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Abstract

Fallopian tube epithelial cells (FTEC) are thought to be the cell of origin of high-grade serous ovarian carcinoma. FTEC
organoids can be used as research models for the disease. Nevertheless, culturing organoids requires a medium supplemented
with several expensive growth factors. We proposed that a combined conditioned medium based on the composition of
the fallopian tubes, including epithelial, stromal, and endothelial cells could enhance FTEC organoid formation. We derived
two primary culture cell lines from the fimbria portion of the fallopian tubes. The organoids were split into conventional or
combined medium groups based on what medium they were grown in and compared. The number and size of the organoids
were evaluated. Quantitative polymerase chain reaction (QPCR) and immunohistochemistry (IHC) were used to evaluate
gene and protein expression (PAX8, FOX]I, beta-catenin, and stemness genes). Enzyme-linked immunosorbent assay was
used to measure Wnt3a and RSPO | in both mediums. DKK1 and LiCl were added to the mediums to evaluate their influence
on beta-catenin signaling. The growth factor in the combined medium was evaluated by the growth factor array. We found
that the conventional medium was better for organoids regarding proliferation (number and size). In addition, WNT3A
and RSPOI concentrations were too low in the combined medium and needed to be added making the cost equivalent to
the conventional medium. However, the organoid formation rate was 100% in both groups. Furthermore, the combined
medium group had higher PAX8 and stemness gene expression (OLFM4, SSEA4, LGRS, B3GALTS5) when compared with
the conventional medium group. Wnt signaling was evident in the organoids grown in the conventional medium but not
in the combined medium. PLGF, IGFBP6, VEGF, bFGF, and SCFR were found to be enriched in the combined medium. In
conclusion, the combined medium could successfully culture organoids and enhance PAX8 and stemness gene expression.
However, the conventional medium was a better medium for organoid proliferation. The expense of both mediums was
comparable. The benefit of using a combined medium requires further exploration.
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Introduction

Epithelial ovarian cancer is responsible for a fifth of all can-
cer deaths among women'. The most lethal type is high-grade
serous ovarian carcinoma (HGSOC)'. More than 220,000
new cases of ovarian cancer are diagnosed worldwide every
year?. The 5-year survival rate is only 30%-40% often due to
patients discovering the disease in its late stage!. Therefore,
identifying how to detect the disease at an early stage and
effective interventions for its carcinogenesis is critical.

Fallopian tube epithelial cells (FTEC) are regarded as the
cell origin of HGSOC3. Cancer progression of these cells is
characterized by a p53 signature caused by the expansion of
TP53-mutated progenitor cells which is defined as the first
stage of carcinogenesis*®. This p53 signature can progress to
serous tubal intraepithelial carcinoma and HGSOC?. Previous
studies have indicated FTEC may follow the classical cancer
evolution model from precancerous to cancerous lesions by
clonal expansion and accumulation of driver mutations®.

The current research model for ovarian cancer includes
patient-derived xenografts and tumor cell lines”. Nevertheless,
those models owned disadvantages: construction of a cell
line is time-consuming, loss of genetic characteristics after
long-term culture, and animal care facilities require an
investment’™. Therefore, the organoid is developed for can-
cer research!’. 3D organoid models can provide micro-anat-
omies with similar elements and structures to primary
tissues'!. They also offer models corresponding to the in vivo
status of organs and a steady system for long-term cultur-
ing!!. Tumor organoids can conquer the disadvantages men-
tioned above of current research models’.

The conventional culture medium for organoids consists of
a lot of growth factors, including Wnt3a, RSPO1, N2, B27, epi-
dermal growth factor (EGF), and fibroblast growth factor
(FGF)10'2. We estimated the expense for 50 ml of conventional
culture medium to be US$646. Therefore, organoid experi-
ments are extremely expensive. For this reason, we aimed to
develop an economic and effective medium for culturing
organoids. We previously developed an organoid model using
cocultured FTEC, human umbilical vein endothelial cells
(HUVEC), and fallopian tube stromal cells (FTMSC)'3. The
combined cell cultures mimicked the fallopian tube microenvi-
ronment. We derived the conditioned medium from the typical
mediums of the three cells to create adequate coculturing con-
ditions (the estimated expense was US$80 for 50 ml).

This study aimed to compare the conventional culture
medium to our condition medium in the formation and dif-
ferentiation of organoids. The content of both organoid cul-
ture medias, Wnt/beta-catenin signaling, and stemness gene
and protein expression of the organoids were assessed.

