ISSN 2409-4943. Ukr. Biochem. J., 2020, Vol. 92, N1

UDC 616.65+577.151.4

doi: https://doi.org/10.15407/ubj92.01.056

PROFILING OF METABOLIC BIOMARKERS IN THE SERUM
OF PROSTATE CANCER PATIENTS
F. Ali1, S. Akram1, S. Niaz1,2, N. Wajid1
1

Institute of Molecular Biology and Biotechnology (IMBB) & Centre for Research In Molecular
Medicine (CRIMM), The University of Lahore, Raiwind Road Lahore, Pakistan;
2
Social Security Hospital Multan Chungi, Multan Road, Lahore;
e-mail: Fatima.ali@imbb.uol.edu.pk; fatemei.ali@gmail.com
Received: 26 July 2019; Accepted: 29 November 2019

Prostate cancer (PCa) is the major cause of the death of men population globally. Multiple factors
are involved in the initiation and progression of PCa. This study aimed to evaluate different metabolic parameters in the serum of PCa patients. Males of 50 years and above age with the recent diagnosis of PCa
(digital rectal examination, and elevated serum prostate-specific antigen (PSA) level) were included in the
study. Glucose and serum electrolytes level, lactate dehydrogenase activity, parameters of lipid metabolism
and liver and kidney functioning were measured on a fully automated analyzer using standard reagent kits.
Oxidative stress was evaluated by measuring MDA, CAT, GSH, and SOD in serum. Detection of C-reactive
protein (CRP), insulin-like growth factor (IGF-1) and vascular endothelial growth factor (VEGF) was performed by immunoassay. It was shown that serum glucose and HDL levels were lower while total cholesterol,
LDL and triglyceride levels were significantly higher in PCa group than in the control group. PCa patients
had an elevated level of liver and kidney functional markers. Comparison of the oxidative stress markers in
patient and control groups showed significant difference. It was detected that serum levels of CRP, IGF-1 and
VEGF were significantly higher in PCa group, compared the control to group (p < 0.05). Low level of glucose and dyslipidemia indices in prostate cancer patients indicated metabolic changes and demonstrated the
importance of multiple parameters analysis (free PSA, dyslipidemia, VEGF, IGF-1, CRP, and oxidative stress
markers) for early PCa diagnostics.
K e y w o r d s: prostate cancer, oxidative stress, insulin-like growth factor, vascular endothelial growth factor, c-reactive protein.

P

rostate cancer (PCa) is the second most common malignancy in men above 55 years of
age and the fifth leading cause of mortality in
men worldwide [1, 2]. Certain modifiable and nonmodifiable risk factors contribute to the progression
of PCa [3]. Non-modifiable risk factors include age,
ethnicity, and family history [4], whereas modifiable
risk factors include obesity, smoking, hypertension,
diabetes mellitus (DM) and dyslipidemia [5]. Aging,
inflammation, and oxidative stress-induced DNA
damage also play important role in the progression
of PCa [6-8].
PCa is a slow-growing malignant tumor which
remains asymptomatic in the majority of patients
hence detected in later stages by biopsy. Current-

