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The protein composition of human urine reflects changes in the biochemical and physiological status 
of an individual and has an essential diagnostic value. Using precipitation/extraction methods we isolated a 
protein with Mr ~100 kDa in a human urine. MALDI TOF/TOF mass spectrometry identified this protein as 
human Src protein kinase substrate cortactin (UniProtKB/Swiss-Prot: Q14247). Screening of urine samples 
using Western blotting with specific anti-human cortactin antibodies revealed different proteins immunologi-
cally related to cortactin in healthy humans and patients with liver cirrhosis and lung cancer diseases.  These 
data  suggest that the level of cortacins isoform in urine might serve as a potential marker for testing acute 
and systemic diseases. 
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Non-invasive ways of monitoring are ena-
bled by introduction of numerous clinically 
useful diagnostic tests in response to treat-

ment [1]. Human urine contains different proteins 
whose evaluation might have both diagnostic and 
prognostic value [1, 2]. Consequently, detection of 
novel urinary proteins could be beneficial to iden-
tify new markers of various acute and systemic 
diseases. Earlier, using TCA-acetone precipitation/
extracted procedure in combination with MALDI 
TOF/TOF and western blotting, we identified 46-48 
kDa (“short”) form of the unconventional myosin 
lc (sMyo1C) whose elevated level in human blood 
serum was associated with some autoimmune and 
hemato-oncological diseases [3, 4]. Using this ap-
proach, we attempted to identify novel urine proteins 
possessing diagnostic value. Here, we report about 

identification in human urine of different proteins 
which immunologically are related to cytoskeleton 
protein cortactin. This protein is located in the cy-
toplasm of all cell types and can be activated by the 
external stimuli that lead to polymerization and re-
arrangement of actin cytoskeleton [5]. Cortactin is 
important for promoting  lamellipodia  formation,  
invadopodia formation, cell migration. and endocy-
tosis [5-7]. Many studies have documented a role for 
this protein in promoting cell motility and invasion, 
including a critical role in invadopodia, actin rich-
subcellular protrusions associated with degrada-
tion of the extracellular matrix [7, 8]. The obtained 
data demonstrate that the level of different cortactin 
molecular forms in human urine might serve as a 
potential diagnostic and prognostic marker of liver 
cirrhosis and lung cancer.

doi: https://doi.org/10.15407/ubj93.04.103
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Materials and Methods

Ethical approval. All procedures that involve 
human participants were performed in accordance 
with the ethical standards of the institutional and 
national research committee and with the 1964 Hel-
sinki declaration and its later amendments or com-
parable ethical standards.

Human urine samples. Urine samples were ob-
tained from patients with 12 liver cirrhosis, 12 lung 
cancer patients and 10 healthy volunteers 25-55 years 
old without diagnosed chronic diseases. The sam-
ples were collected under the approval of the Bio-
Ethics Review Board of the Danylo Halytsky Lviv 
National Medical University in accordance with the 
regulations of the Ministry of Health of Ukraine. A 
documented consent was obtained from all patients 
included in the study, and the form of the informed 
consent was approved by the Bio-Ethics Review 
Board of the Danylo Halytsky Lviv National Medi-
cal University  (Protocol No. 2 dated by February 
15, 2016). 

Preparation of urine protein samples. The 
samples for MALDI TOF mass spectrometry were 
prepared according to following protocol: to 2 ml 
of fresh urine was added 100% TCA to 10% of final 
concentration [3]. After 30 min incubation on ice, 
the solution was centrifuged for 15 min at 10,000 g. 
The supernatant containing TCA-soluble compounds 
was isolated and mixed 1:6 with acetone, followed 
by incubation at -20°C for 18 h. The precipitate was 
pelleted by centrifugation for 10 min at 10,000 g. 
The pellet was diluted in distilled water and proteins 
were separated by the SDS-electrophoresis. To de-
tect the cortactin molecular forms in human urine 
samples, 1 ml the fresh urine was centrifuged for 
15 min at 10,000 g. To 0.2 ml of urine aliquots 0.8 ml 
acetone were added followed by incubation at -20°C 
for 18 h. The precipitate was pelleted by centrifuga-
tion for 10 min at 10,000 g. The pellet was diluted in 
distilled water and proteins were separated by SDS-
electrophoresis, followed by Western blotting. 

