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Abstract. Background: Insufficient specificity —and
invasiveness of currently used diagnostic methods raises the
need for new markers of urological tumors. The aim of this
study was to find a link between the urinary excretion of amino
acids and the presence of urological tumors. Materials and
Methods: Using ion-exchange chromatography, we tested urine
samples of patients with prostate cancer (n=30), urinary
bladder cancer (n=28), renal cell carcinoma (n=16) and
healthy volunteers (control group; n=21). Results: In each
category, we found a group of amino acids which differed in
concentration compared to the control group. These differences
were most significant in sarcosine in patients with prostate
cancer; leucine, phenylalanine and arginine in those with
bladder cancer, and sarcosine, glutamic acid, glycine, tyrosine
and arginine in the those with renal cell carcinoma.
Conclusion: Results of our research imply a possible
connection between the occurrence of specific types of amino
acids in the urine and the presence of urological tumors.

The incidence of urological malignancies including cancer of
the prostate, bladder and kidney is relatively high. Prostate
cancer is the second most common malignancy in the United
States among men aside from non-melanoma skin cancer, with
estimated 172,000 diagnoses and 28,000 deaths in 2014 (1).
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Bladder cancer is the 11th most commonly diagnosed cancer
in the world and 14th leading cause of cancer death (2), while
renal cell carcinoma represents 2-3% of all cancer and in most
European countries, its incidence is still rising (3).

Despite the frequency of these types of cancer, reliable
biomarkers still need to be discovered. Many possible
biomarkers of prostate cancer have been tested, including
prostate cancer antigen 3 (4), alpha-methyl coenzyme A
racemase (5), transmembrane protease, serine 2 (TMPRSS2)—
ERG, ETS transcription factor (ERG) translocation (6),
urinary prostate-specific antigen (PSA) (7) or urinary
thiosulfate (8). However, the only routinely used marker is
serum PSA, which still causes many controversies due to the
non-specificity of its elevation (9).

For patients with renal tumors, early diagnosis is crucial,
nevertheless the majority of renal masses are detected
incidentally during the investigation of unrelated problems.
Numerous molecular markers have been tested such as
carbonic anhydrase IX (CalX) (10), vascular endothelial
growth factor (VEGF) (11), hypoxia-inducible factor (HIF)
(12), Ki67, p53, phosphatase and tensin homolog (PTEN)
and others (13), however none of these has been
recommended for routine practice.

Bladder cancer is associated with the need for lifelong
surveillance by cystoscopy and urine cytology (14) and the
highest cost from diagnosis to death among all cancer types
(15). Currently tested markers include DNA, RNA, miRNA
and protein markers. However, none are routinely used in
daily clinical practice.

Urine represents an attractive biological material for testing
due to the non-invasiveness of its collection, its relative stability
during storage and, most of all, a natural association with the
biology of tumors in the urinary tract. As shown in numerous
studies, urine metabolomic profiling is suitable for urological
malignancies. Changes in xenobiotic metabolism are believed
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to be causal in the genesis of bladder cancer (16). A
metabolomic approach was used in a study of kidney cancer
which demonstrated higher expression of metabolites associated
with energetic metabolism, high tumor protein breakdown and
utilization, and the Warburg effect (17). Sreekumar et al. used
metabolomic analysis to discover markers usable for
noninvasive diagnosis and prognosis of prostate cancer (18).
Our research focused on the possibility that urinary
excretion of amino acids or specific groups of amino acids may
be associated with the presence of prostate cancer (PCa),
urinary bladder cancer (UBC) and renal cell carcinoma (RCC).

Materials and Methods

Patient selection. Institutional Review Board approval (reference:
EK-377/13) was obtained for the analysis of this patient population
and the population of healthy volunteers, all samples were collected
and analyzed with written informed consent of the participant.

The control group we used consisted of 30 healthy volunteers
older than 50 years without oncological history and no signs of
current cancer according to physical, ultrasound and laboratory
examinations. Spontaneously voided urine samples were obtained
and immediately frozen at —75°C until analysis. Samples of 30
patients with histologicaly confirmed PCa, 28 patients diagnosed
with UBC, and 16 patients with RCC were handled in the same
way. Pathological characteristics are described in Table I. For
technical and organizational reasons, it was not possible to provide
a standardized diet for all tested participants. Since we are aware of
the impact of diet on the excretion of amino acids, we decided to
use the first morning urine after fasting overnight.

