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ABSTRACT Objective: The aim of the study was to demonstrate the di- ~ OZET Amag: Calismanin amact, prostat kanserli hastalarda tani ve takip si-
agnostic value of urinary high mobility group box 1 (HMGB1) level as a  rasinda potansiyel olarak kullanilabilecek, invaziv olmayan bir arag olarak
non-invasive tool that can be potentially used for diagnosis and during fol-  idrar yiiksek hareketli grup proteini 1 [high mobility group box 1 (HMGB1)]
low-up in patients with prostate cancer. Material and Methods: Forty-two  diizeyinin tanisal degerini gostermektir. Gere¢ ve Yontemler: Calismaya
patients with histopathologically confirmed prostate cancer from 40 to 75  yaslar1 40 ile 75 arasinda degisen histopatolojik olarak dogrulanmis prostat
years of age, 30 patients with an acute urinary tract infection (UTI) and 33  kanseri olan 42 hasta, akut idrar yolu enfeksiyonu (IYE) olan 30 hasta ve
agematched healthy controls were enrolled in the study. Age, gender, body  yaslar eslestirilmis 33 saglikli kontrol dahil edildi. Caliyma gruplarmin yas,
mass index (BMI) and urinary HMGBI levels of the study groups were eval-  cinsiyet, beden kitle indeksi (BK) ve idrar HMGBI diizeyleri degerlendi-
uated. The association of clinical features [prostate specific antigen (PSA),  rildi. Prostat kanserli hastalarda klinik 6zelliklerin [prostat spesifik antijen
perineural invasion, Gleason score] with urinary HMGB1 levels was inves- ~ (PSA), perindral invazyon, Gleason skoru] idrar HMGB1 diizeyleri ile ilis-
tigated in patients with prostate cancer. Results: While age and BMI were  kisi arastirildi. Bulgular: Ug grup arasinda yas ve BKI farkli degilken (s1-
not different among the 3 groups (p=0.265 and p=0.254 respectively), PSA  rasiyla p=0,265 ve p=0,254), PSA diizeyleri anlamli derecede farkliyd:
levels were significantly different (p<0.001). A significant difference was  (p<0,001). Ug grup arasinda idrar HMGBI diizeylerinde anlaml fark tespit
detected in urinary HMGBI levels among the 3 groups (p<0.001). Addi-  edildi (p<0,001). Ayrica diisiik, orta ve yiiksek dereceli prostat kanserli has-
tionally, a significant correlation was observed between Gleason scoring  talarla karsilastirildiginda Gleason skorlamast ile idrar HMGBI diizeyleri
and urinary HMGBI levels when compared among patients with low-, in-  arasinda anlaml bir korelasyon gézlendi (p=0,003). Ayrica perinéral in-
termediate- and high-grade prostate cancer (p=0.003). Also, there was a sig-  vazyon pozitif ve negatif hastalar arasinda idrar HMGBI diizeyleri agisin-
nificant difference in urinary HMGBI1 levels between perineural dan anlamli fark vardi (p=0,04). Sonu¢: Kontrol grubuyla karsilastiril-
invasion-positive and negative patients (p=0.04). Conclusion: Compared ~ diginda, TYE hastalarinda ve prostat kanseri hastalarinda HMGBI1 diizey-
to control group, patients with a UTI and prostate cancer patients had higher  leri daha yiiksekti. idrar HMGBI seviyeleri prostat kanseri hastalarida
HMGBI levels. Urinary HMGBI levels were much higher in prostate can-  kontrollere gore ok daha yiiksekti. Idrar HMGBI diizeyleri, daha biiyiik
cer patients than in controls. Urinary HMGBI levels may be used as anon-  hasta drneklerini igeren gelecekteki kontrollii caligmalarda prostat kanseri
invasive tool for diagnostic and screening purposes in prostate cancer hastalarinda tani ve tarama amactyla invaziv olmayan bir arag olarak kulla-

patients in future controlled studies involving larger patient samples. nilabilir.
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The most common cancer in men is prostate can-
cer. It is 6" in cancer related deaths.! Prostate cancers
generally tend to grow slowly and are low grade.”
Early stage prostate cancer (i.e. Stages T1 and T2) is
confined to the prostate gland. In Stage T3 (locally
advanced prostate cancer), the cancer has extended
through the capsule of the prostate gland. Stage T4
prostate cancer is cancer that has spread to other parts
of the body.’

