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A B S T R A C T

Objectives: Early detection of prostate disease is crucial, yet current diagnostic methods 
have limitations. The S100P protein and saliva sampling present potential non-invasive 
diagnostic options. This study aimed to evaluate S100P and PSA as biomarkers for 
prostate cancer (PC) and to differentiate PC from benign prostatic hyperplasia (BPH). 
Additionally, it examined the suitability of saliva as a diagnostic medium for prostate 
disease.

Methods: This case-control study included 100 Iranian men aged 50 to 65 years, divided 
into two groups: 50 men with PC and 50 men with BPH. Serum and saliva samples were 
collected from each participant after obtaining informed consent. Serum and salivary 
PSA and S100P levels were measured using ELISA kits. The Mann–Whitney U test, 
Spearman’s correlation coefficients, and receiver operating characteristic (ROC) analysis 
were applied to evaluate the data.

Results: Salivary and serum PSA and S100P levels were significantly higher in men 
with PC than in those with BPH (P < 0.001). A strong positive correlation was observed 
between serum and salivary levels of both biomarkers in both groups (P < 0.001). ROC 
curve analysis indicated that salivary PSA and S100P levels could effectively distinguish 
PC from BPH.

Conclusion: Salivary PSA and S100P show promise as non-invasive biomarkers for PC 
detection and differentiation from BPH. Further research with larger cohorts is needed to 
validate these findings and confirm the clinical utility of salivary PSA and S100P in PC 
and BPH diagnosis and management.
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             Introduction

P rostate cancer (PC) is a significant global 
health concern, ranking as the second most 
common cancer in men. In the United States 
alone, an estimated 288,300 new cases 
and 34,700 deaths occurred in 2023 (1). 

While PC can be life-threatening, most men diagnosed 
with it do not die from it. The 5-year relative survival 
rate for localized prostate cancer is nearly 100%, but 
it drops to 31% for metastatic cases (2). Treatment 
options vary depending on disease stage and risk, 
including active surveillance, surgery, radiation therapy, 
hormone therapy, chemotherapy, and immunotherapy. 
Early detection is critical for successful treatment and 
improved survival rates (3). 
Current diagnostic methods, such as the digital 

rectal exam (DRE), prostate-specific antigen (PSA) 
testing, and biopsy, have limitations that may lead to 
overdiagnosis and overtreatment (4). Benign prostatic 
hyperplasia (BPH) is another common condition in 
older men, characterized by prostate enlargement and 
associated lower urinary tract symptoms (5). BPH affects 
approximately 50% of men aged 51–60, with prevalence 
increasing to 90% in men over 80 (6). Because BPH can 
mimic PC symptoms, diagnosis is often challenging. 
The need for more accurate and non-invasive diagnostic 
tools for prostate cancer is evident to ensure appropriate 
management and improve patient outcomes (7).  
S100P is a member of the S100 family of calcium-

binding proteins and plays a crucial role in various 
cellular processes, including cell growth, differentiation, 
and apoptosis (8). In the context of PC, S100P has 
garnered significant attention due to its potential as a 
non-invasive biomarker and therapeutic target. Studies 
have shown that S100P can promote cancer cell growth 
and proliferation, contribute to angiogenesis (the 
formation of new blood vessels), facilitate metastasis 
(the spread of cancer), and even contribute to treatment 
resistance (9).
The mechanisms by which S100P exerts these effects are 

complex and involve interactions with various signaling 
pathways and molecules within the cell. For instance, 
S100P can activate the receptor for advanced glycation 
end products (RAGE) signaling pathway, leading to 
increased cell growth, survival, and inflammation (10, 
11). Additionally, S100P interacts with other proteins, 
such as matrix metalloproteinases (MMPs), which are 
involved in the breakdown of the extracellular matrix and 
contribute to cancer cell invasion and metastasis (12). 
The presence of S100P in biological fluids, including 
serum and saliva, has opened up the possibility of using 
it as a non-invasive biomarker for detecting prostate 
disease (13). This is particularly important given that 
current diagnostic methods, such as prostate biopsy, are 
invasive and carry potential complications.   
Saliva has emerged as a promising diagnostic medium. 

