc.) [2–4], 
EVs are the source of information about a large 
number of processes and disorders at the cel-
lular level. Currently, the attempts are made to 
use EVs for the detection and treatment of 
tumours [5], as well as a means of active spe-
cialized immunotherapy [6]. Due to a number 
of specific properties, EVs are considered the 
best substitute for artificial liposomes used in 
cancer treatment [7]. On the other hand, a cor-
relation was found between the intensity of 
EVs production, their cargo composition and 
the metastatic potential of tumour cells [8]. 
Recently we have demonstrated the notable 
changes in the EVs production level and EVs 
cargo content in Renca cells under different 
conditions of culturing (hypoxia versus nor-
moxia) [9, 10]. Such EVs can be a potentially 
useful tool for monitoring stimuli-induced 
changes. The ability of EVs to suppress im-
munity, enhance tumour growth, and the de-
velopment of resistance to antitumor drugs 
have been shown [11]. Renal cell carcinoma 
(RCC) is the most common malignancy of 
adult kidney characterized by the resistance to 
traditional radiotherapy and chemotherapy as 

well as a markedly high incidence of metasta-
sis. In recent years, great progress was achieved 
in the diagnosis and treatment of RCC, espe-
cially by the introduction of novel agents that 
target vascular endothelial growth factor 
(VEGF) and the mammalian target of rapamy-
cin [12]. Essential components of signaling 
networks are adaptor/scaffold proteins. They 
not only assemble the multimolecular com-
plexes but also direct and coordinate intracel-
lular signaling in order to fine-tune cellular 
behavior [13]. There are data that proteins Alix 
[14] and Tsg101 [15] involved in the formation 
of MVBs and currently recognized as marker 
proteins of sEVs, as well as cortactin [16, 17], 
which stimulates the secretion of sEVs, are the 
binding partners of SH3-containing adaptor 
protein Ruk/CIN85. Additionally, we have 
shown previously that up-regulation of Ruk/
CIN85 in the low invasive human breast ad-
enocarcinoma MCF-7 cells is followed by their 
malignization [18]. Taking into account these 
data, in the current study we elucidated the 
features of biogenesis of EVs produced by 
mouse renal carcinoma Renca cells with dif-
ferent expression levels of Ruk/CIN85 under 
normoxia and hypoxia conditions as well as 
their marker proteins composition.

Materials and Methods
Cell culture and transfection. Mouse renal cell 
adenocarcinoma (RCC)-derived Renca cells 
(ATCC® CRL-2947™) were cultured in 
DMEM medium (Gibco, 10567014) supple-
mented with 10 % fetal bovine serum (FBS) 
(Gibco, 26140079), 100 µg/ml streptomycin, 
100 U/ml penicillin in a humidified atmosphere 
containing 5 % CO2 at 37 °C. 1 × 106 cells per 
10 cm dish (Greiner Cellstar, 664160) were 
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plated for the experiments. To obtain the sub-
lines with stable overexpression of full-length 
Ruk/CIN85 form, the RCC cells were trans-
fected with the pRc/CMV2-Rukl vector using 
calcium phosphate precipitation (with corre-
sponding RCC Mock subline). Transfected cells 
were selected in the presence of antibiotic ge-
neticin sulphate G418 (1 mg/ml) followed by 
subcloning. The selection of stable transfectants 
and their subcloning were carried out for two 
months.

EVs purification. Cultured RCC cells were 
kept under normoxia (21 % oxygen) until 80 % 
of confluence in standard medium and 10 cm 
culture dishes. Then the medium was changed 
for the medium without FBS and kept for 
24 hours under normoxia (21 % oxygen) or 
hypoxia (1 % oxygen) conditions followed by 
medium collection. To remove debris, the col-
lected medium was centrifuged at 5000 g for 
10 min. Debris free medium was concentrated 
by using Centricon Plus-70 filter units (Merck 
Millipore) for 15 minutes at 2500 g. The EVs 
were purified from a concentrated medium 
(Normoxia/Hypoxia) via an Optiprep™-based 
density gradient centrifugation procedure as 
described in [8]. After centrifugation, the pellet 
was resuspended in 300 μl of PBS (Corning™ 
21040CM). Each fraction was analyzed via 
electron microscopy and nanoparticle tracking 
analysis (NTA). The fractions with the highest 
EVs content were used for the experiments.