Prostate specific antigen (PSA) test and tran-
srectal ultrasound-guided prostate tissue biopsies are
the priority in the diagnosis of prostate cancer. How-
ever, PSA testing for screening is still controversial.*
It has been recognized that PSA is a marker with a
high organ specificity but low cancer specificity. Dif-
ferent pathological conditions in the prostate (such as
benign prostatic hyperplasia or infection of prostate)
can raise the serum PSA levels.” Serum PSA screen-
ing was shown to reduce disease-specific mortality.
However, the mortality benefit of PSA led to a large
number of prostate biopsies up to 70-80%.> This re-
sulted in overdiagnosis and subsequent overtreatment
due to detection of clinically insignificant disease, in-
creasing the risk of unnecessary morbidity. Although
serum PSA measurement does not exactly fit the de-
scription of a perfect marker, it is still most com-
monly used screening method for the diagnosis
prostate cancer. Nevertheless, various biomarkers
which are more effective than PSA have been intro-
duced with the attempt to overcome problems asso-
ciated with low cancer specificity of PSA. Thus,
research efforts have focused on developing an ideal
biomarker in recent years.°

High mobility group box 1 (HMGB)-1 and 2
proteins are nuclear nonhistone proteins found in
mammals and eukaryotic cells.” HMGBI is a 215
amino acid protein weighing 30 kDa. It contains two
positively charged and one negatively charged fields.
This provides HMGB1 with an important feature for
recognizing and specifically binding DNA struc-
tures.®

HMGB-1 is involved in cell differentiation,
DNA repair, transcription, somatic recombination
and extracellular signaling.” Apart from its nuclear
functions, it acts as an extracellular signaling
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molecule.!” Studies have shown overexpression of
HMGBI gene in cancerous cells originating from
the epithelial tissue of the prostate and ovarian can-
Cer.l 1,12

Purpose of this study is to test the availability of
HMGBI in urine as a simple, fast and reliable test for
diagnostic and follow-up in patients with prostate
cancer.

I MATERIAL AND METHODS

STUDY DESIGN

The study included 42 prostate cancer patients be-
tween the ages of 40-75, 30 urinary tract infections
(UTI) patients, and 33 healthy volunteers. Age, body
mass index (BMI), gender and urinary HMGBI lev-
els (U-HMGB1) were recorded. The relationship of
U-HMGBI with clinical features (PSA, perineural in-
vasion, Gleason score) was investigated in patients
with prostate cancer.

TEST METHODS

Ten cc urine samples were collected from study pa-
tients and healthy controls. The samples were cen-
trifuged after the supernatants were transferred into
microtubes and stored at -80 °C until the time of
ELISA testing. Prostate cancer patients were subdi-
vided into three groups as low grade (Gleason score
<6), intermediate grade (Gleason score of 7 (3+4 or
4+3) or high grade (Gleason >8)."

U-HMGBI1 were quantitatively measured using
Cloud-Clone ELISA kits (Catalog Number SEA399
Hu, USA). The double-antibody sandwich enzyme
immunoassay technique was used for the assay. The
test has a detection range of 60.5 to 4,000 pg/mL and
a sensitivity of 28.3 pg/mL. The coefficients of vari-
ation within and between assays were 8.3% and 9.1%
respectively.