It contains various proteins, nucleic acids, and other 
molecules that reflect physiological and pathological 
changes in the body, including the presence of cancer 
(14). Using saliva for diagnostics offers several 
advantages, such as non-invasive collection, ease of 
repeated sampling, and potential for point-of-care 
testing (15). Saliva-based tests have shown promise in 
detecting various cancers, including oral, breast, and 
pancreatic cancers, as well as other diseases like HIV 
and Sjögren’s syndrome (16). The diagnostic potential 
of saliva extends beyond cancer, with ongoing research 
exploring its use in monitoring therapeutic drug levels, 
assessing hormonal imbalances, and detecting early 
signs of oral diseases (17). 
To our knowledge, no study has examined the 

measurement of S100P in both serum and saliva of 
individuals with prostate disease. Therefore, this study 
investigates PSA and S100P levels in serum and saliva 
of patients diagnosed with PC and BPH. The primary 
objective is to evaluate S100P as a potential non-
invasive biomarker for distinguishing PC from BPH. 
Additionally, this study aims to explore the correlation 
between S100P levels in serum and saliva.
The findings of this research have the potential to 

significantly advance our understanding of S100P in 
the context of prostate diseases and contribute to the 
development of novel diagnostic strategies. These 
advancements could enable earlier detection, facilitate 
more effective treatment decisions, and ultimately 
improve patient outcomes.

Materials and Methods

Participants

This case-control study included 100 Iranian men 
between the ages of 50 and 65. The participants were 
divided into two groups: a prostate cancer (PC) group with 
50 men and a benign prostatic hyperplasia (BPH) group 
with 50 men. The men were recruited from Khansari 
Hospital in Arak, Iran.  All participants provided written 
informed consent, and the study protocol was approved 
by the ethics committee of Arak University of Medical 
Sciences (ethics permission number IR.ARAKMU.
REC.1398.218).

Eligibility Criteria

After the invitation and voluntary expression of 
individuals to participate in the study, to ensure 
the integrity of our study and minimize potential 
confounding factors, we carefully selected participants 
based on the following criteria:

Inclusion criteria for the PC group

I. Age: 50 to 65 years. This age range was chosen to 
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focus on men at higher risk for PC while allowing for a 
wider range of participants.
II. Histological Confirmation: Only patients with a 

histologically confirmed diagnosis of PC were included 
to ensure accuracy.
III. Treatment Status: Patients who had not received 

any prior treatment for PC, including chemotherapy, 
radiotherapy, or surgery, were eligible. 
IV. General Health: Participants were required to be free 

of other malignant diseases, infections, and oral/dental 
diseases to minimize potential confounding factors.

Inclusion criteria for the BPH group

I. Age: 50 to 65 years. The same age range was used for 
both groups to ensure comparability.
II. Histological Confirmation: A histologically 

confirmed diagnosis of BPH was required for inclusion 
in this group.
III. Disease History: Participants with a history of 

malignant neoplasms or infections were excluded to 
minimize confounding factors.
IV. Oral Health: Participants were required to be free 

of oral/dental diseases to ensure that these conditions did 
not influence the salivary biomarkers.

Exclusion Criteria for Both Groups

I. Significant Comorbidities: Individuals with 
significant systemic diseases or salivary gland disorders 
were excluded to minimize potential confounding effects 
on the study results.
II. Prior Cancer Treatment: Participants with a 

history of cancer treatment, including chemotherapy or 
radiotherapy, were excluded to avoid potential influences 
on the biomarkers.
III. Metastatic Disease: Patients with metastatic PC 

were excluded to focus on localized disease and its 
impact on the biomarkers.

Blood and Saliva Specimen Collection

General participant characteristics were collected for 
ethical reasons. A 5 mL sample of whole blood was 
drawn from a peripheral vein of each participant. The 
blood was allowed to clot in a clean glass tube for 30 
minutes at room temperature. Blood specimens were 
then centrifuged at 3,000 rpm for 5 minutes to obtain 
serum, which was stored at -70°C until analysis.
Unstimulated saliva was collected by instructing each 

participant to clean their lips and refrain from drinking, 
eating, smoking, or performing oral hygiene procedures 
for two hours prior to collection. Participants rinsed their 
mouths with plain water and sat for five minutes before 
providing a 5–10 mL saliva sample. Saliva specimens 
were centrifuged at 3,000 rpm for 10 minutes to obtain 
supernatant, which was stored at -70°C until analysis.

Analysis of Salivary and Serum PSA and S100P

Serum and salivary concentrations of PSA and S100P 
were measured using a sandwich enzyme-linked 
immunosorbent assay (ELISA) kit according to the 
manufacturer’s instructions. The kits were designed to 
quantify PSA and S100P concentrations in biological 
fluids, including serum, saliva, cell lysate, and urine.
Briefly, samples and standards (100 μL) were incubated 

in the wells for 2.5 hours. After incubation, the wells were 
washed four times with a washing buffer. Subsequently, 
100 μL of biotinylated antibody was added to each 
well and incubated for 1 hour. The wells were washed 
again four times, followed by the addition of 100 μL of 
streptavidin, which was incubated at room temperature 
for 45 minutes with shaking. After another round of four 
washes, 100 μL of TMB One-Step substrate reagent 
buffer was added to each well and incubated for 30 
minutes at room temperature with shaking. Finally, 50 
μL of stop solution was added, and absorbance was 
measured at 450 nm using an ELISA reader (ELX 800 
TM; BioTek Instruments, Inc.).