NTA measurements. The EVs size ratio and 
particles concentration were measured via 
nanoparticle tracking analysis (NanoSight 
NM300, Malvern Panalytical). Before mea-
surements, the samples were diluted 1:1000 in 
distilled water. Brownian motion of each sam-
ple was recorded four times (60-sec videos) 

with camera level 14 and detection threshold 3. 
NTA software version 3.4 was used for data 
analysis.

Electron microscopy. All samples were 
analysed via transmission electron microscopy. 
Each EVs sample was located on a Formvar 
carbonated grid and stained with 2 % uranyl 
acetate. 

Western blot analysis. The cell lysates were 
prepared by adding 3 ml of RIPA buffer solu-
tion (Sigma-Aldrich R0278) with the protein-
ase (Sigma P5726) and phosphatase (Roche 
50892791001) inhibitors per one dish. After 
cell scratching, lysates were incubated for 
30 min on a shacking platform at +4 °C fol-
lowed by centrifugation at 12000 g. EVs sam-
ples were lyzed in RIPA buffer (Cell Signaling 
Technology) with phosphatase inhibitors 
(Sigma-Aldrich) and protease inhibitors (cOm-
plete™ ULTRA Roche). Proteins (10 μg per 
sample) were separated via 10 % SDS PAGE 
gel and transferred to the nitrocellulose mem-
brane (Thermo Scientific™ 88018). The mem-
branes were incubated overnight at 4 °C with 
anti-Ruk/CIN85 C-terminal antibodies 
(1:3000) [16], and antibodies against EVs 
markers CD81 (sc-166029, 1:1000) and ALIX 
(ab117600, 1:1000). Anti-alpha Tubulin 
(ab7291, 1:5000) antibodies were used as a 
loading control for cell lysates. The corre-
sponding secondary IgG antibodies (Invitrogen) 
at 1:5000 dilutions were applied. For the visu-
alization of bound secondary antibodies, the 
Lumi-Light Western Blotting Substrate (Roche 
Diagnostics, Switzerland) was used. Densi to-
metric analysis was performed using the Gel-
Pro analyzer software (Media Cybernetics, 
http://gel-pro-analyzer.software.informer.
com/3.1/).
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Results and Discussion
As demonstrated in the publication of 
Tossidou et al. [18], SH3-containing adaptor 
protein Ruk/CIN85 is a binding partner of 
nephrin and podocin that mediates slit dia-
phragm turnover in podocytes and proteinuria. 
High levels of Ruk/CIN85 expression were 
demonstrated in human tumors of different 
tissue origins that were correlated with the 
degree of their malignancy and advanced tu-

mor stage [19–24]. To date, no similar infor-
mation is available regarding renal carcino-
genesis. In order to estimate the potential role 
of Ruk/CIN85 in renal cancer as well as in the 
control of EVs production and their protein 
composition, we generated stable subclones of 
mouse renal carcinoma Renca cells overex-
pressing adaptor protein and corresponding 
control Mock cells. According to the results of 
morphology and Western blot analysis, a stable 

A

B

Fig. 1. The content of Ruk/CIN85 and the marker of EVs, Alix protein, in Mock and RukUp Renca cells decreased 
under hypoxic conditions. A. Microscopic images of Renca Mock cells (1) and Renca RukUp subclone (2). B. Western 
blot analysis of Ruk/CIN85 and Alix proteins: 1, 2 — Renca Mock; 3, 4 — Renca RukUp; 1, 3 — content of Ruk/
CIN85 and Alix in Renca cells under normoxia conditions; 2, 4 — content of Ruk/CIN85 and Alix in Renca cells 
under hypoxia.
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subclone of Renca RukUp cells was selected 
for further analysis (Fig.1 A, B). According to 
the data obtained, Mock cells revealed cobble-
stone-like phenotype exhibiting tight cell-cell 
contacts characteristic of epithelial cells 
whereas RukUp cells acquired mesenchymal 
phenotype represented by elongated cells with 
extensions of various lengths (Fig. 1 A). As 
can be seen from Fig. 1 B, the full-length 
85 kDa form of Ruk/CIN85 is detected as se-

veral bands, which may be a result of post-
translational modification of this protein [19]. 
It was found that in both Mock and RukUp 
cells the content of Ruk/CIN85 decreases to 
different levels under hypoxic conditions, most 
significantly in overexpressing cells. Similar 
patterns of changes were demonstrated for the 
EVs marker protein, Alix. Noteworthy, the 
overexpression of Ruk/CIN85 in Renca cells 
is also accompanied by an increase in the 

Fig. 2. The size distribution of nanoparticles in preparations of EVs isolated from Renca cells supernatants via Nano-
Sight measurements.