ly, the digital rectal examination (DRE) and a serum prostate-specific antigen (PSA) tests are common diagnostic tools for PCa [9]. There are many
treatment options for PCa depending on a patient's
medical history, diagnosis, age, and current state of
health. Epidemiologic studies suggest that the use of
lycopene, β-carotene, vitamins C, E, and selenium
supplement may reduce the risk of advanced-stage
disease [10], whereas aspirin, ibuprofen, and higher
vegetable intake may decrease the risk of non-advanced-stage disease and low-grade prostate cancer
[11]. Treatments for PCa may include radical prostatectomy, radiotherapy alone or in combination with
other therapies such as adjuvant treatments by hormonal agent’s administration which suppresses the
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endogenous testosterone production [12]. Hormone
therapy known as androgen deprivation therapy
(ADT) is commonly used to treat advanced prostate
cancer however, it is associated with numerous side
effects that can influence the quality of life. Metabo
lic syndrome, sexual dysfunction, osteoporosis, osteoarthritis, gynecomastia, obesity, insulin resistance,
diabetes, dyslipidemia, hypertension, cardiovascular
disease and depression are well-described complications of androgen deprivation therapy [13-16].
Other biochemical abnormalities may also present in patients that disturb gonadal steroid hormone,
insulin and insulin-like growth factor-I (IGF-I) levels
[17]. Literature shows that alteration in IGF-I level
may be concordant with a high risk of PCa development as IGF-I is a potent mitogenic factor involved
in cell proliferation, differentiation, and apoptosis,
hence its high level is susceptible for the transformation of normal cells into malignant cells [19].
The rate of PCa incidence is increasing worldwide [1, 19]. The principle reasons include variation
in screening methods and treatment in Western and
Asian countries [20, 21]. The most suitable way to
deal with this situation is individualized screening in
light of epidemiological and financial status of every
nation. Keeping in view the above information, It
is hypothesized that certain metabolic parameters
like dyslipidemia, oxidative stress are significant
for early-stage diagnosis of prostate cancer for early
treatment.
Materials and Methods
Subjects and study design. This case-control
study included 120 subjects; out of which 60 subjects
were with normal digital rectal examination and PSA
levels (0-4 ng/ml) (control group), and 60 subjects
were with abnormal digital rectal examination, and
elevated PSA levels (>4.0) (PCa group), visiting the
outpatient clinic at Department of Urology at Sharif
Medical City Hospital Lahore, Pakistan from September 2017 to October 2018.
Inclusion and Exclusion Criteria. This study
included males of age 50 years and above with newly
confirmed diagnoses of PCa, who were not taking
androgen deprivation therapy, and any cancer-related
medicine. Age-matched males (control subjects)
were included in the study.
Subjects who had a history of any of the following were excluded from the study: prostatitis,
benign prostatic hyperplasia, other prostate-related
diseases with any other urinary complaints, or who

underwent any urethral manipulation, or mechanical disturbance of gland before test, with history of
diabetes, as well as patients who did exercise or who
ejaculated for a day or two before test. The reason to
exclude other prostate-related disease i.e. prostatitis
which is due to inflammation usually caused by bacteria affect the inflammatory markers results. Benign
prostatic hyperplasia, which is other prostate-related
disease, affects the testosterone level and all these
prostate diseases affect the PSA level so it will lead
to misinterpretation of results. Subjects were excluded from the study if they had previously been
prescribed medications for PCa and androgen deprivation therapy.
Ethical Consideration. Official approval for
the study was obtained from the institutional review
board and ethics committee of the Department of
Urology at Sharif Medical City Hospital Lahore, Pakistan. The researchers explained the purpose and
objectives of the study to all participants included in
the analysis. The inclusion in the study was optional
and confidential.
Baseline Data Collection. Patient background
and medical history data were collected via questionnaire. Questionnaire for the baseline data collection was prepared based on demographic and socioeconomic characteristics, ethnicity, marital status,
educational level, employment status, perception,
awareness and related knowledge for the disease.
The mean rate of enrollment refusal was 0%.
Collection of Blood and Isolation of Serum.
Blood samples were collected before any prostatic
manipulation, followed by digital rectal examination. Venous blood was drawn from the cubital vein
from all subjects and instantly transferred from hospital to CRIMM laboratory in an icebox. Blood samples were centrifuged at 2000 g for 10 min at 4 °C.
Serum was aspirated, aliquoted, and stored at -20 °C
for future analysis.
Biochemical parameters. Samples were used
to determine the following parameters by commercially available kits.
Determination of tPSA and fPSA. The tPSA
level was determined using commercially available
total PSA ELISA kit (MP Biomedicals Diagnostics,
USA). The fPSA was determined by using commercially available fPSA ELISA kit (MP Biomedicals
Diagnostics, USA).
Blood chemistry. The concentration of fasting
blood glucose (FBG), lactate dehydrogenase (LDH),
serum calcium, and serum phosphorus was deter57
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mined by using commercially available kits (Randox
laboratories Ltd., UK). Reference values are shown
in Table 2.
Determination of lipid profile. Serum levels of
total cholesterol (TC), triglycerides (TG), and highdensity lipoprotein (HDL) were measured spectrophotometrically using commercial assay kits (Randox laboratories Ltd., United Kingdom). LDL was
calculated by using Friedewald formula. Reference
values shown in Table 2.
Determination of liver profile. Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and Alkaline Phosphatase (ALP) were assessed using commercial kits (Randox laboratories
Ltd, United Kingdom). Reference values are shown
in Table 2.
Evaluation of renal functions. Urea was
analyzed by using commercially availab
le kit (AMP Diagnostics). Blood urea nitrogen
(BUN) was calculated by the formula (Blood
urea = 2.14 * BUN). Blood urea nitrogen values were
calculated by dividing the blood urea level by 2.14.
Creatinine was estimated by using Roche Diagnostics kit on Hitachi-911 analyzer. Reference values are
shown in Table 2.
Estimation of oxidative stress. Oxidative stress
was measured by analyzing the level of malondialdehyde (MDA), catalase (CAT), glutathione (GSH), superoxide dismutase (SOD) in serum. These markers
were determined by manual method as previously
described by us [22].
Analysis of Growth Factors and Inflammation Maker by ELISA. The indirect ELISA was
performed by plating 20 μg serum sample of both
groups in volume of 100 μl/well, overnight at 4 °C.
The next day the plates were washed once with
100 μl/well of 1x PBST (1x PBS with 0.05% Tween
20, pH 7.2) wash buffer. Then non-specific sites
were blocked with 5% BSA for 2 h at room temperature, subsequently the plates were washed 3
times at 10 min interval with 1x PBST, pH 7.2. The
wells were then incubated with primary antibodies
i.e. mouse anti-vascular endothelial growth factor (VEGF) (1:200), rabbit anti-insulin-like growth
factor (IGF-I) (1:200), mouse anti-C-Reactive Protein (CRP) (1:200), and mouse anti-β-actin (1:200)
(Santa Cruz Biotechnology, USA) for 1 hour. The
wells were then subjected to 3 times wash with 1x
PBST at 10 min interval with 1x PBST, pH 7.2 and
incubated with HRP-conjugated anti-mouse (1:1000)
and HRP-conjugated anti-rabbit secondary (1:1000)
58

