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A B S T R A C T

Objectives: Prostate cancer (PCa) is the most common malignancy in men and is 
associated with elevated levels of prostate-specific antigen (PSA). Recently, Glycine 
N-methyltransferase (GNMT) has been recognized for its critical role in sarcosine 
production. Evidence suggests that serum GNMT levels fluctuate in various malignancies, 
including hepatocellular carcinoma, colorectal cancer, and gastric cancer. The current 
study evaluates serum GNMT levels in PCa, benign prostatic hyperplasia (BPH), and 
healthy subjects.

Methods: Serum samples were obtained from 85 adult males (29 PCa patients, 28 BPH 
patients, and 28 healthy participants) referred to Shahid Beheshti Hospital, Babol, and 
Shahid Hasheminejad Hospital, Tehran.

Results: Our findings revealed that PSA levels were significantly higher in the PCa 
group compared to BPH patients and healthy individuals. Additionally, PCa patients 
exhibited higher GNMT levels compared to BPH patients and healthy controls, though 
this difference was not statistically significant. Serum GNMT levels were positively 
correlated with age in the PCa group. In the BPH group, GNMT levels were significantly 
correlated with PSA concentrations.

Conclusion: Serum GNMT levels appear to be elevated in PCa patients; however, further 
research with a larger sample size is necessary to validate these findings.
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             Introduction

P rostate cancer (PCa) is the most common 
malignancy in men and the sixth leading 
cause of cancer-related deaths (1). 
Although PCa typically exhibits slow or 
mild progression in diagnosed patients, at 

the metastatic stage, it is considered the second deadliest 
cancer among men (2). Several risk factors contribute to 
PCa, including age, race, family history, high-fat diet, 
inflammatory disorders, and androgens (3). Various 
diagnostic strategies are employed to detect PCa, such 
as prostate biopsy, PSA (prostate-specific antigen) 
testing, digital rectal examination (DRE), magnetic 
resonance imaging (MRI), and health screening. 
However, these methods are not entirely satisfactory 
due to shortcomings, including the poor sensitivity 
and specificity of PSA testing (4). Early detection of 
PCa significantly improves treatment outcomes, which 
underscores the importance of identifying sensitive 
biomarkers in the early stages of the disease. Although 
extensive research has been conducted on gene and 
protein expression (5, 6), the metabolite changes 
associated with PCa progression remain unclear.
Metabolites, as end products of molecular processes, are 
influenced by the transcriptome, proteome, and genome. 
One of the metabolites identified in PCa is sarcosine, 
which has been found to be significantly elevated in 
urine during PCa progression (7). Sarcosine is derived 
from the methylation of glycine, a reaction catalyzed 
by glycine N-methyltransferase (GNMT)—an enzyme 
highly expressed in the liver, exocrine pancreas, and 
prostate of mammals (8).

GNMT is a multifunctional enzyme that influences 
genetic stability by modulating the ratio of S-adenosyl 
methionine (SAM) to S-adenosyl homocysteine (SAH), 
binding to folate, and interacting with environmental 
carcinogens such as benzo(a)pyrene (9). Given the 
role of GNMT in sarcosine production, evaluating this 
enzyme is essential for controlling PCa invasion (10). 
In this context, Sreekumar et al. demonstrated that 
PCa invasion was reduced when GNMT expression 
was knocked down, highlighting a connection between 
GNMT activity and PCa progression (7). Furthermore, 
the critical role of GNMT in other cancers has been 
widely studied (11, 12). For instance, research has 
shown that GNMT levels are decreased in hepatocellular 
carcinoma (HCC) (13). Additionally, this enzyme 
protects liver cells from environmental toxins by binding 
to carcinogens such as aflatoxin (9). Therefore, in the 
current study, we aim to compare serum GNMT levels 
in PCa patients, benign prostatic hyperplasia (BPH) 
patients, and healthy individuals to further explore its 
potential role in PCa progression.

Methods
Study participants 

Serum samples were collected from 29 men over 
40 years old with previously diagnosed PCa, 28 BPH 
(benign prostatic hyperplasia) patients, and 28 healthy 
participants referred to Shahid Beheshti Hospital 
(Babol) and Shahid Hasheminejad Hospital (Tehran). 
Healthy individuals were those who attended their 
annual checkup, had normal serum PSA levels, and 
exhibited no abnormal clinical symptoms upon expert 
physician examination. Additionally, they showed no 
abnormalities in digital rectal examinations (DRE). BPH 
patients were referred to a physician due to associated 
symptoms, and their diagnosis was confirmed via serum 
PSA levels, DRE, transrectal ultrasonography (TRUS), 
and prostate tissue biopsy tests. All cancer patients, 
who had no metastatic disease, were diagnosed based 
on PSA levels (>4 ng/mL) and prostate tissue biopsy 
confirmation. These patients had not received any 
therapy, such as surgery, preoperative radiotherapy, 
or chemotherapy. There were no underlying medical 
conditions, such as thyroid diseases or diabetes, among 
participants in the three groups. Prior to blood sample 
collection, each participant provided written informed 
consent. This study was approved by the Ethics 
Committee of Babol University of Medical Sciences 
(IR.MUBABOL.HRI.REC.1398.251).

