
Abstract. Background/Aim: Surface biomarkers, such as
CD44 and CD133, have been demonstrated to be expressed
in prostate cancer cells, and our previous study has shown
that prostate cancer cell lines could be divided into three
groups according to the single and combined expression
pattern of CD44 and 133. In order to refine prognostication
in prostate cancer cells, we further investigated genetic
biomarkers, prostate cancer antigen 3 (PCA3), kallikrein 4
(KLK4), and KLK9 in different prostate cancer cell lines.
Materials and Methods: CWR22Rv1, PC3, and DU145 cell
lines were cultured until 95% confluence. The single
expression of CD44 or CD133 and their combined
expression were analyzed by flow cytometry, and gene
expression of b-actin, PCA3, KLK4, and KLK9 was analyzed
by real-time polymerase chain reaction. Results: The single
expression of CD133 was less than 4% in all cell lines
examined. PC3 and DU145 cells displayed a high expression
of CD44 (>91%), whereas CWR22Rv1 was the only cell line
that demonstrated a high co-expression of both CD44 and
CD133 (>91%). In addition, PC3 and DU145 displayed low
expression of PCA3, KLK4, and KLK9 when compared with

their own b-actin expression. In contrast, CWR22Rva
showed high expression of PCA3 and KLK4 although KLK9
expression was also low. Conclusion: Both surface and
genetic biomarkers should be validated for a more accurate
prognosis in prostate cancer.

Prostate cancer is one of the most common cancers in men.
Even during the COVID-19 pandemic, prostate cancer was
still more widespread among deaths (1).  Indeed, it has been
shown that prostate cancer patients had higher susceptibility
to COVID-19 infection, leading to higher mortality and
hospitalization rates than other solid tumor patients (2).
Therefore, the more accurate detecting methods have been
critical for early cancer detection and tumor progression
monitoring. Screening biomarkers has become a critical
method for prostate cancer diagnosis and monitoring in order
to achieve more accurate treatment (3).

Prostate cancer cell lines have been useful tools to
investigate whether certain biomarkers can be applied for
detecting prostate cancer. We have previously demonstrated
that the expression levels of biomarkers, such as CD44 and
CD133, were distinct among different prostate cancer cell
lines: DU145 and PC3 were CD44highCD133low,
CWR22Rv1 was (CD44+CD133+)high, and LNCaP displayed
CD44lowCD133low characteristics (4). Therefore, not only
the single and co-expression of CD44 and CD133 should be
investigated when using prostate cancer cell lines, but other
biomarkers should also be taken into account. In addition to
surface biomarkers, the expression of some genes has been
shown to be prostate cancer specific. 

Prostate cancer antigen 3 (PCA3) is expressed exclusively
in the prostate and is over-expressed in prostate cancer
tissues (5, 6). Kallikrein (KLK) gene family includes 15
serin proteases, and comprises the largest protease family in
the human genome (7). Each KLK gene plays a role in
prostate cancer, but overall KLKs have been shown to be
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oncogenic in prostate tumors, and to facilitate cancer
invasion and metastasis (8). Therefore, the expression of
PCA3, KLK4, and KLK9 was investigated in three different
prostate cancer cell lines combined with the expression
levels of CD44 and CD133 to understand whether they show
distinct expression pattern. 

Materials and Methods
Cell lines and cell culture. The PC3, DU145, and CWR22Rv1
prostate cancer cell lines were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA). Cells were
cultured in RPMI 1640 (Roswell Park Memorial Institute 1640,
GIBCO, Thermo Fisher Scientific, Waltham, MA, USA), containing
10% Fetal bovine serum (Thermo Fisher Scientific), 1% sodium
pyruvate (Hyclone, GE Healthcare, Pittsburgh, PA, USA), 1.5 g/l
sodium biscarbonate (Sigma, St. Louis, MO, USA), and 1%
penicillin/streptomycin (GIBCO, Thermo Fisher Scientific). Cells
were seeded at the concentration of 1×105 cells/ml and cultured at
37˚C in a 5% CO2 incubator. Cells were grown until 95%
confluence and then processed for either flow cytometric analysis
or gene expression analysis.