antibodies (SantaCruz Biotechnology, USA) for 1 h.
After washing, equal volume of chromogenic solution 3,3′,5,5′-tetramethylbenzidine (TMB) (Invitrogen Inc., USA) was added then 0.1 mM hydrochloric
acid (HCl) was added to stop reaction and plate was
read at 650 nm in BioTek plate reader. Each of the
test samples was tested in triplicate and average absorbance values were statistically analyzed.
Dot blot analysis for growth factors and inflammation maker. Serum samples (2 μg/ml) concentration of both groups were added at 10 μl/dot to nitrocellulose membranes (Bio Rad). The membranes
were air-dried and blocked in 5% BSA/PBS, pH 7.2,
for 30 min. The membranes were then washed 3
times at 10 min interval with 1x PBS, pH 7.2. The
membranes were then incubated with the VEGF
(1:200), IGF-I (1:200), CRP (1:200), and β-actin
(1:200) (Santa Cruz Biotechnology, USA) for 1 h
with rocking. The membranes were subjected to 3
times wash with 1x PBS for 30 min at 10 min interval with 1x PBS, pH 7.2 and incubated with HRPconjugated anti-mouse (1:1000) and HRP-conjuga
ted anti-rabbit secondary (1:1000) antibodies (Santa
Cruz Biotechnology, USA) for 1 h, and developed
with chromogen substrate 3,3′-diaminobenzidine
tetrahydro-chloride (DAB) plus H2O2 solution in the
dark. The integrated density of respective images
was quantified by using Image J analysis software.
Statistical analysis. Statistical analysis was
performed using GraphPad Prism version 5.00 for
Windows (GraphPad Software, San Diego, CA,
USA). Unpaired Student’s t-test was performed
for comparison between two groups’ data. Data
were presented as mean ± standard deviation (SD).
P < 0.05 was considered statistically signiﬁcant.
Results and Discussion
Demographic Characteristics of Subjects.
The characteristics of the study population were
illustratedin Table 1. Control group had mean age
of 54 .0 ± 10.3 years, whereas PCa group had mean
age 55.0 ± 13.4 years. PSA level was high in PCa
group compared with control group. tPSA and tPSA/
fPSA levels were significantly higher in PCa group
(P < 0.001) compared with Non-PCa group. Results
of basic demographic characteristics are shown in
Table 1.
Blood chemistry analysis. Parameters of blood
chemistry of control and PCa groups are summarized in Table 2. There was significantly higher
lactate dehydrogenase level in PCa group whereas
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T a b l e 1. Demographic characteristics of PCa patients
Characteristics
Age, years
Total PSA
(tPSA), ng/ml
Free PSA
(fPSA), ng/ml
fPSA/tPSA ratio