Statistical Analysis

Descriptive information was analyzed using Fisher’s 
exact test and Pearson’s chi-squared test. The D’Agostino 
test was used to assess the normality of data distribution. 
The Mann–Whitney U test was employed to compare the 
means (SEMs) of saliva and serum parameters between 
the two groups. Spearman’s correlation coefficient was 
calculated to determine the relationship between serum 
and salivary parameters.
Receiver operating characteristic (ROC) curve analysis 

was performed to evaluate the diagnostic potential of 
salivary PSA and S100P concentrations compared to 
serum for distinguishing PC from BPH. Cutoff values 
were determined based on the best trade-off between 
sensitivity and specificity. The overall performance of 
the test was assessed by calculating the total area under 
the ROC curve (AUC). A p-value of less than 0.05 was 
considered statistically significant.
Statistical analyses were conducted using GraphPad 

Prism (version 10.00; GraphPad Software) and MedCalc 
(version 23.1.6; MedCalc Software).

Results

Demographic Information

The groups (PC group: 53.64 ± 3.32, BPH group: 54.11 
± 4.12) did not significantly differ in terms of age (P > 
0.05). Also, both groups (PC group: 21.1 ± 0.3, BPH 
group: 21.8 ± 0.2) were well matched, with no significant 
difference between them in terms of their body mass 
index (BMI). 12% of the PC and 16% of the BPH groups 
had a certain level of higher education. 44% of the PC 
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group and 18% of the BPH group had an intermediate 
level education. Also, 64% of the PC group and 68% 
of the BPH group had a primary school level.   In the 
PC group, 40% of individuals were current smokers, 
while in the BPH group, 30% were current smokers. 
All individuals in both groups were married, and none 
reported daily alcohol consumption.

PSA and S100P concentrations in saliva and serum

The mean serum PSA concentrations were significantly 
higher in the PC (8.3 ± 1.1) group than in the BPH (2.3 ± 
1.2) group (P<0.001). Salivary PSA concentrations were 
significantly higher in the PC (3.8 ± 0.2) group than in 
the BPH (1.1 ± 0.3) group (P<0.001).  Also, Elevated 
levels of S100P were observed in both serum and saliva 
samples from the PC (serum S100P: 24.3 ± 1.1, salivary 
S100P: 10.2 ± 0.4) group compared to the BPH (serum 
S100P: 8.4 ± 0.6, salivary S100P: 2.7 ± 0.2) group, with 
a statistically significant difference (P<0.001).   

Correlation between salivary and serum PSA, S100P 
concentrations in the groups

The Spearman correlation coefficients showed a 
significant positive correlation between the serum and 
salivary PSA (PC group: r= 0.88, BPH group: r= 0.75) 
and S100P (PC group: r= 0.82, BPH group: r= 0.71) 
concentrations in both groups (P<0.05), Table 3.   

ROC Curve Analysis Results

We performed ROC curve analysis to assess the 
diagnostic potential of salivary PSA and S100P 
compared with serum PSA and S100P, Table 4.   The 
area under the ROC curve (AUC) for PSA was 0.954 
(95% CI, 0.77-0.93), with a sensitivity of 95% and a 
specificity of 90% at a cutoff value of 0.5 ng/mL. The 
AUC for S100P was 0.928 (95% CI, 0.75–0.90), with a 
sensitivity of 90% and a specificity of 85% at a cutoff 
value of 7.1 ng/mL.   

1 
 

Table-1: The demographic characteristics of the study groups. 
 

Characteristic a PC Group b BPH Group P-value c 
Age (years, mean ± SEM) 53.64 ± 3.32 54.11 ± 4.12 0.70 
BMI (kg/m², mean ± SEM) 21.1 ± 0.3 21.8 ± 0.2 0.90 

Education Level (%) 
- High School 
- Intermediate 
- Primary School 

6 (12%) 8 (16%) 
 

22 (44%) 18 (36%) 

32 (64%) 34 (68%) 
Smoking (%) 20 (40%) 15 (30%) 0.40 
Marital Status (married) (%) 50 (100%) 50 (100%) >0.99 
Alcohol Use (%) 0 (0%) 0 (0%) >0.99 

PC, prostate cancer; BPH, benign prostatic hyperplasia; BMI, body mass index. a The Fisher exact and Pearson χ 2 tests were used to analyze the 
demographic information.b n = 50. c P <0.05 was considered as statistically significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 1. The demographic characteristics of the study groups.