Flow cytometric analysis. CD44 (BD Pharmingen, San Diego, CA,
USA) and CD133 (BioLegend, San Diego, CA, USA) were
analyzed in this study (9, 10). The preparation of samples has been
described previously (4). The expression shown in Table I was
obtained from three flow cytometric experiments for each cell line,
and 5,000 cells were analyzed each time. 

Real-time PCR (polymerase chain reaction) analysis. Total RNA
from each cell line was isolated using TRIzol™ Reagent (Thermo
Fisher Scientific) according to the manufacturer’s instructions. After
RNA was precipitated, the pellet was washed with ethanol and
resuspended in Rnase-free water. Gene expression analysis was
performed using SuperScriptl™ III Platinum One-Step qRT-PCR kit
(Thermo Fisher Scientific). TaqMan® probes purchased from
Applied Biosystems were used to measure the target genes, and
probes used in this study included b-actin (Hs99999903_m1),
prostate cancer antigen 3 (PCA3, Hs01371939_g1), kallikrein
related peptidase 4 (KLK4, Hs00191772_m1), and KLK9
(Hs01043981_m1). Each gene expression was analyzed six times,
and the 2-ΔCt method was employed to calculate the relative
expression of each target gene. The results in Figure 1 show the fold
change of specific genes (PCA3, KLK4, or KLK9) when compared

with the endogenous gene (b-actin) in the same cell line. In
addition, the 2-ΔΔCt method was employed. The values shown in
Table II represent the increased fold of the target gene in DU145 or
CWR22Rv1 cells over the expression in PC3 cells.  
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Table I. Expression of CD44 and CD133 individually and combined in
three different prostate cancer cell lines. The numbers represent
average±standard deviation.

Cell line                                 PC3                  DU145             CWR22Rv1

Marker
CD44+ (%)                      91.30±0.05         96.61±0.53           1.42±1.23
CD133+ (%)                     3.43±2.92           0.26±0.05            1.79±1.59
CD44+CD133+ (%)         3.67±1.70           0.81±0.55           86.43±1.33

Figure 1. The relative fold change of prostate cancer antigen 3 (PCA3)
(A), kallikrein 4 (KLK4) (B), and KLK9 (C) expression after comparing
b-actin expression in PC3, DU145, and CWR22Rv1 cells. **p<0.01 or
***p<0.001 when comparing gene expression in PC3 or DU145 vs.
CWR22Rv1.



Statical analysis. The differences in each gene expression were
compared between PC3 and CWR22Rv1 cells, PC3 and DU145
cells, or CWR22Rv1 and DU145 cells. The 2-tailed t-test was
assessed by Microsoft Excel, and a value of p<0.05 was
considered significant.

Results

The single expression of CD133 was low in all three prostate
cancer cell lines, and the single expression of CD44 was also
low in CWR22Rv1 cells (Table I). In contrast, CD44
expression was high in both PC3 and DU145 cells and both
cell lines showed over 90% expression. However, the co-
expression of CD44 and CD133 was the highest in
CWR22Rv1, whereas the co-expression was lower than 4%
in PC3 and DU145 cells (Table I).

The expression of PCA3, KLK4, and KLK9 in each cell
line is shown in Figure 1. For PC3 and DU145 cells, the
expression of PC3 and KLK4 was similar to their own
expression of b-actin (Figure 1A and B). In contrast, the fold
change of PC3 and KLK4 on CWR22Rv1 cells was large
when compared to its own b-actin expression, suggesting the
expression of these two genes was high (Figure 1A-B). The
expression of KLK9 was lower than 0.0004 in all three cell
lines, indicating that KLK9 expression was very similar to
their own b-actin expression (Figure 1C).