That the study had been reviewed and approved
by a certified Clinical Research Ethical Committee
of SANKO University, the number 3 and date of
September 19, 2019. Signed consent was obtained
from all participants before the study started. The
study was conducted in accordance with the princi-
ples set forth in the Declaration of Helsinki.
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TABLE 1: Demographic and clinical data of the study groups.
Prostate cancer (n=42) Urinary tract infection (n=30) Controls (n=33) p value
Age (years) 85.7410.7 51.8410.7 84.247.2 0.265%
BMI (kg/m?) 29.7+3.6 31.03+4.4 29.15+5.6 0.254*
PSA (ng/mL) 22 (5.9-240) 1.5 (0.6-8.5) 1.2 (0.7-2.5) p<0.001**
HMGB1 (pg/mL) 142.3 (9.1-3170.1) 40.3(10.3-201.1) 29.3 (9.1-145.8) p<0.001**

*One-Way analysis of variance; **Kruskal-Wallis test; BMI: Body mass index; PSA: Prostate specific antigen; HMGB1: High mobility group box 1.

ANALYSES

The Graph Pad Instat (v.3.05, Graph Pad Software
Inc., San Diego, CA) statistical software was used to
analyze the data from all samples. The Student’s un-
paired t-test, Kruskal-Wallis test, one-way analysis
of variance, chi-square test, Mann-Whitney U test
and correlation analysis were used to compare patient
group data with control group data. A p-value less
than 0.05 was considered statistically significant.
Cut-off values were determined using the Youden
index 1 levels.

I RESULTS

A total of 105 people participated in the study, in-
cluding 42 prostate cancer patients, 30 UTI patients
and 33 healthy controls. BMI, age, PSA and U-
HMGBI of the three groups are shown in Table 1.
All three groups showed a normal distribution of age
and BMI with no statistically significant inter-group
difference (p=0.265 and p=0.254 respectively). PSA
levels and U-HMGBI differed significantly among 3
groups (both p<0.001). Bilateral comparisons were
made between the groups. Accordingly; p=0.001 for
prostate cancer group versus UTI group; p=0.017 for
UTI group versus controls and p<0.001 for prostate
cancer group versus controls. Thus, the latter differ-
ence was highly significant. Correlations of U-
HMGBI1 with the demographics, and tumor and PSA
characteristics of prostate cancer patients are pre-
sented in Table 2.

While U-HMGBI1 were not correlated with BMI
and age, a positive correlation was observed between
U-HMGBI1 and serum PSA concentrations in 42
prostate cancer patients (r=0.84, p<0.001). In addi-
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TABLE 2: Correlation between HMGB1 values and clinical
data in prostate cancer patients.
HMGB1
Prostate cancer (n=42) r value p value
Age -0.03 0.847
BMI -0.21 0.181
PSA 0.84 p<0.001
Gleason score
Low grade (n=14) 49.05 (9.1-2132.1) 0.003*
Intermediate grade (n=14) 131.3 (22.8-501.1)
High grade (n=14) 187.6 (45.1-3170.1)
Perineural invasion
No (n=21) 1105 (9.1-2132.1) 0.004*
Yes (n=21) 156.7 (25.6-3170.1)

r: Coefficient of correlation; *Kruskal-Wallis test; **Mann-Whitney U test; Low grade:
Gleason score <6, intermediate grade: Gleason score 3+4 or 4 +3, High grade: 28;
HMGB1: High mobility group box 1; BMI: Body mass index; PSA: Prostate specific anti-
gen.

tion, U-HMGB1 were compared among patients
with low, intermediate or high-grade prostate can-
cer, revealing a significant association between Glea-
son scores and U-HMGBI1 (p=0.003). Bilateral
comparisons were made to see which group caused
the difference and showed no difference between
low grade and intermediate grade (p=0.376). How-
ever, differences were observed between low and
high grade (p=0.002) and between intermediate and
high grade (p=0.004). Additionally, a significant dif-
ference was observed between perineural invasion-
positive and -negative patients (p=0.04). Cut-off
values were calculated by performing receiver oper-
ating characteristic analysis. The cut-off value be-
tween prostate cancer and UTI was 100.45 pg/mL,
32.97 pg/mL for the control group and UTI, and
113.75 pg/mL between the control group and the
prostate cancer (Figure 1, Figure 2, Figure 3).
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FIGURE 1: ROC curve analysis between renal cell carcinoma and urinary tract in-
fection. The area under the curve was 0.818 (95% CI 0.710-0.926) for HMGB1
(p<0.001).