2 
 

Table-2: The results of salivary and serum concentrations of PSA and S100P 
 

Variable a PC Group (mean ± SEM) b BPH Group (mean ± SEM) b P-value c 
Serum PSA (ng/mL) 8.3 ± 1.1 2.3 ± 1.2 <0.001 
Salivary PSA (ng/mL) 3.8 ± 0.2 1.1 ± 0.3 <0.001 
Serum S100P (ng/mL) 24.3 ± 1.1 8.4 ± 0.6 <0.001 
Salivary S100P (ng/mL) 10.2 ± 0.4 2.7 ± 0.2 <0.001 

PC, prostate cancer; BPH, benign prostatic hyperplasia; PSA, prostate-specific antigen; S100P, S100 calcium-binding protein P. a The normal 
distribution of data was assessed using the D’Agostino test. The Mann-Whitney U test was employed to calculate and compare the means of data. 
b n = 50. c P <0.05 was considered statistically significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 2. The results of salivary and serum concentrations of PSA and S100P

3 
 

Table 3. The results of correlation between salivary and serum concentrations of PSA and S100P. 
 

Variable a Spearman's Correlation Coefficient (r) b P-value c 
PSA (PC group) 0.88 <0.01 
PSA (BPH group) 0.75 0.02 
S100P (PC group) 0.82 <0.01 
S100P (BPH group) 0.71 0.01 

PC, prostate cancer; BPH, benign prostatic hyperplasia; PSA, prostate-specific antigen; S100P, S100 calcium-binding protein P. b Spearman 
correlation coefficients was used to determine the relationship between serum and salivary PSA and S100P. c P <0.05 was considered to be 
statistically significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 3. The results of correlation between salivary and serum concentrations of PSA and S100P.
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Discussion

Early detection of prostate disease is crucial for 
reducing mortality (18), emphasizing the need for 
effective diagnostic markers in serum and saliva (19). 
This study investigated PSA and S100P levels in the 
serum and saliva of men with PC and BPH. The findings 
revealed significantly elevated salivary and serum PSA 
and S100P levels in men with PC compared to those 
with BPH. Additionally, the results demonstrated a 
significant positive correlation between serum and 
salivary levels of both PSA and S100P. These findings 
suggest that salivary PSA and S100P measurements may 
offer comparable sensitivity and specificity to serum 
PSA and S100P levels in distinguishing PC from BPH. 
Traditionally recognized for its role in digestion and 

oral health, saliva has emerged as a promising diagnostic 
medium due to scientific and technological advancements 
(20). This easily obtainable and non-invasive biofluid 
contains a wide range of biomarkers, such as DNA, 
RNA, proteins, hormones, and microorganisms, 
providing valuable insights into an individual’s health 
(16). Saliva has demonstrated its utility in diagnosing 
various conditions, including infectious diseases (e.g., 
HIV, hepatitis), autoimmune disorders (e.g., rheumatoid 
arthritis), hormonal imbalances (e.g., diabetes), and 
cancers such as oral and breast cancer (21). Given its 
advantages, saliva is expected to play an increasingly 
important role in personalized medicine and early 
disease detection.
While prostate-specific antigen (PSA) is a common 

biomarker for PC detection, it has limitations, including 
low specificity and the potential for false positives (22). 
Our study, consistent with other research (23-26), found 
significantly elevated serum and salivary PSA levels in 
PC patients compared to those with BPH. As observed 
in previous work (27, 28), salivary PSA concentrations 
were generally lower than serum concentrations in 
both groups. Furthermore, we identified a statistically 
significant positive correlation between serum and 
salivary PSA concentrations in both the PC group and 
the BPH group. Our findings align, in part, with Shiiki 
et al.’s observation of a direct correlation between 
serum and salivary PSA in individuals with elevated 
serum PSA. However, they did not find this correlation 

in patients with lower serum PSA levels (27). Also, 
Turan et al. (29) examined free and total PSA in serum 
and saliva across BPH, PC, and healthy individuals. 
They reported a significant correlation between free 
and total PSA in both sample types for all participants, 
along with significant differences in serum free and 
total PSA between the three groups. Interestingly, they 
did not find significant differences in salivary PSA 
concentrations between the groups. In general, these 
results indicate that PSA in saliva acts as a reliable 
biomarker, but further research is needed to confirm its 
definitive role. 
S100P, a calcium-binding protein, participates in various 