Sample preparation for determination of urinary amino acid
patterns. For analysis of amino acid patterns, excluding sarcosine,
500 pl of urine sample was mixed with 500 pl of 35% HCI and
mineralized using microwave equipment MW 3000 (Anton Paar,
Graz, Austria). One hundred microliters of mineralized sample
were diluted with 900 pl of dilution buffer and centrifuged at
25,000 x g for 20 min using a 5417R centrifuge (Eppendorf,
Hamburg, Germany) for 20 min. Subsequently, 500 pl of sample
was diluted in 500 pl of 0.6 M NaOH prior to being analyzed by
ion-exchange chromatography with a visual spectrum detector
(IEC-Vis). Sarcosine, as a non-proteinogenic amino acid was
determined by a simple evaporation of 500 pl of urine using an
Ultravap 96 nitrogen blow-down evaporator with spiral needles
(Porvair Sciences limited, Leatherhead, Surrey, UK). After this
procedure, the sample was diluted with 500 pl of dilution buffer
and analyzed using IEC-Vis.

Ion-exchange liquid chromatography. For determination of
sarcosine an IEC-Vis (Model AAA-400; Ingos, Prague, Czech
Republic) with post column derivatization by ninhydrin was used.
A glass column with inner diameter of 3.7 mm and 350 mm length
was filled manually with strong cation exchanger (Ostion LG ANB;
Ingos) in sodium cycle with particles of approximately 12 um
diameter and 8% porosity. The column temperature was maintained
at 60°C. Double channel VIS detector with inner cell of 5 pl was
set to two wavelengths: 440 and 570 nm. A prepared solution of
ninhydrin was stored under nitrogen in the dark at 4°C. Elution of
amino acids was achieved by buffer containing 10.0 g of citric acid,
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Table 1. Histological characteristics of tumors.

Histological stage n %
PCa
pT2a 6 20.0
pT2b 2 6.7
pT2c 17 56.7
pT3a 5 16.7
RCC
pTla 8 50.9
pT1b 4 250
pT2a 2 12.5
pT3a 1 6.3
pT3b 1 6.3
UBC
pTa 8 28.6
pT1 7 250
pT2a 4 14.3
pT2b 2 7.1
pT3a 3 10.7
pT3b 1 3.6
pT4a 2 7.1
NA 1 3.6

PCa: Prostate cancer, RCC: renal cell carcinoma, UBC: urinary bladder
cancer, NA: not available.

Table II. Analytical parameters for amino acids analyzed by IEC-Vis.

Amino acid LoD (uM) LoQ (uM) RSD
Sar 0.6 1.8 3.6
Asp 0.7 2.4 2.8
Thr 1.0 32 2.5
Ser 1.0 33 3.1
Glu 0.6 1.8 2.8
Pro 0.7 24 3.6
Gly 0.6 1.9 3.1
Ala 0.7 24 2.4
Cys 1.3 4.2 2.5
Val 0.7 2.3 3.6
Met 0.6 2.0 2.8
Tle 0.7 2.5 3.1
Leu 0.7 22 2.5
Tyr 0.8 2.6 3.0
Phe 09 29 2.8
His 0.6 2.1 24
Lys 0.7 22 2.5
Arg 0.8 24 34

LoD: Limit of detection (3xS/N), LoQ: limit of quantification (10xS/N),
RSD: relative standard deviation, injection: 5 ul.

5.6 g of sodium citrate, and 8.36 g of sodium chloride per liter of
solution and pH was 3.0. The flow rate was 0.25 ml per min. The
reactor temperature was set at 120°C. Analytical parameters of the
analyzed amino acids are shown in Table II.
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Table III. Concentration of amino acids (umol/mmol of creatinine) in groups of patients with different types of urological malignancies compared

to a control group of healthy volunteers (Mann—Whitney test).