Materials and Methods

Ethical Concern

All experiment protocols were proved by the Research Ethical
Committee of Hualien Tzu Chi Hospital (IRB 109-221-A).

The experiments were performed in accordance with relevant
guidelines and regulations. All participants provided informed
consent.

FTEC Derivation

We derived two primary culture FTEC lines (A0l and A03)
from the fallopian tubes of 2 patients who visited our hospi-
tal between January 2021 to December 2021 and underwent
a hysterectomy accompanied by a salpingectomy or adnexal
removal surgery for a benign gynecologic indication. The
inclusion criteria were premenopausal patients who under-
went a hysterectomy accompanied by a salpingectomy or
adnexal removal surgery for a benign gynecologic indica-
tion. The exclusion criteria were women experiencing uter-
ine or ovarian benign pathologies that were not suitable for
surgical exploration or refused to join this experiment.

The fimbria portion of the fallopian tubes was used. For
FTEC culturing, the fimbriae were rinsed with 5 mM EDTA
and cultured in 1% trypsin for 45 min (Invitrogen, Grand
Island, NY, USA). To separate the epithelial and stromal lay-
ers, the fallopian tubes were put in a digest medium consist-
ing of 0.8 mg/ml of collagenase in DMEM (Gibco,
ThermoFisher, Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS; Biological Ind., Kibbutz,
Israel) and 5 pg/ml of insulin (Sigma-Aldrich, St. Louis,
MO, USA) at 37°C for 45 min. After digestion, the dissoci-
ated epithelial layer was cultured in prewarmed 0.05% tryp-
sin-EDTA (Invitrogen). A 22-gauge needle was used to
dissociate the tissue into single cells that were bypassed five
times. Trypsinization was stopped by adding DMEM con-
taining 10% FBS. The derived FTEC were cultured on wells
coated with gelatin for the following experiments (2D cell
culture).

FTMSCs Derivation

The protocol for FTMSC derivation was described in our
previously published paper'®. Briefly, the fallopian tube
stroma was dissociated from the epithelium layer, washed
with 5SmM EDTA and then incubated in 1% trypsin for 45
min. For digestion, the stroma layer was placed in 0.8 mg/ml
collagenase, DMEM-low glucose, 10% FBS, and 5 pg/ml
insulin and incubated for 45 min at 37°C. A 22-gauge needle
was used for dissociation of the pellet into single cells that
were bypassed five times. DMEM-low glucose and 10%
FBS were added to stop digestion. The FTMSCs were plated
into 10 cm dishes, grown and passaged in a 1:3 ratio.

HUVEC Cultures

The HUVEC were purchased from the Bioresource
Collection and Research Center (BCRC, Hsinchu, Taiwan)'3.
Endothelial Cell Medium was used to culture the cells
(Promocell, Heidelberg, Germany), which was replaced
every 2-3 days.
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Combined Medium Collection

The combined medium consisted of the conditioned medium
derived from the FTEC, FTMSC, and HUVEC. The medium
for culturing FTEC consisted of DMEM with 10% FBS and
5 pg/ml of insulin. The basal medium for FTMSC consisted
of DMEM-low glucose and 5% FBS. The medium for cultur-
ing HUVEC was Endothelial Cell Medium (Promocell)
which was changed every 2-3 days. After the cells prolifer-
ated to 80% confluence of the area of a 15-cm dish, the cul-
ture medium was changed to a serum-free medium (20 ml)
and then collected after 24 hours. The combined medium
was derived from mixing the conditioned medium from the
FTEC, FTMSC, and HUVEC in a ratio of 10:7:2 according
to the previous studies'>!4,

Conventional Medium

The conventional medium was composed of DMEM supple-
mented with 1000 ng/ml of Wnt3a, 200 ng/ml of RSPO1 (R
& D, Minneapolis, MN, USA), 1% glutamax, 12mM HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), 1%
N2, 2% B27, 10 ng/ml of EGF (Invitrogen), 100 ng/ml of
FGF10 (Peprotech), 100 ng/ml of noggin, | mM of nicotin-
amide, 0.5 uM of TGF-B R kinase inhibitor IV (SB431542,
Sigma), and 9 uM of ROCK inhibitor (Y-27632, Sigma).

Organoid Culturing

For organoid culturing, we adopted the protocol from a pre-
vious report but with slight modifications'2. A total of 25,000
fresh isolated FTECs were cultured in one of six well dishes,
mixed with 50 ul of 1% Matrigel (BD Matrigel Basement
Membrane Matrix), and overlaid with 500 ul of the specified
organoid culture medium and placed in a 5% CO2 atmo-
sphere at 37°C. The medium was replaced every other day.
The organoid cultures were divided into two experimental
groups based on the combined and conventional mediums.