cellular processes, including cell growth, proliferation, 
differentiation, apoptosis, and migration (30). Previous 
studies have reported that S100P is significantly elevated 
in prostate tumor tissue and is associated with disease 
progression and metastasis (31).
The molecular mechanisms through which S100P 

exerts its effects in cancer are complex and multifaceted. 
It has been shown that S100P can interact with 
cell surface receptors such as RAGE or activate 
intracellular signaling pathways, including MAPK 
and NF-κB. In summary, S100P plays diverse roles in 
cancer development: it interacts with RAGE, activates 
intracellular signaling pathways, regulates the cell cycle, 
inhibits apoptosis, stimulates angiogenesis, facilitates 
metastasis, induces inflammation, influences immune 
responses, and modulates the expression of MMPs (32, 
33).
These findings underscore the multifaceted role of 

S100P in cancer, particularly in PC development and 
progression, positioning it as a potential therapeutic 
target.
Serum S100P measurement has shown promise as a 

viable biomarker. In this regard, our study demonstrated 
that S100P levels in the serum of the PC group were 
significantly elevated compared to those in the BPH 
group. Consistent with our findings, studies by Zhiliang 
et al. (34) (n = 78) on opisthorchiasis-associated 
cholangiocarcinoma (CCA) and Wang et al. (n = 96) on 
colorectal cancer (CRC) revealed that elevated serum 
S100P levels correlate with poorer prognosis, advanced 
disease stage, and metastasis (35). Collectively, these 
studies suggest that S100P is elevated in both tumor 

4 
 

 
 
 
Table 4. ROC Curve Analysis Results a 
 

PSA, prostate-specific antigen; S100P, S100 calcium-binding protein P; AUC, area under the curve; ROC, receiver operating characteristic. SE; 
Standard error.  a The ROC analysis was applied to appraise the diagnostic potential of salivary PSA and S100P compared with serum and to 
correctly separate the participants into the case and control groups. b The cut-off values were assessed based on the best trade-off between sensitivity 
and specificity.  
  

Variable Cut-off value b Sensitivity (%) Specificity (%) AUC SE 95% 
Confidence Interval 

Salivary PSA, mg/dl 0.5 95 90 0.954 0.0634 0.77-0.93 
Salivary S100P, ng/ml 7.1 90 85 0.928 0.08549 0.75–0.90 

Table 4. ROC Curve Analysis Results a
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tissue and serum of cancer patients, correlating with 
unfavorable disease characteristics. Therefore, S100P 
may serve as a promising biomarker for cancer diagnosis, 
prognosis, and potentially treatment.
Additionally, a significant positive correlation 

was observed between serum and salivary S100P 
concentrations in both groups. While serum PSA 
remains the standard biomarker for PC, ROC curve 
analysis highlighted the promising diagnostic potential 
of salivary S100P. Furthermore, salivary S100P 
concentrations were significantly lower in both groups 
compared to serum. These results suggest that salivary 
S100P levels may reflect systemic S100P levels, 
supporting its potential use as a salivary marker for PC 
and BPH detection and differentiation.
To our knowledge, this is the first study to investigate 

both serum and salivary S100P levels. The study has 
several strengths, including the use of saliva as a non-
invasive sample collection method, careful matching 
of PC and BPH groups based on factors such as age, 
BMI, and lifestyle, and the application of standardized 
methods for measuring S100P in serum and saliva. 
However, limitations include the relatively small sample 
size and the lack of investigation into advanced stages of 
prostate cancer (metastatic). Further research is required 
to validate these findings and generalize them to larger 
populations and different disease stages.

Conclusion 

This study highlights the potential of salivary PSA and 
S100P as non-invasive biomarkers for PC detection 
and differentiation from BPH. Elevated levels of 
both markers in PC patients, coupled with a strong 
correlation between serum and salivary levels, suggest 
that salivary S100P, particularly with PSA, offers a 
promising biomarkers for early detection. While serum 
PSA remains the standard, these findings, despite study 
limitations, warrant further research with larger cohorts 
to validate the clinical utility of salivary PSA and S100P 
in PC and BPH diagnosis and management.

Declarations

Competing interests 

The authors declare that they have no conflicts of 
interest.

Funding

This research was supported by a grant from Arak 
University of Medical Sciences, Arak, Iran (Grant 
Number: 3353&5135).

Author contributions

Jamal Amri, Davood Goodarzi, and Mona Alaee 
conducted the investigation and developed the 
methodology for the study. Jamal Amri and Mehdi Salehi 
were responsible for validating the study methods and 
refining the methodology. Jamal Amri and Mohammad 
Reza Zare managed the software aspects of the study and 
performed data analysis. Mehdi Salehi played a crucial 
role in securing funding for the project and overseeing 
its administration.