Normal group
(60 subjects)
54.0 ± 0.3

PCa group
(60 subjects)
55.0 ± 13.4

3.58 ± 1.10

71.94 ± 1.40

1.08 ± 0.92
33.00 ± 0.09

5.85 ± 5.09
15.0 ± 15.4

All values are mean ± SD. PCa patients versus control,
for all analyses, P < 0.05 was considered statistically significant and designated as p < 0.001

calcium and phosphorous levels were not changed
significantly.
Alterations in levels of all the lipid constituents among all groups are presented in Table 2.
PCa group showed signiﬁcant increase in TC, TG,
and LDL levels compared to that of control group.
Whereas, PCa group showed signiﬁcantly lower
levelof HDL. Also, PCa patients had high value of

TC/HDL and LDL/HDL ratios compared to the control group.
PCa group had signiﬁcantly higher level of
urea, creatinine, and blood urea nitrogen as compared to control group. The levels of liver functionrelated markers ALT, AST, and ALP were also found
to be elevated in PCa group compared to control
group (Table 2).
Effect of PCa on oxidative stress markers. Oxidative stress in PCa group was measured by evalua
ting the levels of GSH, SOD, CAT and MDA. It was
observed that SOD activity (0.16 ± 0.07 nm), and
GSH level (0.07 ± 0.03 nm) were significantly low
in PCa group compared to control group for SOD
(0.44 ± 0.15 nm) and GSH (0.16 ± 0.04 nm), (Fig. 1,
A and B). Increased MDA level (0.61 ± 0.18 nm)
and CAT activity (1.52 ± 0.29 nm) was observed
in PCa group compared to control group for MDA
(0.34 ± 0.08 nm) and CAT (0.88 ± 0.19 nm), (Fig. 1,
C and D).
Release of growth factors and inflammation
maker in serum. To determine the levels of IGFI, VEGF, and CRP in the serum, ELISA was performed on study samples. As shown in Fig. 2, A-C,

T a b l e 2. Blood chemistry analysis of PCa patients
Parameters

Normal group
(60 subjects)

PCa group
(60 subjects)

P-Value

Siginificance

Reference range

FBG, mg/dl
LDH, U/l
Calcium, mg/dl
Phosphorous, mg/dl
Cholesterol, mg/dl
Triglycerides, mg/dl
LDL, mg/dl
HDL, mg/dl
TC/HDL
LDL/HDL
Urea, mg/dl
BUN, mg/dl
Creatinine, mg/dl
ALT, U/l
AST, U/l
ALP, U/l

97.08 ± 9.30
205.00 ± 0.11
8.62 ± 0.60
2.54 ± 0.20
177.2 ± 12.0
80.9 ± 30.6
139.0 ± 12.9
40.3 ± 5.2
4.14 ± 5.20
3.5 ± 0.1
17.0 ± 2.6
7.9 ± 1.2
0.78 ± 0.15
21.6 ± 1.5
17.6 ± 5.6
100.7 ± 19.0

69.92 ± 13.00
891.00 ± 0.29
9.6 ± 0.1
4.1 ± 1.2
447.3 ± 164.8
200.1 ± 45.3
247.7 ± 24.2
25.0 ± 2.9
16.69 ± 1.12
9.92 ± 0.32
56.0 ± 13.0
26.1 ± 6.0
1.22 ± 0.16
74.0 ± 17.0
82.0 ± 15.6
243.3 ± 30.0

<0.0001
<0.0001
0.035
0.021
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0061
0.0026
0.0008