Organoid Numbers and Sizes

An organoid with a diameter of more than 100 pm was cat-
egorized as large. An organoid diameter of <100 um was
categorized as small. The number and size of the organoids
from each group were counted and compared on day 21
(average of six, 40X field views).

To measure proliferation, the six largest organoids from
each group were measured for diameter on days 7, 14, and
21. The mean diameter plus standard deviation was calcu-
lated and compared.

Immunohistochemistry

Organoids were embedded in an optimum cutting tempera-
ture (OCT) compound (Thermo Fisher Scientific, MA, USA)

and stored at —80°C. The OCT-embedded organoids were
sectioned at 5 pum thickness. The sections were removed
from the OCT, washed with phosphate-buffered saline
(PBS), and fixed with 4% paraformaldehyde for 15 min. The
sections were permeabilized with 0.1% Triton X-100,
blocked with 5% FBS, and treated with primary antibodies
(1:100, FOXJ1 [ciliated cell marker], 1:100, PAX8 [secre-
tory cell marker]|, and 1:100, beta-catenin, all purchased
from Abcam) for 1.5 h. The sections were washed with PBS
and 0.1% Tween 20, then treated with secondary antibodies
[Fluorescein isothiocyanate (FITC) or phycoerythrin (PE);
Abcam] for 1 h. The sections were then mounted in antifade
solution (Sigma-Aldrich) and washed with PBS plus 0.1%
Tween 20. The nuclei were counterstained with DAPI, and
the slides were subjected to confocal laser-scanning micros-
copy (LSM5 PASCAL,; Carl Zeiss, Jena, Germany).

Enzyme-Linked Immunosorbent Assay

The concentrations of Wnt3a and RSPOL1 in the combined
and conventional mediums were evaluated and compared
using human enzyme-linked immunosorbent assay (ELISA)
kits (Wnt3a and RSPO1, Aviva Systems Biology Corp., San
Diego, CA, USA).

Growth Factor Array

The combined conditioned medium was collected and passed
through a 0.22-pum cell strainer to remove cell debris. The
growth factors secreted from the combined medium were
measured using a growth factor array kit (AAH-GF-1-8,
human growth factor array C1; Raybiotech, Peachtree
Corners, GA, USA) according to the instructions of the man-
ufacturer. A total of 41 growth factors were analyzed.

Adding DKK or LiCl to Inhibit or Promote Beta-
Catenin Expression

A total of 25,000 FTEC were cultured in one of the 6-well
plates, mixed with 50 pl matrigel and overlaid with 500 pl of
combined or conventional culture medium. In the inhibition
assay, the culture medium was treated with 250 ng/ml of
DKKI1 (inhibitor of Wnt signaling, R & D system) for 7 days.
In the activation assay, 10 uM of LiCl (Wnt signaling stimu-
lator, Sigma-Aldrich) was added for 7 days. The medium
was replaced every 2 days. The number and size of the
organoids were observed after 7 days.

Quantification of Stemness Marker Expression of
FTEC Organoids after DKK| or LiCl Treatment