References

1. Jain MA, Leslie SW, Sapra A. Prostate Cancer Screening. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2025.

2. Lin J, Nousome D, Jiang J, Chesnut GT, Shriver CD, Zhu 
K. Five-year survival of patients with late-stage prostate 
cancer: comparison of the Military Health System and the 
U.S. general population. Br J Cancer. 2023 Apr;128(6):1070-
6. https://doi.org/10.1038/s41416-022-02136-3

3. Prostate Cancer Screening (PDQ®): Patient Version. In: PDQ 
Cancer Information Summaries [Internet]. Bethesda (MD): 
National Cancer Institute (US); 2002.

4. Tidd-Johnson A, Sebastian SA, Co EL, Afaq M, Kochhar 
H, Sheikh M, et al. Prostate cancer screening: Continued 
controversies and novel biomarker advancements. Curr 
Urol. 2022 Dec;16(4):197-206. https://doi.org/10.1097/
CU9.0000000000000145

5. Yin F, He QD, Chen J, Gui TJ, Cai RJ, Wang Y, et al. 
Benign prostatic hyperplasia associated with white 
matter hyperintensities in men. Clin Neurol Neurosurg. 
2023 Jun;229:107738. https://doi.org/10.1016/j.
clineuro.2023.107738

6. Medina JJ, Parra RO, Moore RG. Benign prostatic 
hyperplasia (the aging prostate). Med Clin North Am. 
1999 Sep;83(5):1213-29. https://doi.org/10.1016/S0025-
7125(05)70159-0

7. Jedinak A, Curatolo A, Zurakowski D, Dillon S, Bhasin 
MK, Libermann TA, et al. Novel non-invasive biomarkers 
that distinguish between benign prostate hyperplasia and 
prostate cancer. BMC Cancer. 2015 Apr 11;15:259. https://
doi.org/10.1186/s12885-015-1284-z

8. Gibadulinova A, Pastorek M, Filipcik P, Radvak P, Csaderova 
L, Vojtesek B, et al. Cancer-associated S100P protein binds 
and inactivates p53, permits therapy-induced senescence 
and supports chemoresistance. Oncotarget. 2016 Apr 
19;7(16):22508-22. https://doi.org/10.18632/oncotarget.7999

9. Arumugam T, Logsdon CD. S100P: a novel therapeutic target 
for cancer. Amino Acids. 2011 Oct;41(4):893-9. https://doi.
org/10.1007/s00726-010-0496-4

10. Arumugam T, Simeone DM, Schmidt AM, Logsdon CD. 
S100P stimulates cell proliferation and survival via receptor 
for activated glycation end products (RAGE). J Biol Chem. 
2004 Feb 13;279(7):5059-65. https://doi.org/10.1074/jbc.
M310124200

11. Mercado-Pimentel ME, Onyeagucha BC, Li Q, Pimentel AC, 
Jandova J, Nelson MA. The S100P/RAGE signaling pathway 
regulates expression of microRNA-21 in colon cancer cells. 
FEBS Lett. 2015 Aug 19;589(18):2388-93. https://doi.
org/10.1016/j.febslet.2015.07.010

https://doi.org/10.1097/CU9.0000000000000145
https://doi.org/10.1097/CU9.0000000000000145
https://doi.org/10.1016/j.clineuro.2023.107738
https://doi.org/10.1016/j.clineuro.2023.107738
https://doi.org/10.1016/S0025-7125(05)70159-0
https://doi.org/10.1016/S0025-7125(05)70159-0
https://doi.org/10.1186/s12885-015-1284-z
https://doi.org/10.1186/s12885-015-1284-z
https://doi.org/10.18632/oncotarget.7999
https://doi.org/10.1007/s00726-010-0496-4
https://doi.org/10.1007/s00726-010-0496-4
https://doi.org/10.1074/jbc.M310124200
https://doi.org/10.1074/jbc.M310124200
https://doi.org/10.1016/j.febslet.2015.07.010
https://doi.org/10.1016/j.febslet.2015.07.010


138

November/December 2022, Volume 7, Issue 6J Amri et al.