ROC: Receiver operating characteristic; Cl: Confidence interval; HMGB1: High
mobility group box 1.

I DISCUSSION

In the current study, U-HMGB1 were found higher
in prostate cancer patients in comparison to patients
with an UTI and controls, in direct proportion to the
tumor grade. This suggests increased expression of
HMGBI in tumor cells.

Prostate cancer follows a rather unusual course
when compared with other types of cancer since it
progresses slowly. Low-grade prostate cancer is
mostly latent and approximately 25% of the cases
show aggressive progression.'”

HMGBI is a nuclear non-histone protein which
is involved not only in inflammation but also can-
cer; extracellularly, it binds to the receptor for ad-
vanced glycation end products receptor and plays an
important role in cancer progression and metastasis
by activating key signaling pathways including nu-
clear factor kappa B, p38 and p44/42 mitogen-acti-
vated protein kinase.'* In a 2019 study, Lv et al.
found that upregulation of HMGBI1 plays a central
role in the development and metastasis of prostate
cancer."
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Studies in human and mouse models have shown
overexpression of extracellular HMGBI1 in metastatic
prostate cancer, and it has been found to have a pos-
itive correlation with tumor aggressiveness.'® Addi-
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FIGURE 2: ROC curve analysis between urinary tract infection and controls. The
area under the curve was 0.704 (95% CI 0.571-0.837) for HMGB1 (p=0.005).
ROC: Receiver operating characteristic; Cl: Confidence interval; HMGB1: High
mobility group box 1.
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FIGURE 3: ROC curve analysis between renal cell carcinoma and controls. The
area under the curve was 0.897 (95% CI 0.819-0.974) for HMGB1 (p<0.001).
ROC: Receiver operating characteristic; Cl: Confidence interval; HMGB1: High
mobility group box 1.



Mehmet SOLAKHAN et al.

J Reconstr Urol. 2024;14(1):23-9

tionally, the HMGB1 mRNA level has been shown
to be much higher in Mat Lylu tumors, an aggressive
rat prostate tumor, than in Dunning R-3327-H tumor,
a benign rat prostate cancer.'®!” It has been suggested
that specific mechanisms are responsible for the
pathogenic effects of HMGB1 on prostate cancer and
metastasis. A recent study reported that increased ex-
pression of HMGB1 was associated with the presence
of aggressive prostate cancer and poor prognosis and
can be used as a biomarker to discriminate high risk
patients from low risk patients.'®* HMGB1 has been
shown to activate androgen receptor and sex steroid
hormone receptors.'’ Additionally, HMGBI1 has been
shown to directly interact with the Ets transcription
factor, increasing the activity of Ets target gene tran-
scription. The Ets transcription factors were found to
contribute to angiogenesis and metastasis of prostate
cancer.”’ It was also reported that chronic inflamma-
tion is one of the key risk factors in prostate tumor
and HMGBI1 promotes malignant progression by ac-
tivating proinflammatory cytokines.?!

