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Abstract: Prostate-specific antigen (PSA) and its derivatives are some  of  the most commonly used serum 

biomarker for the detection of prostate disorders in high risk populations.However, there are controversies 

regarding their clinical usefulness and benefits. In the current work, we aimed to evaluate serum level of 

sarcosine and these PSA derivatives  in 150  prostate cancer (PCa)  patients and 200 matched controls in our 

localities.Results showed  serum sarcosine concentration of  64.94±0.81nmol/dl and  134.13±2.21nmol/dl, total  

PSA of  2.75±0.22ng/ml    and 33.09±2.78 22ng/ml , f PSA of 0.72±0.03 22ng/ml    and 3.65±0.21, 22ng/ml    

Complexed  PSA of  0.72±0.0322ng/ml    and   29.54±2.6622ng/ml  , free PSA of  0.72±0.0322ng/ml      and 

3.65±0.2122ng/ml    , percentage free PSA of  2.93±0.21% and 14.77±0.68 %, percentage complexed PSA of 

70.38±0.91%and 85.24±0.65%, free PSA/complexed PSA ratio of 0.48±0.02 and 0. 18±0.01, free PSA/total PSA 

ratio of 0.48±0.23 and 0.19±0.11, complexed PSA/ total PSA ratio of 0.70±0.01 and 0.85±0.0 in controls and 

PCa patients respectively. We observed that,  group differences  in the values of all the   analytes studied  were 

signicant (p˂ 0.05), hence  we conclude that serum sarcosine and PSA derivatives  may be useful markers  in 

the diagnosis of Pca  patients in our localities. 
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I. Introduction 
Prostate cancer is the second leading cause of cancer-related death in men

1
 and several factors present 

challenging obstacles in developing successful therapeutic modalities and screening tools for its correct 

detection and treatment
2
. Malignant prostate cells progress through a series of genetic and epigenetic changes 

leading to aberrant proliferation, angiogenesis, evasion of  apoptosis and  metastasis to secondry sites
3
 Between 

2001 to 2002, the proportion of  black patients presenting with high, intermediate and low risk disease in the 

US,  changed  to 14.8%, 37.5% and 47.7% respectively
4
. 

As  Prostate cancer progression is reported to  involve activation of many  signaling pathways ,  intense 

research efforts to identify serum and tissue biomarkers will expand the opportunities to understand these  

functional activation of cancer related pathways and consequently lead  to correct diagnosis and therapeutic 

interventions 
5
.Just like fingerprint is unique to each person, cancer cells lines exhibit signature proteins 

pathways, differentiating them from surrounding tissues and other tumors. When these molecular signatures are 

determined, an individual cancer can be definitely identified, assigned expected pattern of disease progression 

and therapeutically targeted
6
, hence the rationale  for our study. 

Sarcosine, an N-methyl derivative of the amino acid glycine, was identified as a differential metabolite 

that was highly increased during prostate cancer progression to metastasis and can be detected non-invasively in 

urine. Sarcosine levels were also increased in invasive prostate cancer cell lines relative to benign prostate 

epithelial cells. Knockdown of glycine-N-methyl transferase, the enzyme that generates sarcosine from glycine, 

attenuated prostate cancer invasion. Addition of exogenous sarcosine or knockdown of the enzyme that leads to 

sarcosine degradation, sarcosine dehydrogenase, induced an invasive phenotype in benign prostate epithelial 

cells
7
.Since the introduction of serum prostate-specific antigen (PSA) screening 25 years ago, prostate cancer 

diagnosis and management have been guided by this biomarker. Yet, PSA has proven controversial as a 

screening assay owing to several inherent limitations. The next wave multiple prostate cancer biomarkers has 

emerged, introducing new assays in serum and urine that may supplement or, in time, replace   single PSA 

estimation  because of their higher cancer specificity
8
.The development of biomarkers to stratify risk of prostate 

cancer aggressiveness at the time of screening remains the greatest unmet clinical need in prostate cancer. We 

reveal here, that serum sarcosine  and  other PSA derivatives can be  potentially important metabolic 

intermediaries in patients with  prostate cancer. 
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II. Materials And Methods 
One hundred and fifty (150) Pca patients aged 30-90 years, from the Urology Unit, Usmanu Danfodiyo 

University Teaching Hospital Sokoto, Nigeria ,who had undergone Transrectal Ultra Sonography (TRUS), 