Controls PCa UBC RCC
Amino acid Median  Min-max  Median Min-max  p-Value  Median Min-max  p-Value Median  Min-max  p-Value
Sar 0.00 0.0-4.2 8.00 0.2-62.5 <0.001 0.00 0.0-94 >0.99 6.15 1.3-11.9 <0.001
Asp 40.60 0.1-116.6 54.70 0.2-496.0 0.074 3.40 0.0-97.9 0.023 2.30 0.1-11.2 0.002
Thr 9.80 04-33.2 15.55 0.1-160.3 0.269 13.20 0.0-67.1 >0.99 240 0.0-25.8 0.027
Ser 14.10 0.3-102.6 25.60 0.1-502.3 0.102 6.85 0.1-120.8 >0.99 2.15 0.0-8.4 0.005
Glu 34.90 0.0-89.4 77.35 0.1-621.1 0.191 12.20 0.2-126.8 >0.99 1.35 0.1-28.0 0.001
Pro 12.70 1.5-804 98.80 0.5-511.2 0.005 2.75 0.0-237.3 0.047 6.15 0.0-150.0 0.882
Gly 3.20 0.5-39.7 545 0.0-161.2 0.269 6.75 0.1-125.8 >0.99 0.50 0.1-59 0.005
Ala 4.90 0.0-33.7 14.90 0.0-46.1 0.024 3.75 0.0-17.9 >0.99 3.70 0.9-41.7 >0.99
Cys 5.10 0.0-45.4 7.80 0.3-92.5 0.649 6.25 0.3-112.0 >0.99 2.60 0.1-10.8 0.882
Val 2.80 0.0-17.1 8.40 0.1-56.0 0.269 3.10 0.0-526.5 >0.99 0.90 0.0-3.5 0.190
Met 4.60 0.1-20.1 8.70 0.1-66.5 0.269 24.20 0.8-279.4 0.006 1.30 0.1-17.9 0.190
Ile 0.80 0.0-26.0 520 0.2-155.1 0.139 745 0.1-161.8 0.079 0.50 0.0-3.2 0.882
Leu 6.60 0.1-28.7 13.90 0.9-152.0 0.057 78.00 4.6-186.8  <0.001 12.40 2.6-50.6 0.165
Tyr 15.20 0.3-543 14.75 0.3-336.2 >0.99 33.80 0.0-374.9 0.392 0.25 0.0-6.5 <0.001
Phe 4.20 0.1-39.2 8.00 0.0-362.6 0.649 82.80 0.0-502.6  <0.001 28.60 0.0-152.3 0.017
His 39.70 1.8-122.2 225 0.1-651.3 0.023 35.10 0.0-408.9 >0.99 16.05 0.0-43.5 0.122
Lys 6.30 0.0-78.7 7.55 0.0-199.9 >0.99 5.80 0.0-48.0 >0.99 5.00 0.0-50.4 0.882
Arg 19.20 0.8-77.7 3045 8.5-139.2 0.070 1.35 0.0-53.7 0.001 0.25 0.0-11.7 <0.001

PCa: Prostate cancer, RCC: renal cell carcinoma, UBC: urinary bladder cancer.

Normalization of amino acid values obtained by IEC-Vis analysis.
All obtained results were normalized using urinary creatinine.
Creatinine was determined using a creatinine kit (Greiner, Stuttgart,
Germany) on a BS-400 automated spectrophotometer (Mindray,
Shenzhen, China), according to the manufacturer’s instructions.

Statistical analysis. Due to the non-normality of the recorded data,
non-parametric statistical methods were used. Differences between
groups of patients and controls were subject to batteries of Mann—
Whitney two-sample tests. p-Values adjusted for multiple
comparisons by a Holm’s method of less than 0.05 were considered
statistically significant. Analyses were conducted using R statistical
package, version 3.1.2, R Core Team (2014).

Results

All differences in amino acid concentrations of patients with
various types of urological malignancies compared with a
control group of healthy volunteers are detailed in Table III.
In the prostate cancer group, the analysis showed
significantly (p<0.05) higher concentrations of sarcosine,
proline and alanine and a lower concentration of histidine.
In the group of patients with UBC, we found increased levels
of methionine, leucine and phenylalanine and reduced levels
of asparagine, proline and arginine. In comparison with the
control group, patients with RCC showed increased
concentrations of sarcosine and phenylalanine and reduced
levels of asparagine, threonine, serine, glutamic acid,
glycine, tyrosine and arginine.

Table IV. Correlation between prostate-specific antigen and the
concentration of 18 amino acids in the group of patients with prostate
cancer.