Acta Biochimica Iranica 2(3): 132-138

Acta Biochimica Iranica

12. Liu Y, Wang C, Shan X, Wu J, Liu H, Liu H, et al. S100P is 
associated with proliferation and migration in nasopharyngeal 
carcinoma. Oncol Lett. 2017;14(1):525-32. https://doi.
org/10.3892/ol.2017.6198

13. Senevirathna K, Mahakapuge TAN, Jayawardana NU, 
Rajapakse J, Gamage CU, Seneviratne B, et al. Diagnostic 
potential of salivary IL-1β, IL-8, SAT, S100P, and OAZ1 in 
oral squamous cell carcinoma, oral submucous fibrosis, and 
oral lichen planus based on findings from a Sri Lankan cohort. 
Sci Rep. 2024 Nov 8;14(1):27226. https://doi.org/10.1038/
s41598-024-75735-0

14. Kumar P, Gupta S, Das BC. Saliva as a potential non-invasive 
liquid biopsy for early and easy diagnosis/prognosis of head 
and neck cancer. Transl Oncol. 2024 Feb;40:101827. https://
doi.org/10.1016/j.tranon.2023.101827

15. Pittman TW, Decsi DB, Punyadeera C, Henry CS. Saliva-
based microfluidic point-of-care diagnostic. Theranostics. 
2023;13(3):1091-108. https://doi.org/10.7150/thno.78872

16. Liao C, Chen X, Fu Y. Salivary analysis: An emerging 
paradigm for non-invasive healthcare diagnosis and 
monitoring. Interdiscip Med. 2023;1(3):e20230009. https://
doi.org/10.1002/INMD.20230009

17. Okuyama K, Yanamoto S. Saliva in balancing oral and 
systemic health, oral cancer, and beyond: A narrative review. 
Cancers (Basel). 2024;16(24):4276. https://doi.org/10.3390/
cancers16244276

18. Tosoian JJ, Mamawala M, Epstein JI, Landis P, Wolf S, 
Trock BJ, et al. Intermediate and longer-term outcomes from 
a prospective active-surveillance program for favorable-risk 
prostate cancer. J Clin Oncol. 2015;33(30):3379. https://doi.
org/10.1200/JCO.2015.62.5764

19. Rapado-González Ó, Majem B, Muinelo-Romay L, 
López-López R, Suarez-Cunqueiro MM. Cancer salivary 
biomarkers for tumours distant to the oral cavity. Int J Mol 
Sci. 2016;17(9):1531. https://doi.org/10.3390/ijms17091531

20. Cui Y, Yang M, Zhu J, Zhang H, Duan Z, Wang S, et 
al. Developments in diagnostic applications of saliva in 
human organ diseases. Med Nov Technol Devices. 2022 
Mar;13:100115. https://doi.org/10.1016/j.medntd.2022.100115

21. Zhang CZ, Cheng XQ, Li JY, Zhang P, Yi P, Xu X, et al. 
Saliva in the diagnosis of diseases. Int J Oral Sci. 2016 Sep 
29;8(3):133-7. https://doi.org/10.1038/ijos.2016.38

22. Filella X, Foj L. Prostate cancer detection and prognosis: 
from prostate specific antigen (PSA) to exosomal biomarkers. 
Int J Mol Sci. 2016;17(11):1784. https://doi.org/10.3390/
ijms17111784

23. Usoro AJ, Obot AS, Ekaidem IS, Akaiso OE, Udoh AE, 
Akinloye O. Serum testosterone, 17β-estradiol and PSA 
levels in subjects with prostate disorders. Indian J Clin 
Biochem. 2015;30(1):59-65. https://doi.org/10.1007/s12291-
013-0411-3

24. Siemińska L, Borowski A, Marek B, Nowak M, Kajdaniuk 

D, Warakomski J, et al. Serum concentrations of adipokines 
in men with prostate cancer and benign prostate hyperplasia. 
Endokrynol Pol. 2018;69(2):120-7.

25. Reshma K, Kuthethur S, Manjerekar P, Gopal M. Evaluation 
of biochemical markers of renal dysfunction in prostate 
disorders and healthy controls. Int J Biochem Adv Res. 
2014;5(9). https://doi.org/10.7439/ijbar.v5i9.835

26. Farahani H, Alaee M, Amri J, Baghinia MR, Rafiee M. Serum 
and saliva concentrations of biochemical parameters in men 
with prostate cancer and benign prostate hyperplasia. Lab 
Med. 2020;51(3):243-51. https://doi.org/10.1093/labmed/
lmz053

27. Shiiki N, Tokuyama S, Sato C, Kondo Y, Saruta J, Mori Y, et al. 
Association between saliva PSA and serum PSA in conditions 
with prostate adenocarcinoma. Biomarkers. 2011;16(6):498-
503. https://doi.org/10.3109/1354750X.2011.598566

28. Ayatollahi H, Mahboub MRD, Mohammadian N, Parizadeh 
MR, Kianoosh T, Khoob MK, et al. Ratios of free to total 
prostate-specific antigen and total prostate specific antigen to 
protein concentrations in saliva and serum of healthy men. 
Urol J. 2009;4(4):238-41.