Digital Rectal Examination (DRE), and/or histologically confirmed and diagnosed to have either prostate cancer 

were recruited in the study. Two hundred(200) Control subjects, who were apparently healthy volunteers from 

among the staff in the hospital and other volunteers were also recruited in the study. Informed consent from all 

the participant and institutional ethical approval was obtained. Serum  sarcosine was measured by the 

Colourimetric  method 
9
 ( BioVision Research Products, 980 Linda Vista Avenue, Mountain View, CA 94043 

USA. ).Total and free Prostate Specific Antigen (tPSA,fPSA) was estimated by Elisa method
10

 while  the 

remaining PSA derivatives were calculated mathematically.The data were analysed statistically for the 

diagnostic performance of the parameters in PCa patients using Anova, T-test and ROC curves in SPSS package 

version 17 

 

III. Results 

Results of the current work are shown on tables 1 to 3 and figures 1to 3. Table 1 shows  mean values of 

serum sarcosine in patients and controls, table 2. mean values of some clinical parameters in patients and 

controls ,while table 3 shows  mean values of PSA ratios in  patients and controls. Figure 1 shows ROC Curve 

for total PSA, free PSA and Blood Sarcosine for the prostate cancer group, Figure2 shows ROC Curve for total 

PSA, Complexed  PSA and Blood Sarcosine fo  the cancer group in PSA range 0-10ng/ml while Figure 3 shows 

ROC Curve for total PSA, free PSA and Blood Sarcosine for the Cancer group in PSA range 0-10ng/ml. 

 Both tables and figures are showing a significant difference (p<0.05 ) between the values observed in Pca 

patients and control subjects in all the analytes studied. These may indicate the usefulness of these biomarkers in 

prostate cancer state. 

 

IV. Discussion 

Prostate cancer (PCa) is the second most frequently diagnosed cancer and the sixth leading cause of 

cancer deaths in males, accounting for 14% of the total new tumor cases and 6% of the total male cancer deaths 

in 2008
1
. Currently, early detection of PCa relies primarily on an abnormal digital rectal examination (DRE) and 

an elevated prostate-specific antigen (PSA) level leading to a prostate biopsy. However, because of the low 

specificity of PSA, up to 75% of men with PSA levels of 2–10 ng/ml and/or a suspicious DRE have a negative 

first biopsy
11

. In order to reduce the number of unnecessary biopsies, many probability-based algorithms have 

been developed, based on additional relevant prebiopsy information like the use of different molecular forms of 

PSA such as free  and total PSA (fPSA ,t PSA) and other PSA derivatives
12,13

. 

In the current work, we report for the first time, serum level of sarcosine in patients with prostate 

cancer in our environment and surprisingly, this biomarker significantly differentiate our Pca patients from 

controls. Elsewhere, it was reported that, sarcosine was significantly increased during disease progression from 

benign to PCa to metastatic disease, and was detectable in urine also
14

, reported that  when the analysis was 

restricted to patients with PSA values in the grey zone of 2–10 ng/ml, sarcosine  performed better than PSA in 

differentiating biopsy-positive PCa patients from biopsy negative controls, with an AUC of 0.69 as compared to 

an AUC of 0.53 for PSA. Regardless of the specimen type, sarcosine was significantly higher in PCa patients 

than in controls, thus, sarcosine seems to have the potential to identify patients with PCa in a particular cohort of 

low range PSA subjects
14

 

In the current work also, we were able to show for the first time, the diagnostic potentials of some 

hitherto, not reported PSA derivatives in our laboratories. Serum levels of total, free, complexed, percentage 

complexed and percentage free PSA are all significantly higher in our Pca patients than in controls.Additionally, 

calculated values of free to total, free to complexed  and complexed to total ratios were significantly higher in 

the Pca patients than controls. Currently, %fPSA is approved for use to improve PSA accuracy in men
6
. 

There has been a great deal of investigation aimed at improving the accuracy of PSA-based screening. 

Adjunctive measurements considering the rate of PSA changes with time, the ratios of free and proteinbound 

PSA, and the relationship of PSA to prostate size have improved performance characteristics in some settings
15

. 

