
Abstract. Background/Aim: CD44 and CD133 have been
implicated as biomarkers of cancer cells and their expression
could be analyzed to identify circulating tumor cells.
Although CD44 and CD133 have been shown to be expressed
in prostate cancer cells, a differential expression pattern has
been reported depending on the tumor stage and cell line
examined. We further investigated CD44 and CD133
expression in different prostate cancer cell lines to confirm
whether their expression is distinguishable among patients
with various tumor stages. Materials and Methods:
CWR22Rv1, PC3, LNCaP, and DU145 cell lines were
cultured and the cell morphology was observed for three
days. The single expression of CD44 or CD133 and their
combined expression were analyzed by flow cytometry.
Results: We report that the single expression of CD133 was
less than 5% in all cell lines examined here. PC3 and DU145
cells displayed a high expression of CD44 (>93%), while the
expression of CD44 was less than 4% in CWR22Rv1 and
LNCaP cells. CWR22Rv1 was the only cell line that
demonstrated a high co-expression of both CD44 and CD133.
Conclusion: Both single and combined expression of CD44
and CD133 should be considered when validating the
detection of prostate cancer cells in circulating tumor cells.

In developed countries, prostate cancer has become a leading
cause of death among men (1). Men aged over 55 are
recommended to have prostate-specific antigen screening (2,
3). Among all the screening methods, circulating tumor cell
(CTC) detection is currently an accepted method for early
cancer detection and tumor progression monitoring (4).
Therefore, the selection of biomarkers is critical in order to
assure the accuracy of CTC detection results. 

CD44+/α2β1high/CD133+ cells have been isolated from
DU145 prostate cancer cells as putative cancer stem cells (5).
The combination of CD44+CD133+ expression was enriched in
PC3 and DU145 prostate cancer cells, and these CD44+CD133+
cells had a tumor-initiating potential (6). In addition,
CD44+CD24– cells displayed stem cell properties when isolated
from LNCaP cells (7). Most studies have focused only on the
expression of individual or combined biomarkers without taking
into account the expression level, which may provide false
positive or false negative results while using CTCs for detecting
prostate cancer. Therefore, we investigated the expression of
both CD44 and CD133 in various human prostate cancer cell
lines to evaluate whether they can be reliable biomarkers for
prostate cancer detection in CTCs. 

Materials and Methods

Cell lines and cell culture. The CWR22Rv1, PC3, LNCaP and
DU145 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% FBS (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). The
initial seeding concentration was 1×105 cells/ml and cells were
cultured at 37˚C in a 5% CO2 incubator. Cell growth was observed
at 24 (Day 1), 48 (Day 2), and 72 hours (Day 3) after seeding.
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Cell concentration by cell count. Cells were trypsinized after being
cultured for 3 days and were concentrated by centrifugation. Cells
were resuspended in 1 ml of phosphate buffered saline (PBS,
UniRegion Bio-Tech, Taiwan, ROC), and 100 μl of cells was
transferred into a new microcentrifuge tube. An equal volume of of
trypan blue was then added and 20 μl of stained cells were loaded
onto a hemocytometer and counted.

Flow cytometric analysis. CD44 (BD Pharmingen, San Diego, CA,
USA) and CD133 (BioLegend, San Diego, CA, USA) were
analyzed in this study (8, 9). Prostate cancer stem cells were washed
with phosphate buffered saline (PBS, UniRegion Bio-Tech), and
stained with antibodies for 30 minutes on ice in the dark. The
samples were then washed with PBS for 3 times, and analyzed by
the FACScalibur flow cytometer (Becton Dickinson, Franklin
Lakes, NJ, USA). The flow cytometry results were evaluated using
CellQuest Pro (BD Biosciences, Franklin Lakes, NJ, USA). The
flow cytometry experients were repeated three times for each cell
line, and 5,000 cells were analyzed each time. The expression
pattern in the Figure 1 dotplots was from one representative flow
cytometry experiment.

Results 

The initial seeding concentration of all the prostate cancer
cell lines was the same, and the morphology of cells was
round at day 1 (Figure 2A). LNCaP cells were more
elongated, and the other three cell lines were flatter at day 3
(Figure 2C). The density of LNCaP cells was lower after 1
day, while the density of CWR22Rv1 and PC3 was similar.
Indeed, we observed the density of CWR22Rv1, PC3, and
DU145 was higher than the density of LNCaP cells at day 3
(Table I). 