Detection of cortactin molecular forms in the 
enriched exosome fraction isolated from urine sam-
ples. To obtain enriched exosome fractions, 200 ml 
urine sample of the clinically healthy person were 
centrifuged for 30 min at 3.700 g and supernatants 
were filtered through a syringe filter 0.1 μ (Amicon, 
USA). The filter was washed with 5 ml PBS, and 
proteins were eluted drop by drop using denaturing 
buffer (20 mM Tris-HCl, pH 6.8, 1% SDS-Na). Col-
lected eluate was separated by SDS-electrophoresis 
and evaluated by the Western-blot analysis. 

SDS-electrophoresis and Western-blot analy-
sis. SDS-electrophoresis in 12% PAG [8] of urine 
proteins was followed by gel staining with Coomas-
sie Brilliant Blue G. For Western blot analysis, pro-
teins were transferred from the gel onto a nitrocel-
lulose membrane. The membranes were blocked 
(1 h at 20°C) with 5% non-fat milk in the PBS buffer 
containing 0.05% Tween-20. The blots were washed 
with PBS-Tween-20, three times for 5 min each, and 
then probed with the specific primary antibodies. To 
identify electrophoretic forms of cortactin in human 
urine, mouse anti-human cortactin monoclonal an-
tibody (R&D system, Catalog no. MAB6096) were 
used. The membrane was incubated overnight at 4°С 
with antibodies diluted 1:1,000. Corresponding anti-
mouse secondary antibodies were used for ECL de-
tection. Generated images were scanned, digitalized, 
and images were quantified using ImageJ software. 

MALDI-TOF mass spectrometry. Individual 
electrophoretic protein bands were excised from the 
gel and subjected to the in-gel trypsin digestion as 
was described earlier [9]. To identify the proteins, 
their tryptic digests were subjected to peptide mass 
fingerprinting (PMF). MALDI TOF/TOF mass spec-
trometry was performed on a Shimadzu-7090 instru-
ment (Shimadzu/Kratos, the UK). Samples were 
mixed with alpha-cyano-4-hydroxy-cinnamic acid, 
and loaded on a metal target plate. Mass spectrum 
was collected in the positive mode. i.e. for MH+ 
ions. Internal calibration was performed with tryp-
tic peptides generate upon auto-digestion of trypsin 
added to samples (842.51, 1045.56 and 2211.10 Da). 
Collected mass spectra were used for searches with 
Mascot tool of NCBInr database. Search criteria 
were as follow: no limitations of species and pI, 
mass selection as for 20 to 200 kDa, MH+, com-
plete alkylation of Cys, partial oxidation of Met, one 
missed cleavage by trypsin, and tolerance of 0.5 Da. 

Results and Discussion

TCA–extracted urine proteins and their 
characterization. For isolation of the TCA-extracted 
proteins from human urine, a procedure used initial-
ly for obtaining TCA-soluble proteins from the blood 
serum was used.  The urine was mixed with TCA 
to a final 10% TCA concentration, precipitate was 
removed by centrifugation, and TCA-soluble com-
pounds were precipitated with acetone at 1:6 ratio. 
The figure 1 shows a typical SDS-PAG electropho-
retic profile of the acetone precipitated proteins. We 
observed that the TCA-soluble fractions contained 
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Fig. 2. Identification of cortactin molecular forms in urine samples of healthy human donors (A and A’), 
patients with cirrhosis (B and B’), and lung cancer (C and C’). A, B, C – SDS-electroperesis in 12% PAG fol-
lowing the gels staining with Coomassie G 250. M – molecular mass protein standard. A’, B’, C’ – Western–
blotting using a mouse anti-human cortactin monoclonal antibody R&D system, Catalog no. MAB6096). M –  
position of the proteins molecular mass standards (95, 72, 55, 36, 28,17, 10 kDa) marked on the nitrocellulose 
membrane. On the right side, the position of the proteins immunologically related with cortactins is shown 

A B C

A' B' C'

proteins with the molecular mass of 100 kDa (Fig. 1, 
A). To identify this polypeptide, MALDI TOF/TOF 
mass spectrometry identification was performed. 
Peptide mass fingerprinting with use of the Mas-
cot searching tool identified the 100 kDa protein as 
the Src substrate cortactin (UniProtKB/Swiss-Prot: 
Q14247) (Fig. 1, B). Sixteen of the peptides presented 
24% of the sequence of the cortactin, with the sig-
nificance set by P < 0.5, and a score value 54.