The total RNA of the organoids after treatment for 7 days
[control (combined or conventional medium only), DKKI1,
or LiCI] were extracted using an RNEasy® kit (Qiagen,
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Valencia, CA, United States) according to the manufac-
turer’s instructions. Stemness genes were evaluated using
real-time PCR. The genes and their primer sequences were
as followed'>: OLFM4 (olfactomedin 4, forward: 5°-ACT
GTC GAATTGACATCATGG-3’ and reverse: 5’-TTC
TGAGCTTCCACCAAAACTC-3"), LGR6 (leucine-
rich repeat-containing G-protein—coupled receptor 6, for-
ward: 5-CCTCCTCAGCTTCACCTTG-3> and
reverse: 5’-CTTCCAGGCCTTTCTCTGTG-3"),
b3GalT5 [SSEA3 (stage-specific embryonic antigen-3), for-
ward: 5’-GCAGATCTATGGCTTTCCCGAAGATG-3’ and
reverse: 5’-GTCTCGAGTCAGACAGGCGGACAAT-3’],
LGRS (forward: 5’-ACCCGCCAGTCTCCTACATC-3’
and reverse: 5’-GCATCTAGGCGCAGGGATTG-3’),
ALDHI1 (aldehyde dehydrogenase isoform 1, forward:
5’-CTGCTGGCGACAATGGAGT-3’ and reverse:
5’-GTCAGCCCAACCTGCACAG-3’), 3SSEA4 synthase
(forward: 5’-TGGACGGGCACAACTTCATC-3 and
reverse: 5-GGGCAGGTTCTTGGCACTCT-3"), Notch
signaling gene HES1 (Hes family bHLH transcription factor
1, forward: 5-TTCTGAGCT CCACCAAAACTC-3’
and reverse: 5’-AGGCGCAATCCAATATGAAC-3");
PAXS8 (forward: 5’-CAACAGCACCCTGGACGAC-3’ and
reverse: 5’-AGGGTGAGTGAGGATCTGCC-3’); FOXJ1
(forward: 5’-GGAGGGGACGTAAATCCCTA-3’ and
reverse: 5>-GGTCCCAGTAGTTCCAGCAA-3);
beta-catenin  (forward: 5’-CACAAGCAGAGTGCTGA
AGGTG-3" and reverse: 5’-GATTCCTGAGAGTCCAAA
GACAG-3’). The SuperScript III One-Step RT-PCR kit
(Invitrogen, Grand Island, NY, United States) was used for
complementary DNA synthesis. PCR with AmpliTaq Gold
Kit (Applied Biosystems, Foster City, CA, United States)
was used for amplification. The FastStart Universal SYBR
Green Master kit (Rox) (Roche, Indianapolis, IN, United
States) and ABI Step One Plus system (Applied Biosystems,
Foster City, CA, United States) were used for performing
real-time PCR. The GAPDH gene (forward: 5’-TCT CCT
CTGACT TCAACA GCG AC-3’ and reverse: 5°’-CCC TGT
TGC TGT AGC CAA ATT C-3°) was used as an internal
control. The expression levels of the genes were quantified
by comparison to the internal control and calculated using
the 244t method'®. The experiments were performed in
triplicate.

Statistical Analysis

The Student ¢ test was used for the analysis of continuous
variables. Analysis of variance (ANOVA) and post hoc Tukey
analysis was used for categorical variables. All statistical
analyses were done using SPSS version 24 (IBM, New York,
USA). Data are reported as mean = standard error of the
mean (SEM) unless otherwise indicated. A P value of <0.05
was considered statistically significant.

Table I. The Concentration of Wnt3a and RSPOI in the
Combined and Conventional Mediums Assessed by ELISA.

Combined Conventional
Whnt3a (ng/ml) 55 *0.1 0
RSPOI (ng/ml) 6.8 = 0.1 0

ELISA: enzyme-linked immunosorbent assay.

Results

Whnt3a and RSPO| Combined Medium
Concentration

Table 1 shows the concentration of Wnt3a and RSPO1 in
each medium measured by ELISA. Wnt3a and RSPO1 con-
centrations were very low in the combined medium.
Therefore, to maintain the Wnt signaling during organoid
formation, the same concentration of Wnt3a and RSPO1 that
was in the conventional medium (Wnt3a: 1000 ng/ml,
RSPO1: 200 ng/ml) was added to the combined medium.

The Expense of Both Culture Mediums

The final expense for 50 ml of conventional culture medium
was US$646 (US$1 = 29.28 New Taiwan Dollars). The orig-
inal expense for the combined medium was US$80 for 50 ml.
Nevertheless, due to the necessary Wnt3a (1000 ng/ml) and
RSPO1(200 ng/ml) addition, the final expense for 50 ml
came to US$534.

The Efficiency of Organoid Formation

We successfully derived two organoid lines from three
patient specimens using the conventional medium. The deri-
vation efficiency was 66%. After adding Wnt3a and RSPO1
to the combined medium, a 66% organoid formation success
rate was also achieved.

The Proliferation of the Organoids

Organoid morphology and proliferation were monitored
from day 1 to 21. The morphology of the organoids from
both groups from day 1 to 21 is illustrated in Fig. 1A. The
proliferation rate of the organoids cultured in the conven-
tional medium was faster than that of the combined medium
(P<0.01 onday 7, P <0.001 on days 14 and 21) (Fig. 1B).