The use of urinary markers in the screening, di-
agnosis and follow-up of treatment response in
prostate cancer draws attention because theoretically
sampling is easy. However, the prostate cancer anti-
gen 3 (PCA3) gene test has been predominantly as-
sessed in several studies.”” Urinary markers are
classified in three groups including protein-based,
DNA-based and RNA-based markers.?* Conflicting
results have been reported for urinary protein-based
biomarkers (Annexin A3, matrix metalloproteinases
and the urinary/serum PSA ratio). As a matter of fact,
more than 1,500 types of proteins were identified
through detailed examination of human urine and ac-
cordingly, the use of these proteins as biomarkers
would be very difficult.* Urinary DNA-based mark-
ers have primarily focused on methylation and hy-
permethylation of GSTP1.%* The most widely studied
group includes urinary RNA-based markers. Mainly,
the PCA3 test, ERG fusion gene, SPINK1, TM-
PRSS2-transcript expression levels of GOLPH2 and
their combinations have been investigated in prior
studies.”® PCA3 gene, initially referred to as DD3, is
a gene that expresses a non-coding RNA on chromo-
some 9. The expression of non-coding mRNAs by the
PCA-3 gene is 60- to 100-fold greater in malignant
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tissues.”® Although not approved by the U.S. Food
and Drug Administration yet, the PCA3 test [Pro-
gensa™ PCA3 (Gen-Probe, San Diego, CA)] has be-
come commercially available. Non-coding mRNAs
of the PCA3 gene as identified by the Reverse tran-
scription polymerase chain reaction method in the
first voided urine following a digital rectal examina-
tion can be demonstrated in up to 90% of prostate
cancer patients.?! Extensive studies have shown that
PCA-3 test has a sensitivity of 66% and a specificity
of 89% in patients undergoing prostate biopsy.”’
PCA-3 test results are not affected by prostate vol-
ume or the presence of prostatitis. Currently, PCA3
test is primarily used for follow-up of patients with
elevated PSA, decision making for repeat biopsy and
monitoring of prostate cancer patients under active
surveillance. However, although the PCA-3 test may
yield positive results even in small tumor volumes, it
does not inform about aggressiveness of the tumor.

A total of 105 subjects participated in the study
including 42 prostate cancer patients, 30 patients with
a UTI and 33 healthy controls. The study subjects did
not differ significantly with respect to age or BMI
(p=0.265). A significant difference was observed be-
tween the three group in serum PSA levels (p<0.001).
The median serum PSA concentration was 22 ng/mL
in prostate cancer patients, 1.5 ng/mL in patients with
a UTI and 1.2 ng/mL in healthy controls. As ex-
pected, serum PSA concentrations were considerably
higher in prostate cancer patients and relatively lower
in patients with a UTI. As predicted, serum PSA con-
centrations were well below the reference values for
prostate cancer diagnosis in healthy controls. Despite
the abundance of data in literature regarding the crit-
ical PSA level for the diagnosis of prostate cancer,
the current guidelines suggest a PSA level between
2.5 and 4.0 ng/mL.*

In the present study, U-HMGB1 were signifi-
cantly different among 3 groups (p<0.001). More-
over, prostate cancer patients showed much higher
U-HMGBI in comparison to controls [p<0.001 (Bon-
ferroni correction p<0.017)]. We found that the cut-
off values for U-HMGBI level were 100.45 pg/mL to
differentiate prostate cancer patients from patients
with UTI, 32.97 pg/mL to differentiate UTI patients
from controls and 113.75 pg/mL to differentiate



Mehmet SOLAKHAN et al.

J Reconstr Urol. 2024;14(1):23-9

prostate cancer patients from controls. We also ob-
served a significant difference in terms of U-HMGB1
among low-, intermediate- and high-grade prostate
cancer patients and found that the significance re-
sulted from the difference between U-HMGBI1 of
low-grade and high-grade patients (p=0.002; Bonfer-
roni correction p<0.017). Additionally, U-HMGBI
were much higher in perineural invasion-positive
prostate cancer patients than in perineural invasion-
negative prostate cancer patients (p=0.04). Our find-
ings are consistent with those reported by previous
studies and the originality of our study was to per-
form non-invasive assessment of HMGBI1 protein in
the urine.

There are some limitations in our study. First of
all, the number of patients participating in the study
was small. Secondly, in our study, U-HMGBI1 was
not examined in any other cancer group other than
prostate cancer.

I CONCLUSION

In conclusion, elevated serum levels of HMGB1 were
shown in former studies in patients with cancer and
inflammation. The originality of our study lies in the
fact that we used a non-invasive method to quantitate
HMGBI1 protein in the urine. In our study, U-HMGB1
concentrations were found higher in patients with a
UTTI and prostate cancer patients than control group.
Specifically, patients with prostate cancer showed sig-
nificantly higher HMGBI levels versus controls. This
result, in accordance with the literature; shows that
HMGBI is more expressed in tumor cells.'

The use of U-HMGB for diagnostic and screen-
ing purposes in prostate cancer patients may be fur-
ther investigated in future controlled studies
involving larger patient samples.