Several nomograms combining PSA with other clinical variables have also been developed to improve 

prognostic value beyond that of individual tests
16

 

Clinical significance of  these PSA derivatives has been reported elsewhere. Serum PSA circulates in 

either an unbound “free” form or bound to one of several proteins, most frequently alpha-1-antichymotrypsin 

(ACT)
17

. Levels of free PSA (fPSA) can be detected and compared to total PSA, yielding the proportion of free 

PSA (%fPSA). Studies have  also shown that men with the highest proportions of complexed PSA are more 

likely to have prostate cancer
18

 and that %fPSA is lower in men with prostate cancer as compared to benign 

prostatic hyperplasia (BPH), hence these derivatives also have differential diagnosis value
19

. Thus, %fPSA 

showed promise in distinguishing malignant from benign prostate disease.   
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Is worthy to note, proliferating cancer cells exhibit considerably different metabolic requirements to most 

normal differentiated cells, and In order to support their high rates of proliferation, cancer cells consume 

additional nutrients and divert those nutrients into other synthesis pathways probably sarcosine,  PSA  and its 

derivatives. High-throughput analysis of these metabolites offers a new tool for diagnosis and treatment. 

Comprehensive analysis of the complete set of these intermediates and metabolic products
20

.can be used to 

characterize the „„metabolic fingerprint‟‟ of a tumor as attempted in this study, and identify novel biomarkers 

that may be potentially useful for early diagnosis and monitoring therapeutic efficacy. 

In conclusion, we provide evidence that serum sarcosine and other PSA derivatives, may have 

additional  predictive value to  PSA . Even if these results are  regarded as preliminary, serum sarcosine in 

association with other tumor markers, such as PSA derivatives could have an important role in PCa diagnosis 

and increasing the accuracy of its detection. Series of comprehensive blinded validation studies are warranted to 

confirm the utility of these biomarkers. 
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Table 1. Mean values of serum sarcosine (mean±SEM) in patients and controls 

 

 

 

 

 

 

 

n = sample size   

SEM = standard error of mean, 

PCa = Prostate cancer 

P – value =significant  

Subjects N Blood sarcosine (nmol/dl) 

PCa 150 134.13±2.21 

Controls 200 64.94±0.81 

F  91.905 (72.782) 

p-value  <0.01 

PCa vs Control  <0.05 
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Table 2. Mean values of some clinical parameters (mean±SEM) in patients and controls 
Subjects N tPSA (ng/ml) fPSA (ng/ml) CPSA (ng/ml) % fPSA % cPSA 

PCa 150 33.09±2.78 3.65±0.21 29.54±2.66 14.77±0.68 85.24±0.65 

Controls 200 2.75±0.22 0.72±0.03 0.72±0.03 2.93±0.21 70.38±0.91 

F  16.767 

(22.340) 

22.189 (16.767) 15.772 

(21.117) 

13.627 

(11.441) 

21.117 

(11.441) 

p-value  <0.01 <0.1 <0.01 <0.01 <0.01 

PCa Vs Control  <0.05 <0.05 <0.05 <0.05 <0.05 

 

n = sample size    

SEM = standard error of mean 

PCa = Prostate cancer 

tPSA = total prostate specific antigen 

 fPSA = free prostate specific antigen 

CPSA = complexed prostate specific antigen 

P value = Significant  

 

Table 3.  Mean values of PSA ratios (mean±SEM) in  patients and control 
Subjects N fPSA/cPSA fPSA/tPSA cPSA/tPSA 

PCa 150 0. 18±0.01 0.19±0.11 0.85±0.01 

Controls 

F 

200 

 

0.48±0.02 

5.758 (6.856) 

0.48±0.23 

8.693 (7.306) 

0.70±0.01 

11.441 (13.627) 

p-value PCa vs 
Control 

 <0.01 
          <0.05 

<0.01 
          <0.05 

<0.01 
           <0.05 

 

n = sample size  

SEM = standard error of mean 

PCa = Prostate cancer 

tPSA = total prostate specific antigen 

fPSA = free prostate specific antigen 

cPSA = complexed prostate specific antigen 

P – value:  significant  

 

 
Fig 1.ROC Curve for total PSA, free PSA and Blood Sarcosine for the prostate cancer group 

PSA = Prostate Specific antigen 
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Fig.2.ROC Curve for total PSA, Complexed  PSA and Blood Sarcosine for  

the cancer group in PSA range 0-10ng/ml 

 

PSA = Prostate Specific antigen 

PCa= Prostate Cancer 

 

 
Fig 3.ROC Curve for total PSA, free PSA and Blood Sarcosine for the Cancer   

             group in PSA range 0-10ng/ml 