Identification of cortactin molecular form in the 
urine protein pools. To check whether the cortactine 
molecular forms are present in human urine, we 
performed the immunoblotting study. Urine sam-
ples were obtained from 10 healthy donors, 12 liver 
cirrhosis patients and 12 lung cancer patients. TCA-
soluble proteins of these samples were separated by 
SDS-electrophoresis followed by Western blotting 
using specific anti-cortactin antibodies for detection 
(see Material and Methods section). Electrophoresis 
demonstrated that the proteins isolated from urine 

samples of healthy donors (Fig. 3, A), as well as of 
the patients suffering liver cirrhosis and lung cancer 
(Fig. 3, A, В and C) contain polypeptides ranged in 
between 20 kDa and 120 kDa.

Proteins with molecular masses of 100, 72, 
and 30 kDa were found to be the most abundant. 
Western‑blotting using anti-cortactin antibodies de-
tected the polypeptides ranged in between 98 kDa 
and 20 kDa in different urine samples of healthy 
volunteers and patients with of liver cirrhosis and 
lung cancer (Fig. 3, A, B and C). It was found that 
all 12 urine samples of healthy humans contained 
cortactin molecular forms with molecular masses 
64 kDa. In addition to the 64 kDa protein, in two 
samples of healthy human, protein bands with mo-
lecular mass 24 kDa and 98 kDa, respectively were 
also detected (Fig. 3, A’, lanes 2 and 8). We also ex-
plored the distribution of cortactin isoforms in urine 
samples of 12 liver cirrhosis patients.  It was found 
that 11 of 12 patients contain 64 kDa protein (Fig. 3, 
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B, lanes 2-12), also detected in healthy donors. 
Among samples of liver cirrhosis patients, 4 of them 
contained 55 kDa polypeptide earlier not detected in 
healthy donors (Fig. 3, B, lanes 1, 9, 11, 12). It should 
be noted, that 24 kDa protein that was detected only 
in 1 of 10 urinary samples of healthy donors was de-
tected in 10 cirrhosis patients (Fig. 3, B, lanes 1, 2, 3 
, 5, 7, 8, 11, 12). Fig. 3, C’ (lanes 1-12) demonstrates a 
distribution of cortactin isoforms in urine samples of 
patients with oncologic diseases. It was found that all 
of them, similarly to healthy donors, contain 64 kDa 
protein (Fig. 3). In contrast to healthy donors and cir-
rhosis patients (Fig 3, A’ and B’), in 6 samples of 12 
lung cancer patients were detected cortactin-like 98 
kDa protein (Fig. 3, C’, lanes 2, 6, 7, 9, 11, 12). It has 
to be noted that two samples of lung cancer patients 
(Fig. 3, C’, lanes 7, 8) consisted of 20 kDa cortactin-
related proteins which were not detected in urine 
samples of healthy human and cirrhosis patients. 

Fig. 3. Identification of cortactin molecular forms in human urine exosome. A, scheme of the exosome iso-
lation by ultrafiltration of healthy human urine sample through syringe filter 0.1 um Amicon, USA (see the 
details in “Materials and Methods”). B, identification of cortactin molecular forms in the obtained fractions 
by Western blotting using mouse anti-human cortactin monoclonal antibodies (see “Material and Methods).  
Lanes 1-4, the fractions eluted drop by drop from Amicon filter using SDS-denaturing buffer. Lane 5, the 
acetone precipitation debris of the human urine sample. M – position of protein molecular mass standards

A B

Identification of cortactin molecular forms in 
the exosome fraction isolated from human urine. 
Origin of cortactin isoforms in the human urine re-
mains unclear. We proposed that one of the mecha-
nisms could be associated with the exosomes in 
urine. To explore this hypothesis, we isolated the 
exosome fraction from 200 ml human urine, using 
differential centrifugation followed ultrafiltration 
[11]. Fig. 3 presents the results of electrophoretic 
and western blot-analysis of isolated exosome frac-
tions using anti-cortactin antibodies. We observed 
that the exosome fractions indeed contained proteins 
with molecular masses of 65, 55 and 36 kDa and are 
recognized by anti-cortactin antibodies.  

Human urine has a potential non-invasive 
diagnostic value [1]. Earlier, we used the method 
of isolation of TCA-soluble compounds in human 
blood serum and identified a novel 48 kDa Myo 1c 
protein [4,5] and Ser-Pro-Cys peptide (prosercyn) 
as protein biomarkers of the multiple sclerosis [12]. 