Despite the differences in the proliferation rates, all cells
were cultured to achieve the confluence for flow cytometric
analysis. The expression of CD133 was low in all cell lines,
while the expression of CD44 was distinct (Table II). The
expression of CD44 was over 93% in PC3 and DU145 cells,
and less than 4% in CWR22Rv1 and LNCaP cells (Table II).
The co-expression of CD44 and CD133 was around 87% in
CWR22Rv1 cells, but the co-expression was lower than 3%
in PC3, LNCaP, and DU145 cells (Table II and Figure 1).

Discussion
Prostate cancer cell lines used in this study were derived
from patients with different conditions (10). Each cell line
contains different mutations, resulting in distinct
proliferation rates. The morphology of each cell line was
similar to what has been previously reported (11). We
observed a faster growth rate for CWR22Rv1, PC3, and
DU145 cells, and a slower proliferation for LNCaP cells.
Indeed, it has been shown that the doubling time of
CWR22Rv1, PC3, and DU145 is between 33 and 40 hours
while LNCaP is between 60 and 72 hours (10). The
proliferation of LNCaP has been shown to be androgen-
responsive, thus LNCaP cells needed to be cultured in
androgen-reducing or serum free medium for a faster
growth (11, 12). 

Concerning CD133, our results showed that its expression
was very low. It was not surprising since it has been shown
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Figure 1. Expression of CD44 and CD133, and their co-expression in CWR22Rv1, PC3, LNCaP and DU145 cells, analysed by flow cytometry. The
co-expression of CD44 and CD133 is denoted as percentage of total cells in the right top quarter.

Table II. The single and combined expression of CD44 and CD133 in
different prostate cancer cell lines. The numbers represent
mean±standard deviation. 

Marker                        CWR22Rv1       PC3           LNCaP        DU145

CD44+ (%)                   3.17±3.69   93.35±3.53   0.16±0.13   96.92±0.93
CD133+ (%)                 2.38±2.43    1.74±2.92    4.71±0.49    0.18±0.16
CD44+CD133+ (%)     87.04±1.99   2.32±2.57    0.33±0.28    0.72±0.64

Table I. Cell concentration of different prostate cancer cell lines after
culturing for 3 days. The initial concentration used for seeding was
1×105 cells/ml.

Cancer cell line       CWR22Rv1          PC3              LNCaP         DU145

Cells/ml                      1.3×107          0.92×107        0.08×107        1×107



that the expression of CD133 is extremely low in tumors
isolated from prostate cancer patients, and the expression is
even lower when cells are passaged multiple times (13).
Similarly, when CD133+ cells were sorted from the
CWR22Rv1 cell line, only 6% of cells remained CD133+
after 2 weeks of culture (14). Therefore, it is still unclear
whether CD133 is critical for the maintenance of prostate
cancer cell characteristics. 

Our results demonstrated that the high expression of CD44
was only observed in PC3 and DU145 cells. The single
expression of CD44 was low in CWR22Rv1 cells, but the
co-expression of CD44 and CD133 was high. It has been
shown that CD44 is associated with prostate cancer
proliferation (15). It is possible that the faster proliferation
rate we observed in PC3, DU145, and CWR22Rv1 could
correspond to the high expression of CD44 and/or CD133.

In addition, CD133+ cells have been demonstrated to
proliferate faster than CD133- cells (16). The low expression
of CD44 and CD133 in LNCaP cells might be associated
with their slow proliferation rate. However, whether the
expression of CD44 and CD133 affects the proliferation rate
or vice versa requires further investigation. 

We could divide prostate cancer stem cell lines into three
groups: DU145 and PC3 were CD44highCD133low,
CWR22Rv1 was (CD44+CD133+)high, and LNCaP displayed
CD44lowCD133low characteristics. We speculate that these
results reflect the limit of detecting prostate cancer using
CTCs when only considering the expression of biomarkers.
In future studies, we will focus on characterizing the
biomarkers’ expression of prostate cancer cell lines under
various differentiation stages to mimic the clinical situation
of patients with different tumor stages. 
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Figure 2. Morphology of CWR22Rv1, PC3, LNCaP and DU145 cells when cultured for 1, 2, and 3 days. The scale bar represents 100 μm.



Conclusion

In this study, the distinct cell proliferation rates were
demonstrated when four different prostate cancer cell lines
were cultured. The distinct expression pattern of CD44 and
CD133 in different prostate cancer cell lines was also shown,
suggesting that both single and co-expression of CD44 and
CD133 should be taken into account when identifying
prostate cancer cells in CTCs in order to evaluate the state
of prostate cancer progression. 
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