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ml pipette to collect the organoids from 24-well 
plates into 15-ml tubes.

PFA was aspirated.

10 ml water was added into the tubes.

The tubes were centrifuged again and PFA was 
removed.

Pre-staining of the organoids was performed 
using trypan blue, in order to identify the or- 
ganoids during paraffin embedding and 
sectioning.

Organoids were dehydrated with 95% ethanol 
at 4°C overnight, followed with 95% ethanol for 

15 min, 100% ethanol for 15 min, and 100% 
ethanol for 15 min. 

Organoids were cleared in xylene twice and 
embedded in paraffin. 

Paraffin-embedded organoids were cut into 
4-µm thick sections.

Organoid sections were stained with hematoxy-
lin (Biocare Medical, catalog #CATHE-MM) & 
eosin (Biocare Medical, catalog #HTE-MM) 
solutions according to the manufacturer’s 
instructions.

Organoids sections were stained with mouse 
anti-p63 antibody (1:500 dilution) and rabbit 

Figure 1. Representative photomicrographs of organoid culture of LNCaP and C4-2B cells at different time points.
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anti-androgen receptor antibody (1:200 dilu-
tion), together with Vectastain® ABC kits (Vector 
Laboratories) as described previously [16]. For 
negative control, PBS was used to replace the 
primary antibody.

Quantitative real-time reverse transcription-
polymerase chain reaction (qRT-PCR) analysis

Organoids (2 wells per group) and monolayer-
cultured cells (1 well of 6-well plates per group) 
were treated without (as control group) or with 
20 ng/ml recombinant human IL-17A for 3 
hours.

Organoids (2 wells of organoids were pooled 
together into one sample) and monolayer-cul-
tured cells were harvested for total RNA extrac-
tion using a NucleoSpin® RNA kit according to 
the manufacturer’s instructions. 

cDNA was synthesized from total RNA using a 
PrimeScriptTM reverse transcription kit accord-
ing to the manufacturer’s instructions.

qRT-PCR was performed in triplicates with the 
iQ SYBR Green Supermix and an iQ5 iCycler 
PCR machine (Bio-Rad Laboratories) following 
the manufacturer’s protocols.

Results were normalized to GAPDH levels using 
the formula Δ cycle threshold (Ct) = Ct of target 
gene-Ct of GAPDH. The mRNA level of the con-
trol group (not treated with IL-17A) was used as 
the baseline; therefore, ΔΔCt was calculated 
using the formula ΔΔCt = ΔCt of target gene - 
ΔCt of the baseline. The fold change of mRNA 
level was calculated as fold = 2-ΔΔCt.

Statistical analysis

All experiments were replicated three times. 
Data were represented with mean ± standard 
error of the mean (SEM) of 3 independent 
experiments (n=3). Student’s t test (2-sided) 
was used to analyze the data. A P < 0.05 is con-
sidered statistically significant.

Results

At the beginning of organoid culture (day 1), 
LNCaP cells (Figure 1A, 1D) and C4-2B cells 

(Figure 1G, 1J) mostly presented as single cells 
suspended in MatrigelTM. A few cells presented 
as an aggregate of two cells or three cells. At 
day 7, LNCaP cells (Figure 1B, 1E) and C4-2B 
cells (Figure 1H, 1K) started to present aggre-
gates of multiple cells. At day 14, organoids 
were formed as aggregates of LNCaP cells 
(Figure 1C, 1F) and C4-2B cells (Figure 1I, 1L). 
It was technically difficult to count the number 
of cells per organoid, but we measured the size 
of representative organoids. The average diam-
eter of LNCaP organoids was 120.7 µm (stan-
dard deviation: 30.6 µm; range: 73.9-180.9 
µm; n=15). The average diameter of C4-2B 
organoids was 90.9 µm (standard deviation: 
32.5 µm; range: 48.0-160.6 µm; n=15).

To check the internal structure of the organ-
oids, we stained the organoid sections with 
hematoxylin and eosin (H&E). We found that 
both LNCaP organoids and C4-2B organoids 
presented as glandular structures (Figure 2A, 
2B). We also stained the organoid sections for 
p63 (a marker of prostatic basal cells) and AR 
(a marker of prostatic luminal cells). We found 
that all cells in the organoids were negative for 
p63 staining (Figure 2C-F). On the other hand, 
all cells in the organoids were positive for AR 
staining (Figure 2G, 2H).

To assess if the cells in the organoids respond 
to external stimuli differently from the cells in 
the monolayer culture, we treated the organ-
oids and monolayer-cultured cells with recom-
binant IL-17A for 3 hours and analyzed expres-
sion of IL-17A-downstream genes CXCL1 and 
CCL20. We found that IL-17A induced higher 
levels of CXCL1 and CCL20 expression in 
monolayer-cultured LNCaP cells than LNCaP 
organoids (Figure 3A). In contrast, IL-17A 
induced higher levels of CXCL1 and CCL20 
expression in C4-2B organoids than monolayer-
cultured C4-2B cells (Figure 3B).

Discussion

Organoid culture has been rapidly accepted by 
all research communities during the past 
decade to study stem cells, organ development 
and function, and patient-specific diseases [10-

Figure 2. Representative photomicrographs of stained LNCaP and C4-2B organoid sections. A, B. Hematoxylin and 
eosin (H&E) staining. C, D. Negative control of immunohistochemical staining using PBS to replace the primary anti-
body. E, F. Immunohistochemical staining of p63. G, H. Immunohistochemical staining of androgen receptor. Arrows 
indicate the organoids. Magnification: × 100 for the background images and × 400 for the images in the red frames.
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12]. A standard protocol for organoid culture of 
human and mouse prostate epithelial and can-
cer tissues has been published previously [11]. 
However, organoid culture of the commonly 
used human prostate cancer cell lines LNCaP 
and C4-2B has not been reported. In the pres-
ent study, we followed the reported protocol 
[11] to set up organoid culture of LNCaP and 
C4-2B cells. We found that LNCaP and C4-2B 
organoids were formed after 14-days culture in 
Matrigel™ and the organoid culture medium 
that was previously defined [11]. The organoids 
contained luminal adenocarcinoma cells as evi-
denced by AR expression, but not basal cells 
that express p63. We also found that the cells 
in the organoids responded to IL-17A treatment 
differently from the monolayer-cultured cells. 
The exact mechanisms that caused the differ-
ences are not clear, but hypothetically it reflects 
the differences between the 3-dimensional 
organoid culture and 2-dimensional monolayer 
culture. We learned a few things through estab-
lishing the organoid culture of LNCaP and 
C4-2B cells. First, 293T-HA-RspoI-Fc cell line  
is needed for large-scale organoid culture 
because the recombinant R-spondin 1 protein 
is very expensive to purchase, yet it is essential 
for organoid culture. This cell line can be pur-
chased from Trevigen, Inc. (Gaithersburg, MD) 
with a simple Material Transfer Agreement. The 
original developer Dr. Calvin Kuo does not pro-
vide this cell line anymore. Second, a few criti-
cal steps are noticed. The most critical step is 
how to make the drops of MatrigelTM containing 
the cells. The published protocol did not 
describe how to make the 40-µl drop contain-
ing 20,000 cells [11]. We found that a drop of 

MatrigelTM was approximately 40 µl if dripped 
from a 10-ml pipette, and each drop contained 
approximately 10,000 cells if 1 ml MatrigelTM 
was mixed gently with 250,000 cells. We think 
that the detailed procedures presented in this 
manuscript will be very helpful to prostate can-
cer researchers who want to perform organoid 
culture of LNCaP and C4-2B cell lines as well as 
other prostate cancer cell lines.
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