The 2-ΔΔCt analysis was also utilized and the comparison
is demonstrated in Table II. The expression of PCA3,
KLK4, and KLK9 in DU145 cells was similar to that in PC3
cells. The relative expression of PCA3 and KLK4 in
CWR22Rv1 cells was much higher compared with that in
PC3 and DU145 cells. The relative expression of KLK9 in
CWR22Rv1 was close to 1, but there was significant
difference when compared with KLK9 expression in PC3
cells.

Discussion

The flow cytometric results in the current study are in
accordance with those of our previous study: both PC3 and
DU145 displayed CD44highCD133low, and CWR22Rv1
showed (CD44+CD133+)high. Interestingly, the expression
pattern of PCA3 and KLK4 was similar to that of CD44 and
CD133 expression. Both PC3 and DU145 demonstrated low
expression of PCA3 and KLK4 because the expression was
similar to their endogenous b-actin expression, whereas the
expression of both genes was high in CWR22Rv1 (Table
III). However, the expression of KLK9 was low in three
prostate cancer cell lines. The results showed that the
expression of biomarkers in PC3 and DU145 was similar,
while CWR22Rv1 displayed different expression pattern of
biomarkers.

PC3 and DU145 cells are indeed more similar, both do
not express androgen receptor (AR) mRNA/protein or
prostate specific antigen (PSA) mRNA/protein (11). In
contrast, AR mRNA/protein and PSA mRNA can be
detected in CWR22Rv1 cells but not the PSA protein (11).
PCA3 and KLK4 have been suggested to be involved in
prostate cancer cell proliferation and survival through AR
signaling (12, 13). The doubling time of these three cell
lines is approximately 40 hours (11). It is possible that cell
proliferation of CWR22Rv1 is via AR signaling resulting in
high expression of PCA3 and KLK4, whereas low
expression of these two genes in PC3 and DU145 cells
results from the absence of AR signaling. Blocking AR
signaling in CWR22Rv1 cells might result in low
expression of PCA3 and KLK4, which was observed in PC3
and DU145 cells in this study. In addition, KLK9 expression
is low in all three cell lines. The role of KLK9 in prostate
cancer is still unclear; it has only been shown that KLK9
expression was increased in recurrent tissue of prostate
cancer patients (7). It is possible that KLK9 expression
might be considered as a biomarker for analyzing tissues
after treatment, but not suitable for early detection.

Biomarkers are not only used for detection of cancers
pre- and post-treatment, but also considered as therapeutic
targets (14). However, more studies have demonstrated that
more than one biomarker needs to be considered when
diagnosing and designing treatments for cancer patients (5).
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Table II. The relative expression of prostate cancer antigen 3 (PCA3),
kallikrein 4 (KLK4), and KLK9 in three different prostate cancer cell
lines. The values represent mean±standard deviation.

Cell line                         PC3                  DU145               CWR22Rv1     

2-ΔΔCt
PCA3                         1.00±0.00           0.12±0.04        29.39±3.88**;+++
KLK4                        1.00±0.00           1.23±0.88         108.83±96.47*;+
KLK9                        1.00±0.00           2.16±0.97              3.31±0.18*

*p<0.05 or **p<0.01 when comparing gene expression in CWR22Rv1
vs. PC3. +p<0.05 or +++p<0.001 when comparing gene expression in
CWR22Rv1 vs. DU145.

Table III. The summary of biomarker expression in three different
prostate cancer cell lines.

Cell line                         PC3                DU145                CWR22Rv1

Biomarkers
CD44 and CD133      CD44high          CD44high        (CD44+CD133+)high
PCA3                             Low                  Low                         High
KLK4                             Low                  Low                         High
KLK9                             Low                  Low                         Low

PCA3: Prostate cancer antigen 3; KLK4: kallikrein 4; KLK9: kallikrein 9.