After 21 days of culture, the number of organoids measur-
ing >100 um was recorded and compared between the two
groups. The morphology of the organoids in the combined
and conventional medium on day 21 is illustrated in Fig. 2A,
B, respectively. The number of >100 pwm organoids was sig-
nificantly higher in the conventional group than in the com-
bined group (P < 0.01, Fig. 2C).
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Figure |. Gross pictures and the proliferation rates of organoids cultured with different mediums from day | to 21. (A) Upper
panel: combined medium, lower panel: conventional medium. Scale bar = 100 pm. (B) The proliferation rate of the organoids. The
mean diameter (um) of the largest organoids (n = 6 in each group) was calculated at each time point. **P < 0.01; **P < 0.001 when
compared with the combined medium group.
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Figure 2. The number of large organoids (>100 um) cultured in the different mediums after 21 days. Organoids were cultured in the
combined medium (A) and conventional medium (B) after 21 days. Scale bar = 1000 um. (C) The number of large organoids (> 100 um)
in the combined and conventional medium groups (average count for six 40X fields). **P < 0.01.

The Growth Factor in the Combined Medium PAX8 and FOX]I Expression
To further investigate the composition of the combined  To characterize FTEC-related protein and gene expression,
medium, the growth factor array was used to characterize. =~ we measured PAX8 and FOXJ1 expression (markers for

PLGEF, IGFBP6, VEGF, bFGF, and SCFR were the five most secretory and ciliated cells, respectively)!®. IHC revealed
expressed growth factors (Fig. 3A, B). PAXS8 and FOXJ1 expression in the organoids cultured in the
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Figure 3. Identification of growth factors from the combined medium. (A) The proteins in the combined medium were analyzed using a
growth factor array. The boxes indicated higher protein expression including PLGF, IGFBP6, VEGF, bFGF, and SCFR, and lower protein
expression including EGF and IGFBP2. (B) The quantification results of fold change in each protein were expressed as a histogram. PLGF:
placental growth factor; IGFBP6: insulin growth factor binding protein-6; VEGF: vascular endothelial growth factor; bFGF: beta-fibroblast
growth factor; SCFR: stem cell factor receptor; EGF: epidermal growth factor; IGFBP2: insulin growth factor binding protein-2; G-CSF:
granulocyte colony-stimulating factor; IGF-2: insulin growth factor-2; GDNF: glial-derived neurotrophic factor; M-CSF: macrophage
colony-stimulating factor; M-CSFR: macrophage colony-stimulating factor receptor; NT-4: Neurotrophin-4; TGF-33: transforming
growth factor-f33; EGF: epidermal growth factor; PDGF-AA: platelet-derived growth factor-AA; VEGFD: vascular endothelial growth
factor D; VEGFR: vascular endothelial growth factor receptor; SCF: stem cell factor; PDGF-BB: platelet-derived growth factor-BB.

combined (Fig. 4A) and conventional medium (Fig. 4B).
Fig. 3C contains the qPCR results of PAX8 and FOXJ1
expression for both groups. Increasing PAXS and decreasing
FOXI1 expression were noted in the combined group when
compared with the conventional group (p < .001, Fig. 4C).

The combined medium promoted secretory cell differen-
tiation more than the conventional medium.

Stemness Genes Expression

Stemness markers (OFLM4, LGRS, and LGR6), a Notch sig-
naling gene (HES1), and stem cell markers (B3GALTS,
SSEA4, and ALDH1) were quantified in the different culture
conditions!>!®, The gene expression of the two cell lines
(AO1 and A03) grown in 2D cultures or as organoids are
compared in Fig. SA-D. In the combined medium, the A01
and A03 organoids had greater expression of OLFM1, HES1,
LGRS, ALDHI, and B3GALTS than the 2D cultured cells
(Fig. 5A, B). A03 organoids expressed more SSEA4 and less
LGR6 than the 2D cultured cells (Fig. 5B).

In the conventional medium, ALDH1 was the commonly
greater expression than in 2D culture. The expression of
other genes was different between the two groups. In A01
organoid, OLFM4, LGRS, LGR6, and B3GALTS (SSEA3)
also increased expression (Fig. 5C). HES1 and ALDHI
expression in the A03 organoids were more significant than
in the 2D cultured cells (Fig. 5D). However, A03 organoid
expression of all other genes was decreased when compared
with the expression of the 2D cultured cells (Fig. 5C).

Compared with conventional medium, combined medium
cultured A03 organoids expressed more OLFM4, SSEA4,
LGRS, and B3GALTS (SSEA3) (Fig. 5E, F). Stemness
marker expressions were enhanced in organoids when com-
pared with 2D cultured cells in the combined medium.
Furthermore, combined medium-cultured organoids
expressed more stemness genes than conventional medium-
cultured organoids.

