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Abstract

The intestinal organoid represents a miniature organ that can mimic functional physiology and pathology. However,
there are several challenges to developing the organoid system, such as the limited survival of cells. Based on theory,
matrix addition is a factor that can support survival in cells. As a result, graphene oxide (GO) addition is used in this
study. As an artificial matrix, GO has been successfully shown to encourage good cell behavior and is well known
for having good biocompatibility. Herein, we fabricate GO characterized with FT-IR and PSA. Crypt-like structures
(CLS) are isolated from small intestinal mice in GO addition as a matrix. The gene expression and cell viability of
CLS are investigated. RT-PCR examined the gene expression in CLS, while cell viability of CLS was carried out using
the staining method. This study was conducted at FiNder U-CoE and Parasitology Laboratory of HSE Universitas
Padjadjaran Bandung during February and December 2023. Our results show that Vil-1 as an identity for cells in
the intestinal epithelium has been expressed in CLS primary significantly higher than intestinal tissue (p=0.01).
However, identifying Lgrs in CSL isolates is tricky. Thes in the crypt may be limited. Besides that, cell viability
of CLS with GO addition can be maintained for four days. The GO addition as a matrix may provide support to
maintain CLS. These findings are promising as cell-based assays for developing organoid models.
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Introduction developed as a better model for evaluating and

promoting improved cell- and organ-based assays

Cell-based assays have been an important
component of drug discovery because they
provide a simple, quick, and cost-effective
technique for avoiding large-scale and costly
animal testing.! Two-dimensional (2D) cell
cultures as traditional in vitro assays have been
widely used in the pharmaceutical industry for
drug discovery.? However, these assays have
several obstacles, such as not being able to
control cell shape, losing the ability to regulate
cells, being limited to a single type of cell, and not
being able to reflect the physiological complexity
of the tissue so that it can produce bias in
predicting specific tissue responses.’3 Recently,
three-dimensional (3D) cell cultures have been

for representative physiology and better drug
response prediction.+5 The intestinal organoid is
one of the most commonly used models. Previous
studies have shown that the intestinal organoid
can recapitulate functional physiology and
pathology.®” Furthermore, the intestinal organoid
has shown successful models that may simulate
the native organ, including gene and protein
expression, metabolic activity, tissue engineering,
and even pathology, which is greater than 2D cell
culture models.®° However, there are obstacles to
creating the organoid system, such as constraints
in culture system survival and maturity, even
cell function, and a high level of cell variability.®
Furthermore, studies with references showed the
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limitations of survival in the culture system for
developing intestinal organoid models.”*°

Matrix addition is one of the factors that
influences  organoid culture outcomes.11
Moreover, matrix addition is a significant
factor in developing organoids to decrease
cell apoptosis by maintaining survival in the
culture system.’? Culture organoids are grown
in matrigel as a matrix.’** However, xenogenic
contaminants are found in matrigel, and
variability in the composition of matrigel makes
the development of organoids challenging.'5
Xenogenic contaminants detected in matrigel can
interfere with organoid behavior.'® Furthermore,
heterogeneity in the composition of matrigel
encourages variability in the physical and
biochemical properties of matrigel, which makes
it difficult to manipulate cell behavior and obtain
precise biological responses.’® Interestingly,
graphene oxide (GO), a synthetic material, has
been employed as an artificial matrix in tissue
engineering and regeneration, displaying its
capacity to direct cell behavior effectively.””*® GO
can increase mechanical characteristics, promote
cell proliferation and adhesion, have a high water
absorption capacity, have no effect on cytotoxicity,
and even have antioxidant capabilities to
neutralize free radicals because GO possesses
electrons on its surface.® GO has also been
demonstrated toregulate gene expressionintissue
engineering and regeneration.2>* Therefore, GO
may have the potential for developing organoid
models because it encourages good behavior by
creating a microenvironment in vivo.20:22

This study aimed to investigate the effects of
GO addition as supported factors such as CLS
culturing. Maintaining CLS's structures and cell
viability in the addition matrix is the first step in
developing an intestinal organoid model as a cell-
based assay.