Before applying any new treatments to patients, cancer cell
lines are the first model used to analyze and validate them.
Even for the same prostate cancer cell line, it has been
shown that different subgroups demonstrate distinct
properties. For example, CD44high/CD49high PC3 cells
showed better proliferative and clonogenic potential than
CD44low/CD49low PC3 cells (15). Therefore, whether a
biomarker can be used as a prognostic marker requires
careful investigation and verification. Testing serum levels
of PSA has been a golden standard for early detection of
prostate cancer, but it has also been a problem for
overdiagnosis (5). If other biomarkers, such as spermidine
synthase, can be used along with PSA screening, a more
accurate prognosis can be achieved (16). 

This study observed two groups of prostate cancer cell
lines: DU145 and PC3 were CD44highCD133low;
PCA3lowKLK4lowKLK9low, while CWR22Rv1 was
(CD44+CD133+)high; PCA3highKLK4highKLK9low. The
results suggested that it is critical to characterize the changes
in different biomarkers in prostate cancer cells under
different culture conditions (maintaining stemness or
differentiation) or under different treatments, in order to
understand variabilities of prostate cancer cells. 

Conclusion

In this study, the distinct expression pattern of surface and
genetic biomarkers in different prostate cancer cell lines was
shown. Two groups of prostate cancer stem cell lines could
be observed: high expression of CD44 with low expression
of PCA3, KLK4, and KLK9; high expression of both CD44
and CD133 with high expression of PCA3 and KLK4. The
results suggested that both surface and genetic biomarkers
should be taken into account for predicting the prognosis of
prostate cancer. 

Conflicts of Interest

The Authors declare no conflicts of interest in relation to this study.

Authors’ Contributions

All Authors contributed to the study conception and design. P.-Y.
Chen performed laboratory experiments. C.-Y. Su, G.-C. Huang, and
I.-C. Chen analyzed data. C.-Y. Su wrote the manuscript. G.-C.
Huang, Y.-J. Chen and H.-W. Fang reviewed the data and analysis
and revised the manuscript. All Authors have read and approved the
final manuscript.

Acknowledgements

This study was supported by the National Taipei University of
Technology and Mackay Memorial Hospital Joint Research
Program, NTUT-MMH-109-02.

References
1 Han X, Hu X, Zhao J, Jemal A and Yabroff KR: Identification

of deaths caused by cancer and COVID-19 in the US during
March to December 2020. JAMA Oncol: e224315, 2022. PMID:
36173612. DOI: 10.1001/jamaoncol.2022.4315

2 Chakravarty D, Ratnani P, Sobotka S, Lundon D, Wiklund P,
Nair SS and Tewari AK: Increased hospitalization and mortality
from COVID-19 in prostate cancer patients. Cancers (Basel)
13(7): 1630, 2021. PMID: 33915795. DOI: 10.3390/cancers
13071630

3 Zhou K, Arslanturk S, Craig DB, Heath E and Draghici S:
Discovery of primary prostate cancer biomarkers using cross
cancer learning. Sci Rep 11(1): 10433, 2021. PMID: 34001952.
DOI: 10.1038/s41598-021-89789-x

4 Su CY, Huang GC, Chang YC, Chen YJ and Fang HW:
Analyzing the expression of biomarkers in prostate cancer cell
lines. In Vivo 35(3): 1545-1548, 2021. PMID: 33910833. DOI:
10.21873/invivo.12408

5 Kontos CK, Adamopoulos PG and Scorilas A: Prognostic and
predictive biomarkers in prostate cancer. Expert Rev Mol Diagn
15(12): 1567-1576, 2015. PMID: 26548550. DOI:
10.1586/14737159.2015.1110022

6 Lemos AEG, Matos ADR, Ferreira LB and Gimba ERP: The
long non-coding RNA PCA3: an update of its functions and
clinical applications as a biomarker in prostate cancer.
Oncotarget 10(61): 6589-6603, 2019. PMID: 31762940. DOI:
10.18632/oncotarget.27284

7 Boyukozer FB, Tanoglu EG, Ozen M, Ittmann M and Aslan ES:
Kallikrein gene family as biomarkers for recurrent prostate
cancer. Croat Med J 61(5): 450-456, 2020. PMID: 33150763.