***
***
*
*
***
***
***
***
***
***
***
***
***
**
**
***

70 to 99 mg/dl
140-280 U/l
8.5-10.2 mg/dl
2.4 to 4.1 mg/dl
< 200 mg/dl
150 mg/dl
< 40 mg/dl
100-129 mg/dl
<5.0
<5.0
15-45 mg/dl
8-21 mg/dl
0.8-1.4 mg/dl
up to 40 U/l
up to 37 U/l
44-147 U/l

All values are mean ± SD. PCa patients versus control, for all analyses, P < 0.05 was considered statistically significant
and designated as *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 1. Assessment of oxidative stress markers in PCa and control groups. A: Reduced glutathione (GSH).
B: Superoxide dismutase (SOD). C: Catalase (CAT). D: Malondialdehyde (MDA). All values were expressed
as mean ± SD. PCa versus control, for all analyses, p < 0.05 was considered statistically significant and
designated as ***P < 0.001 in the figure
the serum levels of IGF-I and VEGF in the PCa
group were (0.39 ± 0.08 nm) and (0.83 ± 0.19 nm),
respectively; these levels were higher than those in
the control group (0.23 ± 0.07 nm) for IGF-I and
(0.38 ± 0.05 nm) for VEGF (P < 0.05). The serum
level of CRP in the PCa group was (1.26 ± 0.06 nm)
and in non-PCa individuals – (0.91 ± 0.30 nm).
The protein expression of growth factors
(VEGF and IGF-I) and inflammation marker (CRP)
shown in Fig. 2 were analyzed through dot blot.
Significant increase in the expression of VEGF
(173 ± 2.0), IGF-I (191.3 ± 1.5) and CRP (237.7± 6.6)
was observed in PCa patients compared to control
group for VEGF (102.3± 1.5), IGF-I (103.7± 2.5), and
CRP (73.3± 1.5), respectively (Fig. 2, E-G). β-actin
was used as an internal control.
PCa is a common urologic disorder, affecting
the quality of life of aged men. There are numerous
epidemiological studies on the relationships between
the risk factors and development of PCa [23]. But
few studies have focused on the risk factor in local
people. thus, the present study was undertaken to
assess metabolic and paracrine changes among men
having PCa in the local population.

60

The results are consistent with previous studies,
in which prostate cancer patients had elevated phosphate and calcium [24]. Another meta-analysis based
study reported high serum lactate dehydrogenase
levels in prostate cancer patients. Lactate dehydrogenase is a key energy-producing enzyme and potential predictive marker to guide individual therapy
decisions in solid tumors [25]. The results of the present study are similar to those previously reported
studies.
Previous studies have indicated that the life
style of PCa patients plays significant role in the
development of the disease [26]. High-fat diet consumption leads to accumulation of cholesterol and
triglycer ides in adipose tissue [27]. Studies suggest that hypercholesterolemia and dyslipidemia are
among the major causes in the development of obesity and contribute well in the progression of PCa [28].
Dyslipidemia is described as decreased serum HDL,
increased LDL and triglycerides. Study results show
an increased level of cholesterol, LDL, triglycerides
and decreased HDL level indicate dyslipidemia in
PCa patients.
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Fig. 2. Evaluation of growth factors and inflammation maker in PCa and control groups. A, E: Vascular endothelial growth factor (VEGF). B, F: Insulin-like growth factor-1 (IGF-I). C, G: C-reactive protein (CRP). All
values were expressed as mean ± SD. PCa versus control, for all analyses, p < 0.05 was considered statistically significant and designated as ***p < 0.001 in the figure
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Epidemiological and pre-clinical studies suggest that elevated levels of cholesterol could play a
role in PCa progression. Tumors in hypercholestero
lemic environment exhibit lower levels of apoptosis,
increased activation of Akt kinase, related to aggressive PCa and increased vascularization [29-31]. Angiogenesis is important for tumor growth and can
be measured by the level of VEGF, which plays an
important role in the progression of PCa [32]. Our
results show elevated VEGF in the serum of prostate
patients which signifies the importance of VEGF estimation in diagnosis of the disease.
IGF-I is a peptide growth factor and a strong
mitogen for the growth of androgen-dependent and
androgen-independent PCa [33, 34]. Studies suggest
that IGF-I plays an important role in initiation and
progression of PCa. In a normal individual the normal levelof prostate serum antigen controls semen
life [35]. However, the increase in prostate serum antigen level promotes the metastasis of cancer. Previous studies showed that PSA digest the insulin-like
growth factor binding protein 3 (IGFBP-3) hence
releasing the IGF-I [36]. This free IGF has the potential to show its insulin-like properties leading to
enhanced consumption of glucose [37]. Our results
showed that the IGF-I level was significantly higher
in the PCa group.
Oxidative stress is an imbalance between oxidative and anti-oxidative systems of cells and tissues
that results in overproduction of reactive oxygen
species (ROS) [6]. Oxidative stress and chronic inflammation are known to be associated with the development of metabolic diseases and disturbed organ
functions [7, 8]. In the current analysis, we hypothe
sized that oxidative stress may results in renal and
hepatic dysfunction in PCa patients therefore, we
determine the functioning of kidney and liver. Our
results showed disturbed renal (urea, blood urea nitrogen, creatinine) and hepatic function (ALT, AST
and ALP) in PCa patients, which suggests that it may
be due to oxidative stress that triggers hepatic and
renal functional impairment. Oxidative stress status
among the PCa patients was evaluated by measu
ring lipid peroxidation end product MDA [38] and
antioxidant GSH, SOD and catalase status [39]. We
observed increased MDA while reduced GSH, SOD
and CAT levels in PCa patients. Studies suggest that
inflammation is another factor that is associated with
a PCa development [6]. Inflammation can lead to a
dramatic increase in ROS production, which further
damaging tissues. CRP is a marker of systemic in62