Methods

This study was carried out between February and
December 2023 at the Parasitology Laboratory
of HSE and FiNder U-CoE Universitas
Padjadjaran Bandung. Materials used in this
study: phosphate buffered saline/PBS (Sisco
Research Laboratories), trypsin/EDTA 0.25%
(PAN-Biotech), fetal bovine serum (Sigma-
Aldrich), penicillin-streptomycin (PAN-Biotech),

gentamicin (PAN-Biotech), Dulbecco's modified
eagle medium/DMEM (PAN-Biotech), insulin
human recombinant (PAN-Biotech), hydrochloric
acid fuming 37% (Supelco), ethanol, graphite
(Merck), HCI (Supelco), NaNO, (Merck), KMnO,,
H.SO,, H,O. (Merck), distilled water, silicon oil,
ice, NaCl, propidium iodide (Sigma-Aldrich).

GO synthesis is carried out by a modified
method based on protocol with references.?
Graphite (4 g) and 2 g NaNO, were put into the
tube and stirred until mixing. After that, pour
H,SO, slowly. In the ice bath phase, the tube
was placed in a container filled with ice, and the
mixture was stirred for 30 minutes. 10 g KMnO,
was added slowly and stirred for 30 minutes. The
ice is discarded in the container while the tube
remains above the stirrer. The container was filled
with silicone oil, and the tube was placed in the
container. Increase the temperature by 35—-40°C
by maintaining the temperatures at 35°C and
stirring for 1 hour (at this point, the color typically
changes to brown). Then, 9o ml of distilled water
was slowly added, and the temperature was
raised to 98°C and stirred for 40 minutes (at this
point, it usually turned a brownish color that
became increasingly clear). Distilled water (400
ml) was added to the mixture, and then 50 ml of
H.O, was slowly added and stirred for 30 min.
Subsequently, the mixture was left overnight.

The following day, after it settles, the clear
liquid part is discarded while the settled part is
retained. Then, 10 ml of HCI was added, stirred
for one hour, and allowed to settle. After it settles,
take a temperature measurement and discard
the top part of the clear liquid, maintaining the
part that has settled. Then, 2,500 ml of distilled
water was added, stirred for 30 min, and left to
settle (centrifugation stage and repeated pH
measurements). Centrifugation (at 10,000 rpm
for 5 minutes) was repeated to separate the settled
and transparent liquid. In contrast, temperature
measurements were carried out to obtain a
neutral pH according to the pH of the distilled
water used. After the pH reached neutral, it was
dried at 60°C.

Structures were characterized using FT-IR
(Thermo Scientific Nicolet iS5 in the wavenumber
range of 400—-4,000 cm™) and particle
measurement using particle size analysis/PSA
(Horiba Scientific SZ-100).

Ethical approval was obtained from the
Research Ethics Committee at the University of
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Padjadjaran, 576/UN6.KEP/EC/2023. Male mice
of Wistar swabs of 6—12 weeks-old swabs were
obtained from the Animal Laboratories Eijkman,
Faculty of Medicine, Universitas Padjadjaran. In
the present study, the mice were sacrificed by the
physical cervical dislocation method.

The CLS—isolation method is modified
based on protocol with references.?#? A mouse
was sacrificed according to ethical approval
regulations, dissected, and harvested 15 cm of
the small intestine proximal to the stomach. The
segment was then placed into a Falcon tube (50
ml) with 15 ml cold PBS (2—8°C) and gentamicin
0.5 mg/ml. Shake the Falcon tube in the circle
for 5 minutes to remove contaminants attached
to the intestinal segment. Next, tweezers transfer
the intestinal segment to a dish containing 10
ml of cold PBS (2—8°C). The intestinal segment
was cut lengthwise using scissors and rinsed to
remove fat attached to the tissue. Transfer the
intestinal segment to a new dish containing cold
PBS (2—8°C) and rinse (repeat steps two times,
ensure the fatty tissue and contaminants are
removed). Cut the intestinal segment into 4—8
mm pieces and place into 50 ml of the Falcon tube
with 15 ml cold PBS containing gentamicin (0.5
mg/ml) and vortex at 250 rpm for 5 minutes to
remove contaminants. Discard the supernatant,
add 15 ml of cold PBS (2—8°C) to a 50 ml Falcon
tube, and shake 15—20 times in a circular motion
(repeat these steps three times).