We found organoid culture under a combined medium
expressing more stemness markers (OLFM4, HES1, LGRS,
ALDHI, and B3GALTS) than 2D culture. Conversely, in
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Figure 4. Immunohistochemistry of organoids cultured in different mediums. PAX8 and FOX]| staining in the organoids cultured in the
combined (A) and conventional medium (B). Scale bar = 50 um. (C) qRT-PCR showing PAX8 and FOX]| expression in the organoids
cultured in both mediums. gRT-PCR: Quantitative reverse transcription-polymerase chain reaction. ***P < 0.001.

organoid culture under a conventional medium, only two
stemness markers (HES1 and ALDH1) were expressed more
than in 2D culture.

The Influence of Stemness Genes Expression
After Wnt Signaling Manipulating

Beta-catenin expression was noted for both culture medi-
ums (Fig. 5). After LiCl (stimulator) and DKK1 (inhibitor)
addition, beta-catenin was expressed in both the cell nucleus
and cytoplasm of the organoids in the conventional group,
but not in the combined group (Fig. 5B). qPCR showed
beta-catenin expression was inhibited after adding DKK1
or LiCl to the combined medium. However, for the conven-
tional medium, the expression of beta-catenin could be
manipulated by adding DKK1 or LiCl (Fig. 5C, D).

Stemness marker expression was quantified using qPCR.
In the combined medium, LiCI or DKK1 had no effect and
the expression of all the stemness genes was decreased (Fig.
6A). On the contrary, in the conventional medium LiCl pro-
moted the expression of the stemness genes and DKKI1
inhibited it (Fig. 6B). The Wnt signaling pathway was evi-
dent in the organoids cultured in the conventional medium
which could be manipulated by adding a stimulator or
inhibitor.

The expression of the stemness genes of the organoids in
each group was compared (Fig. 7). The expression of the

stemness genes of the organoids cultured in different culture
mediums with or without LiCl or DKK1 in each gene was
compared (Fig. 8). Expression was increased for organoids
in the combined medium; however, not for organoids in the
conventional medium.

Stemness gene expression of the organoids cultured in the
combined medium was increased when compared with that
of 2D cultured cells.

Discussion

In this study, conventional medium cultured organoids
exhibited faster proliferation rates resulting in larger sizes
when compared with those cultured in the combined medium.
The cost of both mediums was comparable. Organoids in the
combined medium showed more secretory cell differentia-
tion (increased PAXS8 expression) than organoids in the con-
ventional medium. Organoid culture with a combined
medium expressed more stemness markers (OLFM4, HEST1,
LGRS, ALDH1, and B3GALTS) than the 2D culture and con-
ventional medium. Conventional medium-cultured organ-
oids exhibited Wnt signaling, which was influenced by
adding a Wnt signaling stimulator or inhibitor.

HGSOC has been hypothesized to originate from
FTEC?>!7. Knowing the cause of HGSOC carcinogenesis is
important for the prevention and therapy of ovarian cancer.
The Organoid is an ideal research model for oncogenesis
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Figure 5. Quantitative mMRNA expression of stemness genes in the 2D cultured cells and the organoids in two FTEC lines. Stemness
markers (OFLM4, AXIN2, and LGRé), a Notch signaling gene (HESI), and stem cell markers (SSEA3, SSEA4, ALDHI, and LGR5) were
quantified. (A) FTECAOI (combined medium, 2D vs organoids). (B) FTECAO3 (combined medium, 2D vs organoids). (C) FTECAOI
(conventional medium, 2D vs organoids). (D) FTECAO3 (conventional medium, 2D vs organoids). (E) Combined vs conventional medium
cultured FTECAOI organoids. (F) Combined vs conventional medium cultured FTECAOQ3 organoids. FTEC: fallopian tube epithelium cell.

*P < 0.05; ¥P < 0.01; **<P < 0.001.

investigation and drug screening’. Therefore, developing an
ideal cost-effectiveness culturing method would be extremely
beneficial. The current study explored the possibility of low-
ering the cost of FTEC culturing medium. The effectiveness
was not comparable between the two mediums; more studies
exploring culture medium cost reduction are needed to
improve results.

We found organoid culture under a combined medium
expressing more stemness markers (OLFM4, HESI, LGRS,
ALDH]I, and B3GALTYS) than the 2D culture. These genes
covered fallopian tube stemness genes, Notch signaling path-
way, and stem cell markers. Organoid culture is nearing the
in vivo status, and the gene expression is also mimicking in
vivo™8, Conversely, conventional medium-cultured organ-
oids only increased the expression of two genes (HES! and

ALDHT) more than the 2D culture. The combined medium
promoted more organoid stemness than the conventional and
2D cultures.