Amino acid r p-Value
Sar -0.095 >0.99
Asp 0.071 >0.99
Thr -0.129 >0.99
Ser -0.012 >0.99
Glu —0.427 0.35
Pro -0.074 >0.99
Gly -0.014 >0.99
Ala -0.177 >0.99
Cys 0.188 >0.99
Val -0.022 >0.99
Met 0.058 >0.99
Ile —0.303 >0.99
Leu -0.033 >0.99
Tyr 0.011 >0.99
Phe 0.059 >0.99
His -0.039 >0.99
Lys 0.073 >0.99
Arg —0.042 >0.99

There was no difference in the gender distribution
between the control group and groups of patients with
urological malignancies. The percentage of females in the
control group, PCa, RCC and UBC groups was 28.6%, 0.0%,
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31.3% and 28.6%, respectively. The age distribution also
showed only negligible variation, with median ages of 59.0,
64.0, 62.5 and 66.5 years, respectively.

Out of 18 tested amino acids, there was a statistical
difference only in serine (p<0.001) and lysine (p=0.012)
between male and female controls. No correlation was found
between PSA and any of the analyzed amino acids in the
group of patients with PCa (Table IV).

Discussion

Since Otto Warburg’s discovery of high consumption of
glucose and secretion of lactate (even in excess of oxygen) by
cancer cells, called the Warburg effect (19, 20), highly
proliferative cancer cells have been shown to exhibit alterations
in various metabolic pathways (21). These changes can also be
observed at the proteomic and the genomic levels (22).

A new branch of molecular biology called Metabolomics
describes the complete set of small-molecule chemicals that
can be found within a biological sample as the ‘metabolome’
(23). Since these molecules are products of numerous
interactions and reflect actual processes occurring in the
body (24), they could possibly lead to the discovery of
potential biomarkers.

The easy accessibility of urine allows detailed analysis of
ions and metabolites and shows that human urine contains a
significant amount of hydrophilic molecules (amino acids
and their derivatives, carbohydrates and carbohydrate
conjugates, amongst others) (25). Interindividual variability
of the human population, environmental and lifestyle
influences such as diet and toxins, represent a great
complication of clinical research in metabolomics. Lenz et
al. observed that in urine samples of people whose diet was
not standardized the metabolites which varied the most were
hippurate and creatinine (26).

One of the first urine biomarkers, used for centuries, is the
metabolite glucose in patients with diabetes. Regarding the
kidneys, published studies showed urinary metabolic signatures
not only of kidney injury (27) but also RCC. Kyoungmi et al.
tested 1766 metabolites and demonstrated that urine
metabolomic profiling can differentiate patients with RCC from
healthy controls (28). One of the largest studies of patients with
bladder cancer analyzed over 9,000 unique features and
identified a few up-regulated metabolites in the patient group
(29). The role of amino acids in urine as a potential oncological
marker of PCa was discovered by Sreekumar et al. (30). Their
research identified sarcosine as a metabolite which is markedly
increased in the urine after digital rectal examination. However,
the presumption that urinary sarcosine can discriminate between
patients with and without prostate cancer better than PSA was
disproved by Jentzmik et al. (31).

According to the Human Urine Metabolome Project (32),
only few amino acids have been identified as possible
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oncological markers — alanine (33) and valine (34),
associated with lung cancer. The only investigated and
commercially used method of using amino acid
concentration in urine is represented by Prostarix (Metabolon
Inc.). This method based on study of 120 men is able to
stratify pre-biopsy patients to risk groups according to
alanine, sarcosine, glycine and glutamate level in urinary
sediment obtained after digital rectal examination.

Despite controversies in previous studies, our results
confirmed a strong link between the presence of sarcosine in
urine and PCa. In the group of patients with RCC, we found
elevated concentrations of serine and glycine. This finding is
in line with a study of anabolic pathways for proteins, nucleic
acids and lipids which are crucial to cancer cell growth (35).

Considering the natural proximity between urinary tract
tumors and urine, our research implies a possible connection
between the occurrence of specific types of amino acids in
urine (or groups of amino acids) and the presence of these
tumors. Monitoring the concentration of these amino acids
as tumor makers in the urine can be considered a promising
non-invasive method. Future use of this method should be
confirmed by further research.
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