Acknowledgement

The authors thank Pinar GUNEL KARADENIZ at the Department of
Biostatistics in Sanko University for her valuable assistance in sta-

tistical analyses.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Mustafa Solakhan, Necla Benlier; Design:
Mustafa Yildirim, Hiilya Cigek; Control/Supervision: Mustafa
Yildirim, Hiilya Cigek; Data Collection and/or Processing:
Omer Aydin Yildirim, Necla Benlier, Mustafa Solakhan; Analy-
sis and/or Interpretation: Necla Benlier, Mustafa Yildirim, Hiilya
Cigek, Literature Review: Mustafa Solakhan, Osman Barut;
Writing the Article: Mustafa Solakhan, Necla Benlier; Critical
Review: Mustafa Yildirim, Hiilya Cigek,; References and Fund-
ings: Mustafa Solakhan, Osman Barut; Materials: Mustafa So-
lakhan.

I REFERENCES

1. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-86. [Crossref]
[PubMed]

2. Roberts MJ, Teloken P, Chambers SK, Sci B, Williams SG, Yaxley J, et al.
Prostate Cancer Detection. Endotext [Internet]. MDText.com, Inc.; South Dart-
mouth (MA), 2018.

3. Wolf AM, Wender RC, Etzioni RB, Thompson IM, D'Amico AV, Volk RJ, et al;
American Cancer Society Prostate Cancer Advisory Committee. American
Cancer Society guideline for the early detection of prostate cancer: update
2010. CA Cancer J Clin. 2010;60(2):70-98. [Crossref] [PubMed]

28

4. Harvey CJ, Pilcher J, Richenberg J, Patel U, Frauscher F. Applications of
transrectal ultrasound in prostate cancer. Br J Radiol. 2012;85 Spec No
1(Spec Iss 1):S3-17. [Crossref] [PubMed] [PMC]

5. Litwin MS, Tan HJ. The diagnosis and treatment of prostate cancer: a review.
JAMA. 2017;317(24):2532-42. [Crossref] [PubMed)]

6.  Schroder FH, Hugosson J, Roobol MJ, Tammela TL, Ciatto S, Nelen V, et al;
ERSPC Investigators. Screening and prostate-cancer mortality in a randomized
European study. N Engl J Med. 2009;360(13):1320-8. [Crossref] [PubMed]

7. Bustin M, Reeves R. High-mobility-group chromosomal proteins: architec-
tural components that facilitate chromatin function. Prog Nucleic Acid Res
Mol Biol. 1996;54:35-100. [Crossref] [PubMed]


https://onlinelibrary.wiley.com/doi/10.1002/ijc.29210
https://pubmed.ncbi.nlm.nih.gov/25220842/
https://chooser.crossref.org/?doi=10.3322%2Fcaac.20066
https://pubmed.ncbi.nlm.nih.gov/20200110/
https://pubmed.ncbi.nlm.nih.gov/20200110/
https://pubmed.ncbi.nlm.nih.gov/22844031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746408/
https://doi.org/10.1001/jama.2017.7248
https://pubmed.ncbi.nlm.nih.gov/28655021/
https://www.nejm.org/doi/full/10.1056/NEJMoa0810084
https://pubmed.ncbi.nlm.nih.gov/19297566/
https://www.sciencedirect.com/science/article/abs/pii/S0079660308603608?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/8768072/

Mehmet SOLAKHAN et al.