M. Starykovych, S. Souchelnytskyi, O. Fayura et al.
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We also used this approaches to study human urine 
for present of TCA-soluble proteins. SDS-PAG elec-
trophoresis followed MALDI TOF/TOF mass spec-
trometry revealed in the healthy human urine sample 
100 kDa protein identified as cortical actin binding 
protein (cortactin). Cortactin is a monomeric protein 
located in the cytoplasm of all cell types. It can be 
activated by the external stimuli to promote polym-
erization and rearrangement of the actin cytoskel-
eton, especially the actin cortex around the cellular 
periphery [5, 7] . 

Three molecular forms of the cortactin were 
described [13]. Cortactin-A, -B and -C had six, five, 
and four cortactin repeats, respectively. All cortac-
tin’s isoforms are able to bind to F-actin, but only 
cortactin-A demonstrated an F-actin-crosslinking 
activity. In addition, cortactin-A was able to bind 
along the side of the F-actin [5-8]. 

Screening of urine protein content in healthy 
people and patients with liver cirrhosis and lung can-
cer allowed us to identify different molecular forms 
of the cortactins. Our preliminary data suggest that 
increasing of the level of 24.0 kDa proteins and the 
appearance of 52.0 kDa proteins in human urine 
might be associated with the appearance of the de-
compensated stage of liver cirrhosis. However, the 
assessment of their diagnostic value needs further 
studies [14]. This fact suggests that the distribution 
of cortactin molecular forms in the urine might have 
a diagnostic and/or prognostic significance. 

The origin of different cortactin molecular 
forms in human urine remains unknown. In our 
opinion, there are two ways of their appearance in 
human urine. Recently, we discovered for the first 
time in human blood serum three polypeptides with 
molecular weights of 200, 55, and 28 kDa with im-
munoreactivity against monospecific anti-cortactin 
antibodies [15]. Consequently, there is a possibility 
that urinary cortactin molecular forms can originate 
from blood serum. 

It is well known that cortactin promotes ex-
osomes secretion in different human cells [16, 17]. 
Our data demonstrate that some cortactin molecular 
forms might be present in a fraction of the urinary 
exosomes. Consequently, it is possible that urinary 
cortactins of different molecular forms could be 
linked with urinary exosomes. 

The urinary exosomes have been secreted 
by the epithelial cell types lining the urinary tract 
system in human [18]. Exosomes are an attractive 
source for biomarker discovery, as they contain mo-

lecular constituents of their cell of origin, including 
proteins and genetic materials, and they can be iso-
lated in a non-invasive manner [19,20].   Our conse-
quent studies of the content of the various forms of 
cortactin in urine exosomes could clarify this issue.

Conclusion. Investigation of protein content 
in urine using MALDI-TOFF mas-spectrometry 
in a combination with western blot analysis identi-
fied various molecular forms of cortactin that dif-
fer in healthy people, patients with liver cirrhosis 
and lung cancer. We suggest that these polypeptides 
could serve as potential molecular biomarkers of the 
diseases. The reported data provide a basis for fur-
ther large scale experimental investigation and clini-
cal trial of cortactin role. 
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Ідентифікація молекулярних 
форм кортактину в сечі 
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Протеїновий  склад сечі людини відобра-
жає зміни біохімічного та фізіологічного статусу 
та має важливе діагностичне значення. За до-
помогою методів осадження/екстракції ми ви-
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ділили протеїн із Mr ~ 100 кДа із сечі людини. 
Методом мас-спектрометрії MALDI TOF/TOF  
ідентифіковано цей протеїн як субстрат проте-
їнкінази людського Src кортактину (UniProtKB/
Swiss-Prot: Q14247). Скринінг зразків методом  
вестерн-блоту з використанням специфічних 
людських антитіл до коктактину виявив різні 
протеїни, імунологічно пов’язані з кортактином 
у здорових людей та пацієнтів із цирозом печін-
ки та раком легенів. Ці дані свідчать про те, що 
вміст ізоформ кортактинів у сечі може слугува-
ти  потенційним маркером для тестування го-
стрих та системних захворювань.

К л ю ч о в і  с л о в а: сеча людини, 
кортактини, цироз печінки, рак легенів.
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