29. Turan T, Demir S, Aybek H, Atahan O, Tuncay OL, Aybek 
Z. Free and total prostate-specific antigen levels in saliva 
and the comparison with serum levels in men. Eur Urol. 
2000;38(5):550-4. https://doi.org/10.1159/000020354

30. Sato N, Hitomi J. S100P expression in human esophageal 
epithelial cells: Human esophageal epithelial cells 
sequentially produce different S100 proteins in the process 
of differentiation. Anat Rec. 2002;267(1):60-9. https://doi.
org/10.1002/ar.10085

31. Basu GD, Azorsa DO, Kiefer JA, Rojas AM, Tuzmen S, 
Barrett MT, et al. Functional evidence implicating S100P in 
prostate cancer progression. Int J Cancer. 2008;123(2):330-9. 
https://doi.org/10.1002/ijc.23447

32. Lee S-H, Park NR, Park EK, Kim J-E. S100P binds to RAGE 
and activates ERK/NF-κB signaling to promote osteoclast 
differentiation and activity. Biochem Biophys Res Commun. 
2024 Dec 17;738:150536. https://doi.org/10.1016/j.
bbrc.2024.150536

33. Arumugam T, Simeone DM, Schmidt AM, Logsdon CD. 
S100P stimulates cell proliferation and survival via receptor 
for activated glycation end products (RAGE). J Biol Chem. 
2004 Feb 13;279(7):5059-65. https://doi.org/10.1074/jbc.
M310124200

34. Wu Z, Boonmars T, Nagano I, Boonjaraspinyo S, Srinontong 
P, Ratasuwan P, et al. Significance of S100P as a biomarker in 
diagnosis, prognosis and therapy of opisthorchiasis-associated 
cholangiocarcinoma. Int J Cancer. 2016;138(2):396-408. 
https://doi.org/10.1002/ijc.29721

35. Wang Q, Zhang Y-N, Lin G-L, Qiu H-Z, Wu B, Wu H-Y, et 
al. S100P, a potential novel prognostic marker in colorectal 
cancer. Oncol Rep. 2012;28(1):303-10.

https://doi.org/10.3892/ol.2017.6198
https://doi.org/10.3892/ol.2017.6198
https://doi.org/10.1038/s41598-024-75735-0
https://doi.org/10.1038/s41598-024-75735-0
https://doi.org/10.1016/j.tranon.2023.101827
https://doi.org/10.1016/j.tranon.2023.101827
https://doi.org/10.7150/thno.78872
https://doi.org/10.1002/INMD.20230009
https://doi.org/10.1002/INMD.20230009
https://doi.org/10.3390/cancers16244276
https://doi.org/10.3390/cancers16244276
https://doi.org/10.1200/JCO.2015.62.5764
https://doi.org/10.1200/JCO.2015.62.5764
https://doi.org/10.3390/ijms17091531
https://doi.org/10.1016/j.medntd.2022.100115
https://doi.org/10.1038/ijos.2016.38
https://doi.org/10.3390/ijms17111784
https://doi.org/10.3390/ijms17111784
https://doi.org/10.1007/s12291-013-0411-3
https://doi.org/10.1007/s12291-013-0411-3
https://doi.org/10.7439/ijbar.v5i9.835
https://doi.org/10.1093/labmed/lmz053
https://doi.org/10.1093/labmed/lmz053
https://doi.org/10.3109/1354750X.2011.598566
https://doi.org/10.1159/000020354
https://doi.org/10.1002/ar.10085
https://doi.org/10.1002/ar.10085
https://doi.org/10.1002/ijc.23447
https://doi.org/10.1016/j.bbrc.2024.150536
https://doi.org/10.1016/j.bbrc.2024.150536
https://doi.org/10.1074/jbc.M310124200
https://doi.org/10.1074/jbc.M310124200
https://doi.org/10.1002/ijc.29721

	Salivary Biomarkers for Prostate Cancer: A Case-Control Study of PSA and S100P in Iranian Men 
	A B S T R A C T 
	Keywords
	Introduction
	Materials and Methods 
	Participants
	Eligibility Criteria 
	Inclusion criteria for the PC group 
	Inclusion criteria for the BPH group 
	Blood and Saliva Specimen Collection 
	Analysis of Salivary and Serum PSA and S100P 
	Statistical Analysis 

	Results
	Demographic Information 
	PSA and S100P concentrations in saliva and serum 
	Correlation between salivary and serum PSA, S100P concentrations in the groups 
	ROC Curve Analysis Results 

	Discussion
	Conclusion
	Declarations
	Competing interests  
	Funding
	Author contributions 

	References