J Reconstr Urol. 2024;14(1):23-9

Stros M. HMGB proteins: interactions with DNA and chromatin. Biochim Bio-
phys Acta. 2010;1799(1-2):101-13. [Crossref] [PubMed]

Mller S, Ronfani L, Bianchi ME. Regulated expression and subcellular lo-
calization of HMGB1, a chromatin protein with a cytokine function. J Intern
Med. 2004;255(3):332-43. [Crossref] [PubMed]

Tang D, Kang R, Coyne CB, Zeh HJ, Lotze MT. PAMPs and DAMPs: signal
Os that spur autophagy and immunity. Immunol Rev. 2012;249(1):158-75.
[Crossref] [PubMed] [PMC]

. ChenJ, XiB, Zhao Y, YuY, Zhang J, Wang C. High-mobility group protein B1

(HMGB1) is a novel biomarker for human ovarian cancer. Gynecol Oncol.
2012;126(1):109-17. Retraction in: Gynecol Oncol. 2015;138(3):764. [Cross-
ref] [PubMed]

Zhao CB, Bao JM, Lu YJ, Zhao T, Zhou XH, Zheng DY, et al. Co-expression
of RAGE and HMGB1 is associated with cancer progression and poor pa-
tient outcome of prostate cancer. Am J Cancer Res. 2014;4(4):369-77.
[PubMed] [PMC]

Zumsteg ZS, Spratt DE, Pei |, Zhang Z, Yamada Y, Kollmeier M, et al. A
new risk classification system for therapeutic decision making with inter-
mediate-risk prostate cancer patients undergoing dose-escalated exter-
nal-beam radiation therapy. Eur Urol. 2013;64(6):895-902. [Crossref]
[PubMed]

Todorova J, Pasheva E. High mobility group B1 protein interacts with its re-
ceptor RAGE in tumor cells but not in normal tissues. Oncol Lett.
2012;3(1):214-8. [Crossref] [PubMed] [PMC]

Lv DJ, Song XL, Huang B, Yu YZ, Shu FP, Wang C, et al. HMGB1 promotes
prostate cancer development and metastasis by interacting with brahma-re-
lated gene 1 and activating the akt signaling pathway. Theranostics.
2019;9(18):5166-82. [Crossref] [PubMed] [PMC]

Leman ES, Madigan MC, Briinagel G, Takaha N, Coffey DS, Getzenberg RH.
Nuclear matrix localization of high mobility group protein I(Y) in a transgenic
mouse model for prostate cancer. J Cell Biochem. 2003;88(3):599-608.
[Crossref] [PubMed]

Nestl A, Von Stein OD, Zatloukal K, Thies WG, Herrlich P, Hofmann M, et al.
Gene expression patterns associated with the metastatic phenotype in ro-
dent and human tumors. Cancer Res. 2001;61(4):1569-77. [PubMed]

Bussemakers MJ, van de Ven WJ, Debruyne FM, Schalken JA. Identification
of high mobility group protein I(Y) as potential progression marker for prostate

29

20.

21.

22.

23.

24.

25.

26.

21.

28.

cancer by differential hybridization analysis. Cancer Res. 1991;51(2):606-11.
[PubMed]

Verrijdt G, Haelens A, Schoenmakers E, Rombauts W, Claessens F. Com-
parative analysis of the influence of the high-mobility group box 1 protein on
DNA binding and transcriptional activation by the androgen, glucocorticoid,
progesterone and mineralocorticoid receptors. Biochem J. 2002;361(Pt 1):97-
103. [Crossref] [PubMed] [PMC]

Findlay VJ, Turner DP, Yordy JS, McCarragher B, Shriver MR, Szalai G, et al.
Prostate-derived ETS factor regulates epithelial-to-mesenchymal transition
through both SLUG-dependent and independent mechanisms. Genes Can-
cer. 2011;2(2):120-9. [Crossref] [PubMed] [PMC]

De Marzo AM, Platz EA, Sutcliffe S, Xu J, Grénberg H, Drake CG, et al. In-
flammation in prostate carcinogenesis. Nat Rev Cancer. 2007;7(4):256-69.
[Crossref] [PubMed] [PMC]

Salagierski M, Schalken JA. Molecular diagnosis of prostate cancer: PCA3
and TMPRSS2:ERG gene fusion. J Urol. 2012;187(3):795-801. [Crossref]
[PubMed]

Roobol MJ, Haese A, Bjartell A. Tumour markers in prostate cancer IlI: bio-
markers in urine. Acta Oncol. 2011;50 Suppl 1:85-9. [Crossref] [PubMed]