8 Avgeris M and Scorilas A: Kallikrein-related peptidases (KLKs)
as emerging therapeutic targets: focus on prostate cancer and
skin pathologies. Expert Opin Ther Targets 20(7): 801-818,
2016. PMID: 26941073. DOI: 10.1517/14728222.2016.1147560

9 Dubrovska A, Elliott J, Salamone RJ, Telegeev GD, Stakhovsky
AE, Schepotin IB, Yan F, Wang Y, Bouchez LC, Kularatne SA,
Watson J, Trussell C, Reddy VA, Cho CY and Schultz PG:
CXCR4 expression in prostate cancer progenitor cells. PLoS
One 7(2): e31226, 2012. PMID: 22359577. DOI: 10.1371/
journal.pone.0031226

10 Wang L, Huang X, Zheng X, Wang X, Li S, Zhang L, Yang Z
and Xia Z: Enrichment of prostate cancer stem-like cells from
human prostate cancer cell lines by culture in serum-free
medium and chemoradiotherapy. Int J Biol Sci 9(5): 472-479,
2013. PMID: 23781140. DOI: 10.7150/ijbs.5855

11 Cunningham D and You Z: In vitro and in vivo model systems
used in prostate cancer research. J Biol Methods 2(1): e17, 2015.
PMID: 26146646. DOI: 10.14440/jbm.2015.63

12 Ferreira LB, Palumbo A, de Mello KD, Sternberg C, Caetano
MS, de Oliveira FL, Neves AF, Nasciutti LE, Goulart LR and
Gimba ER: PCA3 noncoding RNA is involved in the control of
prostate-cancer cell survival and modulates androgen receptor
signaling. BMC Cancer 12: 507, 2012. PMID: 23130941. DOI:
10.1186/1471-2407-12-507

13 Jin Y, Qu S, Tesikova M, Wang L, Kristian A, Mælandsmo GM,
Kong H, Zhang T, Jerónimo C, Teixeira MR, Yuca E, Tekedereli
I, Gorgulu K, Alpay N, Sood AK, Lopez-Berestein G, Danielsen
HE, Ozpolat B and Saatcioglu F: Molecular circuit involving
KLK4 integrates androgen and mTOR signaling in prostate

in vivo 37: 242-246 (2023)

245



cancer. Proc Natl Acad Sci USA 110(28): E2572-E2581, 2013.
PMID: 23798432. DOI: 10.1073/pnas.1304318110

14 Walcher L, Kistenmacher AK, Suo H, Kitte R, Dluczek S, Strauß
A, Blaudszun AR, Yevsa T, Fricke S and Kossatz-Boehlert U:
Cancer stem cells-origins and biomarkers: perspectives for
targeted personalized therapies. Front Immunol 11: 1280, 2020.
PMID: 32849491. DOI: 10.3389/fimmu.2020.01280

15 Erb HHH, Guggenberger F, Santer FR and Culig Z: Interleukin-
4 induces a CD44high/CD49bhigh PC3 subpopulation with tumor-
initiating characteristics. J Cell Biochem 119(5): 4103-4112,
2018. PMID: 29236307. DOI: 10.1002/jcb.26607

16 Kwon OK, Ha YS, Na AY, Chun SY, Kwon TG, Lee JN and Lee
S: Identification of novel prognosis and prediction markers in
advanced prostate cancer tissues based on quantitative
proteomics. Cancer Genomics Proteomics 17(2): 195-208, 2020.
PMID: 32108042. DOI: 10.21873/cgp.20180

Received November 2, 2022
Revised November 9, 2022

Accepted November 10, 2022

Su et al: Surface and Genetic Biomarkers on Prostate Cancer Cell Lines

246