Serum collection
From each individual, a 5ml blood sample was 

taken, then the serum of the blood samples was 
immediately separated and stored at -20˚C until further 
analysis. Moreover, the demographic information on 
the participated subjects, including age, weight, height, 
smoking, history of the disease and clinic pathological 
features such as serum PSA level, TNM stage, and 
Gleason score received. The BMI of subjects calculated 
by following equations; BMI = Weight (kg)/ Height2 (m2).

Assessment of serum level of GNMT enzyme
ELISA technique (Zell Bio Company Lot number: 

ZB-15159C-H9648) was used to measure the level of 
GNMT enzyme in the serum of the subjects. Prior to the 
assay, all samples were gradually defrosted and mixed 
using a Vortex. Afterward, standards were diluted in 
accordance with the kit’s protocol (with concentrations: 
0 / 0.312 / 0.625 / 1.25 / 2.5 / 5 and 10 ng/ml). After 
preparing standard solutions, 50 μL of each standard 
were added to distinct wells. Then 40μL of serum 
sample, 10 μL of GNMT antibody and 50 μL of HRP 
(horseradish peroxidase) were added and incubated 
at 37 ℃ for 60 min. After incubation, the wells were 
washed 4 times to remove unbound enzymes. Then 100 
μl of TMB substrate or chromogen was added to each 
well, and again the plates were incubated at 37 ℃ for 10 
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minutes. Next, the color of the solution turned to blue, 
and after adding the stop solution, it changed to yellow. 
Finally, the amount of the target enzyme (GNMT) was 
determined by reading the solution’s optical density 
(OD) at 450 nm.

Statistical analysis
SPSS version 20.0 (IBM Corporation, Armonk, 

NY, USA) and GraphPad Prism version 6 (GraphPad 
Software Inc., San Diego, CA, USA) were used for 
statistical analysis. All data are presented as mean ± 
SEM. Statistical significance was determined using 
one-way analysis of variance (ANOVA), followed by 
Tukey’s post hoc test.

Results
The purpose of this study was to compare serum 

levels of GNMT enzyme and PSA among PCa patients, 
BPH patients, and healthy individuals. To achieve this, 
GNMT enzyme and PSA levels were evaluated using 
an ELISA assay. The demographic information of the 
study participants is provided in Table 1. There were no 
significant differences in age or BMI among the three 
groups.

Comparison of serum levels of GNMT and PSA 
among PCa, BPH patients and healthy individuals

The results of the ELISA assay demonstrated that 
PSA levels were significantly higher in the PCa group 
compared to BPH patients and healthy individuals. In 
contrast, serum PSA levels did not show a significant 
difference between the BPH group and healthy subjects; 
however, BPH patients exhibited higher PSA levels 
compared to healthy individuals. Additionally, as 
shown in Figure 2, patients with PCa had higher GNMT 
levels than BPH patients and healthy controls, but this 
difference was not statistically significant. 

Correlation between serum levels of GNMT enzyme 
with other parametrs in PCa, BPH and healthy subject

As presented in Table 2, serum GNMT levels 
were positively correlated with age in the PCa group. 

Furthermore, our findings demonstrated that, in the BPH 
group, GNMT levels were significantly correlated with 
PSA concentrations.  

Discussion
Prostate cancer (PCa) is a highly prevalent 

malignancy with a significant mortality rate among men 
(14). Therefore, research in this field is essential for 
early diagnosis and improved treatment. Several studies 
have identified PSA as a key diagnostic biomarker 
for PCa (15, 16). Consistent with these findings, our 
study also demonstrated a significant elevation in PSA 
levels in PCa patients compared to control groups. 
However, the use of PSA alone as a diagnostic marker 
for PCa screening remains challenging (14), primarily 
due to its limitations, such as low sensitivity (17).  
Additionally, studies indicate that PSA levels do 
not provide accurate information regarding the 
aggressiveness of PCa (18). As a result of these 
shortcomings, further research into PCa diagnostics 
has been actively pursued (19, 20). Apart from PSA, 
the GNMT enzyme, which is highly expressed in the 
prostate, liver, and exocrine pancreas, plays an important 
role in PCa invasion (8, 10, 21). 