flammation. In our study, the serum CRP levels were
found to be higher compared to the normal group
[40].
In conclusion, the present study demonstrates
the importance of multiple parameters (free PSA,
dyslipidemia, VEGF, IGF-1, CRP, and oxidative
stress) for early diagnosis of PCa. Further studies
are required to correlate the therapeutic strategies
for PCa with the combinations of these metabolic
markers.
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1

Рак простати (РП) є однією з основних причин смерті чоловіків у всьому світі. Є декілька
факторів ініціації і розвитку РП. Метою цього дослідження було оцінити різні метаболічні показники в сироватці крові пацієнтів з РП.
У дослідженні брали участь чоловіки у віці 50
років і старше з нещодавно діагностованим РП
(цифрове ректальне дослідження і підвищений
рівень простато-специфічного антигену (PSA) в
сироватці крові). Рівень глюкози і сироваткових
електролітів, активність лактатдегідрогенази,
параметри ліпідного обміну і функцію печінки
та нирок визначали на автоматизованому аналізаторі з використанням стандартних наборів
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реагентів. Окислювальний стрес оцінювали
шляхом вимірювання MDA, CAT, GSH і SOD в
сироватці крові. С-реактивний протеїн (CRP),
інсуліноподібний фактор росту (IGF-1) і судинний ендотеліальний фактор росту (VEGF) виявляли методом імуноаналізу. Показано, що рівні
глюкози і HDL в сироватці крові були нижче, в
той час як рівень загального холестеролу, LDL
і тригліцеролів були значно вище в групі з РП,
ніж у контрольній групі. Пацієнти з РП мали
підвищений рівень функціональних маркерів
печінки і нирок. Порівняння маркерів окисного
стресу в пацієнтів з РП і контрольної групи виявило значну відмінність у показниках. Було виявлено, що рівні CRP, IGF-1 і VEGF у сироватці
крові були значно вище в групі з РП порівняно з
контрольною групою (P < 0,05). Низький рівень
глюкози і дисліпідемія в пацієнтів з РП вказу
вали на метаболічні зміни. Було продемонстровано важливість деяких параметрів (вільний
PSA, дисліпідемія, VEGF, IGF-1, CRP і маркери
окислювального стресу) для ранньої діагностики РП.
К л ю ч о в і с л о в а: рак простати, окислювальний стрес, інсуліноподібний фактор
росту, судинний ендотеліальний фактор росту,
С-реактивний протеїн.
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