Adachi J, Kumar C, Zhang Y, Olsen JV, Mann M. The human urinary pro-
teome contains more than 1500 proteins, including a large proportion of mem-
brane proteins. Genome Biol. 2006;7(9):R80. [Crossref] [PubMed] [PMC]

Payne SR, Serth J, Schostak M, Kamradt J, Strauss A, Thelen P, et al. DNA
methylation biomarkers of prostate cancer: confirmation of candidates and
evidence urine is the most sensitive body fluid for non-invasive detection.
Prostate. 2009;69(12):1257-69. [Crossref] [PubMed]

Auprich M, Bjartell A, Chun FK, de la Taille A, Freedland SJ, Haese A, et al.
Contemporary role of prostate cancer antigen 3 in the management of
prostate cancer. Eur Urol. 2011;60(5):1045-54. [Crossref] [PubMed]

Hessels D, Klein Gunnewiek JM, van Oort |, Karthaus HF, van Leenders GJ,
van Balken B, et al. DD3(PCA3)-based molecular urine analysis for the di-
agnosis of prostate cancer. Eur Urol. 2003;44(1):8-15; discussion 15-6.
[Crossref] [PubMed]

Coley CM, Barry MJ, Fleming C, Wasson JH, Fahs MC, Oesterling JE. Should
Medicare provide reimbursement for prostate-specific antigen testing for early
detection of prostate cancer? Part II: Early detection strategies. Urology.
1995;46(2):125-41. [Crossref] [PubMed]


https://www.sciencedirect.com/science/article/abs/pii/S1874939909001138?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20123072/
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2003.01296.x
https://pubmed.ncbi.nlm.nih.gov/14871457/
https://onlinelibrary.wiley.com/doi/10.1111/j.1600-065X.2012.01146.x
https://pubmed.ncbi.nlm.nih.gov/22889221/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3662247/
https://www.sciencedirect.com/science/article/pii/S0090825815011129?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0090825815011129?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26550647/
https://pubmed.ncbi.nlm.nih.gov/25057439/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106654/
https://linkinghub.elsevier.com/retrieve/pii/S0302283813002571
https://pubmed.ncbi.nlm.nih.gov/23541457/
https://www.spandidos-publications.com/10.3892/ol.2011.459
https://pubmed.ncbi.nlm.nih.gov/22740883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3362388/
https://www.thno.org/v09p5166.htm
https://pubmed.ncbi.nlm.nih.gov/31410208/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691575/
https://onlinelibrary.wiley.com/doi/10.1002/jcb.10368
https://pubmed.ncbi.nlm.nih.gov/12532335/
https://pubmed.ncbi.nlm.nih.gov/11245467/
https://pubmed.ncbi.nlm.nih.gov/1702360/
https://portlandpress.com/biochemj/article-abstract/361/1/97/38809/Comparative-analysis-of-the-influence-of-the-high?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/11742533/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222283/
https://journals.sagepub.com/doi/abs/10.1177/1947601911410424https://journals.sagepub.com/doi/abs/10.1177/1947601911410424
https://pubmed.ncbi.nlm.nih.gov/21779485/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3111250/
https://www.nature.com/articles/nrc2090
https://pubmed.ncbi.nlm.nih.gov/17384581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3552388/
https://www.auajournals.org/doi/10.1016/j.juro.2011.10.133
https://pubmed.ncbi.nlm.nih.gov/22245323/
https://www.tandfonline.com/doi/full/10.3109/0284186X.2010.524935
https://pubmed.ncbi.nlm.nih.gov/21604945/
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2006-7-9-r80
https://pubmed.ncbi.nlm.nih.gov/16948836/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1794545/
https://onlinelibrary.wiley.com/doi/10.1002/pros.20967
https://pubmed.ncbi.nlm.nih.gov/19459176/
https://www.sciencedirect.com/science/article/abs/pii/S0302283811008633?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21871709/
https://www.sciencedirect.com/science/article/abs/pii/S030228380300201X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/12814669/
https://www.sciencedirect.com/science/article/abs/pii/S0090429599801812?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/7542817/