330

A. Yu. Zhyvolozhnyi, I. R. Horak, T. D. Skaterna et al.

level of Alix expression, which is a character-
istic feature of advanced tumors [25].

Both Ruk/CIN85 and the mammalian adap-
tor protein Alix [ALG-2 (apoptosis-linked 
gene-2 product)-interacting protein X] are in-
volved in biogenesis of MVBs [26, 27]. Alix 
has at the C-termini PRD (proline-rich motif), 
which mediates the interactions through SH3 
domains in partner proteins, including with 
Ruk/CIN85 [14]. The important finding is that 
Alix not only packages cargo to enter vesicles, 

but also triggers vesicle formation [27]. Thus, 
it is likely that Ruk/CIN85 adaptor protein may 
also be a biologically relevant component of 
vesicles produced by Renca cells.

The number and size of nanoparticles in the 
selected preparations of EVs produced by 
Mock and RukUp Renca cells were analysed 
using NanoSight measurements. According to 
the results, we did not find statistically sig-
nificant differences in the average size of par-
ticles in the isolated samples of EVs. At the 

Fig. 3. Typical electron microscopic images of EVs isolated from the Renca cells supernatants under conditions of 
normoxia and hypoxia.
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same time, the concentration of EVs produced 
by Renca control cells increased by approxi-
mately 40 % under hypoxia compared to nor-
moxia.

In contrast, the concentration of EVs iso-
lated from supernatants of Renca cells with 
Ruk/CIN85 overexpression under hypoxia in-
creased by an order of magnitude compared to 
both normoxia and control cells. The size ratio 
graphs of the data obtained with the NanoSight 
device are presented in Fig. 2, and typical 
electron microscopic photographs of EVs — 
in Fig. 3. 

The information on the particles concentra-
tion (considering the dilution factor) and aver-
age size obtained with NanoSight instrument 
is presented in Table.

At the next stage, we examined the content 
of Ruk/CIN85 and EVs markers, Alix and 
CD81 proteins, in EVs preparations isolated 
from the conditioned medium of Renca Mock 
and RukUp cells under normoxia and hypoxia 
conditions. As can be seen from Fig. 4, the 
content of both Ruk/CIN85 and EVs markers 
Alix and CD81 significantly increased in EVs 
produced by Renca cells with Ruk/CIN85 
overexpression under normoxia conditions and 
decreased under hypoxia conditions. 
Interestingly, in control cells, the content of 
Ruk/CIN85 and CD81 increased under hy-
poxia conditions, whereas Alix – decreased. 
These observations may indicate the involve-
ment of Ruk/CIN85 in differential control of 
the EVs marker proteins composition under 
hypoxia depending on its expression level in 
cancer cells. It is also noteworthy that the 
vesicles accumulate a form of Alix protein, 
which moves more slowly in SDS-PAAG com-
pared to the main 96 kDa form and presumably 
represents a form modified by phosphoryla-
tion [28].

Conclusions 
It was demonstrated that the adaptor protein 
Ruk/CIN85 is a newly identified component 
of EVs produced by tumor cells. Additionally, 
the potential role of Ruk/CIN85 in the control 
of EVs protein composition under conditions 
of normoxia and hypoxia was established.

Fig. 4. The content of Ruk/CIN85 and markers of EVs, 
Alix and CD81 proteins, in EVs preparations isolated 
from the conditioned medium of Renca Mock (1, 2) and 
RukUp (3, 4) cells under conditions of normoxia (1, 3) 
and hypoxia (2, 4).

Concentration Average particle size

Renca Mock N 1.86*1011/ml +/- 4.75*1010particles/ml 137.9 nm
Renca Mock H 3.13*1011/ml +/- 4.84*1010particles/ml 130.2 nm
Renca Ruk N 1.16*1011/ml +/- 4.88*1010particles/ml 132.0 nm
Renca Ruk H 1.42*1012/ml +/- 2.62*1011particles/ml 144.4 nm
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Склад маркерів EVs за умов нормоксії 
й гіпоксії залежить від рівня експресії 
адаптерного протеїну Ruk/CIN85 у клітинах 
Renca карциноми нирки миші

А. Ю. Живоложний, І. Р. Горак, Т. Д. Скатерна, 
О. В. Худякова, С. Й. Вайніо, A. A. Самойленко, 
Л. Б. Дробот