We found PLGF, IGFBP6, VEGF, bFGF, and SCFR were
the prominent five growth factors in the combined medium.
PLGF/c-MYC/miR-19a axis was reported to be associated
with gallbladder cancer stemness and metastasis'®. The
crosstalk between GPR81/IGFBP6 promotes breast cancer
progression®. VEGF/neuropilin signaling was associated
with cancer stem cell functions?'. bFGF enhances the stem-
ness of apical papilla stem cells®’. SCFR (c-Kit) is the recep-
tor for SCF binding and activates signaling, including cell
survival, proliferation, and migration?®. Taken together, these
enriched growth factors in the combined medium might pro-
mote stemness gene expressions of the organoids.
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Figure 6. The IHC and quantitative mRNA results for beta-catenin expression in organoids cultured in the different mediums and with
or without DKKI or LiCl. Beta-catenin IHC of organoids cultured in combined (A) or conventional medium (B) with or without DKKI
or LiCl. Scale bar = 50 um. -catenin entered the nucleus after adding DKK or LiCl for organoids grown in the conventional medium,
but not in the combined medium. (C-D) qPCR revealed beta-catenin gene expression with or without DKKI or LiCl in the organoids
cultured in the combined (C) or conventional medium (D) for 7 days. IHC: immunohistochemistry; qPCR: Quantitative polymerase chain
reaction. ***P < 0.0 when compared with the combined medium cultured organoids.
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Figure 7. Quantitative mRNA expression of stemness genes in organoids cultured in different culture mediums with or without LiCl
or DKKI. Stemness markers (OLFM4, LGRS, LGR6), a Notch signaling gene (HESI), and stem cell markers (B3GALTS, SSEA4, ALDHI)
were evaluated by qPCR in the organoids cultured in the combined (A) and conventional mediums (B). qPCR: Quantitative polymerase
chain reaction. *P < 0.05; **P < 0.01; ***P < 0.001 when compared with the control.
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Figure 8. Quantitative mRNA expression of stemness genes in organoids cultured in combined and conventional culture medium
with or without LiCl or DKKI after 7 days of treatment. (A) OLFM4, (B) LGRé, (C) HESI, (D) SSEA4, (E) LGRS, (F) ALDHI, and (G)
B3GALTS. *P < 0.05; **P < 0.01; ***P < 0.00] when compared with the combined medium cultured organoids.

Kessler et al. reported the first study of FTEC forming
organoids and found that Wnt3a and RSPO1 were important
for organoid formation. Wnt3a and RSPO1 are critical com-
ponents of the Wnt signaling pathway, where Wnt3a binds to
LGR4, 5, or 6 to proceed with signaling, and RSPO1 acts as
an LGR agonist'?. They also found that Wnt and Notch sig-
naling pathways were important for organoid formation.
After this discovery, the long-term culture method of FTEC
organoids was published?. The organoid culture medium
invented by Kessler is called conventional medium which is
composed of 25% of conditioned medium taken from cells
that secrete WNT3A and RSPO1'2. Other organoid cultured
mediums are composed of 600 ng/ml RSPO1 and 100 ng/ml
WNT3A?, or 200 ng/ml WNT3A and 10% RSPO1?. In our
previous research, organoids were cultured in a medium
composed of 50 ng/ml WNT3A and 50 ng/ml RSPO1%. In
the current study, we changed the concentration of Wnt3a
and RSPO1 to 1000 ng/ml and 200 ng/ml, respectively.

Our previous study showed that the Wnt pathway could
affect organoid formation by coculturing three kinds of cells
(FTEC, FTMSCs, and HUVEC)'3. After adding DKK1, the
organoids could not be formed and the expressions of FOXJ1
and LGRS were decreased'®. The combination of the three
different cells mimics the fallopian tube microenvironment.
That is why we used the combined medium in the hopes of
supporting organoid proliferation and differentiation.
However, in this study when DKK1 was added to inhibit the
Wnt signaling pathway, it did not inhibit organoid formation.
This may be because the organoids were formed from FTEC
in this current study, which is different from the previous
study that used three kinds of cells.