GNMT is an enzyme that forms sarcosine and 
S-adenosyl-L-homocysteine by removing a methyl 
group from S-adenosyl-L-methionine and transferring it 
to glycine. As a result, it can be said that this enzyme 
clears methionine in mammals (22). A study showed that 
sarcosine, a byproduct of GNMT, induces the malignancy 
of bladder urothelial cancer (BUC). Additionally, the 
muscle-invasive bladder carcinoma (MIBC) and distant 
metastases of this disease may also be predicted by 
its urine concentration (23). Furthermore, a number 
of chronic liver disease manifestations, such as Non-
alcoholic fatty liver disease (NAFLD), cholestasis, 
cirrhosis, and liver cancer, have been associated to the 
down regulation of GNMT (24, 25). Additionally, an 
investigation revealed that this enzyme promotes the 
beta-oxidation of fatty acids and that GNMT regulation 
contributes to the amelioration of fatty liver disease 
(26). Moreover, the importance of GNMT in PCa was 

Table1. Comparison of demographic characteristics of the studied groups 
 

P-value Healthy group 
n=28 

BPH group 
n=28 

PCa group 
n=29 Variables 

0.23 66.3±8.1 67.6±9.7 67.3±8.5 Age (Year) 
0.848 25.32 ± 4.61 25.11 ± 3.13 25.65 ± 2.79 BMI(kg/m2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table1. Comparison of demographic characteristics of the studied groups

Table 2. Correlation between the serum level of GNMT enzyme and parameters in PCa, BPH and healthy subjectsTable 2. Correlation between the serum level of GNMT enzyme and parameters in PCa, BPH and healthy subjects 
 

Variables Healthy group 
n=28 

BPH group 
n=28 

PCa group 
n=29 

Age (Year) 0.71* 0.33 -0.09 
BMI (Kg/m2) 0.16 0.08 -0.41 

PSA 0.09 0.67* 0.04 
The data in the table are the Pearson correlation coefficient (r) between GNMT enzyme with age, BMI and PSA level. * P.value<0.05 
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also investigated in various studies. In these studies, 
increased expression of GNMT was observed in PCa 
cells compared to normal prostate epithelial cells. It has 
also been reported that sarcosine, a product of GNMT, is 
a possible marker of aggressive PCa. And, this enzyme 
promotes a number of carcinogenic characteristics in 
PCa cells (7, 27).

The present study demonstrated that GNMT levels 
were higher in PCa patients compared to BPH patients 
and healthy individuals; however, this difference did 
not reach statistical significance. Consistent with a 
previous study showing increased GNMT expression 
in PCa patients, our findings also indicate elevated 
GNMT levels, although the increase was not statistically 
significant, potentially due to sample size limitations 
(28). Similarly, in vivo results support the positive role 
of GNMT enzyme in PCa invasion. While our study also 

reported elevated GNMT expression in PCa patients, 
the lack of statistical significance may be attributed to 
study limitations (29). Furthermore, in agreement with 
our findings, previous research indicated that sarcosine, 
a byproduct of GNMT, is not a reliable marker for 
PCa detection in urine sediments (30). However, the 
measurement of urine sarcosine and its associated 
metabolites has been shown to be useful in early 
PCa detection. In line with these findings, our study 
demonstrated GNMT elevation, Nonetheless, the lack 
of significance may be due to failure to assess enzyme 
activity (31, 32). Interestingly, plasma sarcosine levels, 
as measured by gas chromatography-mass spectrometry, 
were found to be higher in PCa patients than in BPH 
patients. Consistent with this result, our study observed 
higher GNMT enzyme levels—an enzyme responsible 
for sarcosine production—in PCa patients compared 

 
                                                            Group 
Figure 1. Comparison of PSA serum levels in the PCa, BPH and healthy subjects. *** 
P.value<0.001 
  

Figure 1. Comparison of PSA serum levels in the PCa, BPH and healthy subjects. *** P.value<0.001

 
 
 
 
 

 
Figure 2. Comparison of serum concentration of GNMT in the group of PCa, BPH and healthy 
subjects.  

Figure 2. Comparison of serum concentration of GNMT in the group of PCa, BPH and healthy subjects
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to other groups, but this increase was not statistically 
significant (33). 

Conclusion
In summary, our study demonstrated higher level 

of GNMT enzyme in PCa patients compared to healthy 
and BPH patients, however, it was not statistically 
significant. So, further studies are needed to clarify 
whether GNMT is significance in detection and better 
therapy of PCa.
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