Мета. Виділити і охарактеризувати позаклітинні ве-
зикули (EVs), що продукуються клітинами карциноми 
нирки миші лінії Renca з різним рівнем експресії адап-
терного протеїну Ruk/CIN85 за умов нормоксії й гі-
поксії. Методи. Центрифугування в градієнті щільнос-
ті використовували для виділення EVs з кондиціоно-
ваного середовища клітин Renca, культивованих за 
умов нормоксії й гіпоксії. Подальшу характеристику 
EVs проводили з використанням лазерно-кореляцій-
ного аналізу (NTA), електронної мікроскопії та 
Вестерн-блотингу. Результати. Істотних відмінностей 
у середньому розмірі EVs, утворених сублініями клі-
тин, виявлено не було. У той же час концентрація 
частинок, що продукуються клітинами з надекспре сією 
Ruk/CIN85, виявилася на порядок вищою за умов гі-
поксії в порівнянні з умовами нормоксії. Було показа-
но, що за умов нормоксії вміст як Ruk/CIN85, так і 
маркерів EVs (протеїнів Alix і CD81) значно збільшу-
вався у везикулах, що продукуються клітинами Renca 
з надекспресією Ruk/CIN85, в порівнянні з контроль-
ними клітинами. За умов гіпоксії вміст досліджуваних 
протеїнів знизився більш ніж на два порядки в EVs, 
що секретуються клітинами Renca з надекспресією 
адаптерного протеїну, в той час як вміст Ruk/CIN85 і 
CD81 збільшувався, а вміст Alix знижувався в EVs 
контрольних клітин. Висновки. Було продемонстро-
вано, що адаптерний протеїн Ruk/CIN85 є новим ком-
понентом EVs, що продукуються пухлинними кліти-
нами, який відіграє диференційну роль в контролі 
складу EVs за умов нормоксії й гіпоксії.
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К л юч ов і  с л ов а: нирково-клітинний рак, поза-
клітинні везикули, екзосоми, адаптерний протеїн Ruk/
CIN85, нормоксія, гіпоксія.

Состав маркеров EVs в условиях нормоксии 
и гипоксии зависит от уровня экспрессии 
адаптерного протеина Ruk/CIN85 в клетках 
Renca карциномы почки мыши

А. Ю. Живоложный, И. Р. Горак, Т. Д. Скатерная, 
О. В. Худякова, С. Й. Вайнио, A. A. Самойленко, 
Л. Б. Дробот

Цель. Выделить и охарактеризовать внеклеточные ве-
зикулы (EVs), продуцируемые клетками почечной кар-
циномы мыши линии Renca с разным уровнем экспрес-
сии адаптерного протеина Ruk/CIN85 в условиях нор-
моксии и гипоксии. Методы. Центри фуги ро вание в 
градиенте плотности использовали для выделения EVs 
из кондиционированной среды клеток Renca, культиви-
рованных в условиях нормоксии и гипоксии. 
Дальнейшую характеристику EVs проводили с исполь-
зованием лазерно-корреляционного анализа (NTA), 
электронной микроскопии и Вестерн-блоттинга. 
Результаты. Существенных различий в среднем раз-
мере EVs, продуцируемых сублиниями клеток, обнару-

жено не было. В то же время, концентрация частиц, 
секретируемых клетками со сверхэкспрессией Ruk/
CIN85, оказалась на порядок выше при гипоксии по 
сравнению с условиями нормоксии. Было показано, что 
в условиях нормоксии содержание как Ruk/CIN85, так 
и маркеров EVs (протеинов Alix и CD81) значительно 
увеличивалось в везикулах, продуцируемых клетками 
Renca со сверхэкспрессией Ruk/CIN85, по сравнению 
с контрольными клетками. В условиях гипоксии содер-
жание исследуемых протеинов снизилось более чем на 
два порядка в EVs, секретируемых клетками Renca, со 
сверхэкспрессией адаптерного протеина, в то время как 
содержание Ruk/CIN85 и CD81 увеличилось, а содер-
жание Alix снизилось в EVs из контрольных клеток. 
Выводы. Было продемонстрировано, что адаптерный 
протеин Ruk/CIN85 является новым компонентом EVs, 
продуцируемых опухолевыми клетками, который игра-
ет дифференциальную роль в контроле состава EVs 
в условиях нормоксии и гипоксии.

К л юч е в ы е  с л ов а: почечно-клеточный рак, вне-
клеточные везикулы, экзосомы, адаптерный протеин 
Ruk/CIN85, нормоксия, гипоксия.
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