Different cell densities can be used to evaluate organoid
proliferation®. It was found that 2000 cells in a single well of

a 96-well plate could achieve the best proliferation curve
when compared with any other cell density. Bode et al.?’
used propidium iodide and Hoechst dye to calculate the death
rate of organoids treated with cisplatin or 5-FU. However,
this method can be affected by enhanced background noise
due to potential dye incorporation into the matrigel.
Consequently, we used a microscopic imaging technique to
measure proliferation and to calculate the size and number of
organoids.

The Wnt pathway plays an important role in the stemness
regulation of FTEC. A previous study showed that Wnt
receptors, LGRS and LGR6, are associated with FTEC stem
cell characteristics!>. RSPO1-4 respond to LGR 4, 5, and 6
and are positive regulators of Wnt signaling?®. Therefore,
adding Wn3a and RSPOI1 upregulates Wnt signaling in
organoid cultures. Another study showed that LGRS is
expressed in FTEC stem cells and LGR6 is expressed in FTE
organoids stem cells'?2. LGR6+ cells in the organoid are rep-
resented as multipotent cell population'?. Blocking LGR6
expressions causes stem cell differentiation'?. In our study,
LGRS expression in the organoids was increased compared
with the 2D cells in the combined medium. LGR6 expression
in the organoids was decreased in the 2D cells in both medi-
ums. The above results indicated that combined medium
organoid cells stayed in FTEC stem cell status but reduced
organoid stem cell characteristics.

OLFM4 is a stem and cancer cell marker of intestinal cells
and FTEC'>?. OFM4 deletion in ApcMin/+ mice induces
colon adenocarcinoma®’. We previously found that FTEC
treated with progesterone could increase OLFM4 expres-
sion'>, OLFM4 loss expression after gamma-radiation-
induced small intestinal organoid damage?!. After interferon
gamma addition, LGRS decreased expression, and OLFM4
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increased expression in organoids derived from colitis
patients®2. The interaction reaction was mediated by interleu-
kin-2232. In the current study, OLFM4 expression was
increased in the combined medium organoids more than that
of the combined medium 2D cells. Conversely, OLFM4
expression decreased in the conventional medium organoids
more than that of the combined medium 2D cells. The
OLMF4 expression of organoids cultured by the conven-
tional medium might be influenced by cytokines in the
medium or organoid damage.

HESI1 is a Notch signaling protein related to the stemness
of FTEC!2%*, We previously found that hormone treatment of
FTEC could increase HES1 expression!®. HES1 is also asso-
ciated with other organoid formations, including the retina®?,
hepato-biliary-pancreatic**, and intestine®. In the current
study, HES1 increased expression in both combined and con-
ventional medium cultured organoids more than that of the
2D cultured cells.

SSEA3 and SSEA4 are key embryonic and pluripotent stem
cell markers®®. Both genes are also markers for cancer stem
cells’”. After hormone treatment, the expression of these genes
is increased in FTEC'®. Compared with 2D cells, SSEA3 and
SSEA4 expression in the organoids were increased in the com-
bined medium but decreased in the conventional medium. The
expressions of SSEA3 and SSEA4 in organoids were higher in
the combined medium than in the conventional medium. The
combined medium could enhance SSEA3 and SSEA4 expres-
sion in the organoids. However, both self-renewal gene expres-
sions did not reflect on organoid proliferation®,

ALDHI is expressed in cancer stem cells and is related to
prognosis®®. ALDHI is also a stemness marker for FTEC'2,
Progesterone treatment increases ALDHI1 expression in
FTEC®. In our study, ALDH1 expression in the organoids
was increased compared with the 2D cells in the combined
medium. We speculated that ALDHI1 expression higher in
the conventional medium than that in the combined medium
might be due to the activation of the glycolytic pathway*.

Wnt signaling manipulated by DKK1 and LiCl was only
evident in the organoids cultured by the conventional
medium. The difference between combined and conven-
tional mediums was a different component. The defined
growth factors in the conventional medium were explored in
the previous research which was correlated with Wnt and
Notch signaling'2. The component of the combined medium
was largely unknown except Wnt3a and RSPO1. Therefore,
Wnt signaling can be manipulated in the organoids cultured
by the conventional medium.

This study was the first study to compare combined
medium to conventional medium regarding cost-effective-
ness in FTEC organoid formation. A limitation of this study
was the small case number. Larger studies are required in the
future to reinforce our results.

In conclusion, our study demonstrated that the combined
medium could successfully culture organoids. The combined

medium organoids also showed enhanced stemness genes
expression. The conventional medium is more suitable for
organoid proliferation. The benefit of using the combined
medium needs further exploration.
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