After that, add 15 ml of cold PBS (2-8°C)
to a 50 ml Falcon tube and use a serological
pipette to pipette the intestinal pieces up and
down five times gently. After that, shake it
15—20 times in a circular motion, then remove
the supernatant (repeat this step 15—20 times
or until the supernatant is clear). When the
supernatant is clear, remove it and resuspend the
tissue pieces in 10 ml of cell dissociation reagent
at room temperature (15—-25°C) and incubate it
for 10 minutes while shaking slowly in a circular
motion and allowing the tissue pieces to settle by
gravity. Pipette off and discard the supernatant,
leaving just enough liquid to cover the tissue
pieces. Resuspend the tissue pieces in 10 ml cold
PBS (2—-8°C) containing 0.1% FBS (2—-8°C) and
vortex at 250 rpm for 20 seconds, allowing the
tissue pieces to settle in the below. Transfer the
supernatant carefully with a pipette and filter it
through a 70 pm filter.

Then, collect the filtrate in a new 50 ml Falcon

tube. Discard the filter, label the filtrate "Fraction
1," and place the fraction on ice. Following that,
resuspend the tissue pieces in 10 mL of cold PBS
(2—8°C) containing 0.1% FBS (2—8°C) and vortex
at 250 rpm for 20 seconds, allowing the tissue
pieces to settle in the below (repeat these steps
to get Fraction 2—4). After getting four fractions,
centrifuge each fraction at 290 RCF for 5 minutes.
Pipette off and discard the supernatant, retaining
the pellet in each tube. Resuspend each pellet
in 10 ml of cold PBS (20-8°C) containing 0.1%
FBS (2-8°C), then centrifuge at 200 RCF for
3 minutes. Carefully discard the supernatant,
retaining the pellet in each tube.

After obtaining four fractions, resuspend each
fraction in 4 ml of cold DMEM/F12 (2—8°C) to
prevent and reduce cell damage. Add 1 ml of each
fraction using an inverted microscope. Select
two fractions enriched with intestinal CLS (CLS
that are desirable for culture can be of various
sizes, typically rectangular or singular in shape;
usually, fractions 3 and 4 are enriched CLS).
Mix fractions 3 and 4 and transfer 1 ml to the
labeled two Falcon tubes of 15 ml (the number
of Falcon tubes is adjusted to the number of
treatments; CLS without GO and CLS with GO,
then centrifuge each Falcon tube at 200 RCF for
5 minutes and discard the supernatant, retaining
the pellet in the bottom of each tube. Next, add
150 ul of the CLS medium at room temperature
(15—25°C) to each tube, then add 150 ul of
treatment as a matrix (GO) to the labeled Falcon
tube. Carefully pipette 50 pl of each suspension
into the center of each of the six wells of the pre-
warmed 24-well plate. Place the plate at 37°C
for 10 minutes, then add 750 pl of medium crypt
complete at room temperature (15—25°C) by
carefully pipetting the medium down the side
wall of each well. Transfer and place the lid on
the culture plate, then incubate at 37°C and 5%
COz2. Finally, it was observed using an inverted
microscope regularly and changed with 750 pl
of fresh medium complete at room temperature
(15—25°C) three times for a week.

RNA isolation was prepared by harvesting
the CLS from each well of the plate with 150 pl
cell dissociation reagent in each well of the plate.
Then, they are transferred to the labeled Falcon
tube of 15 ml containing 1 ml DMEM (the labeled
Falcon tube is adjusted for each treatment).
Centrifuge at 290 RCF for 3 minutes, discard
the supernatant, and retain the pellet. Add 150
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Table 1 Quantitative RT-PCR Primers

Primer Gene for Mouse

Forward Primer

Reverse Primer

Lgrs Stem cells intestinal GACGCTGGGTTATTTCAAGT

TCAA
Vil-1 Enterocytes
GAPDH Housekeeping gene

CAGCCAGCTACCAAATAGGT
GCTC

GACGTTTTCACTGCCAATACCA CCCAAGGCCCTAGTGAAGTCTT
AACTTTGGCATTGTG GAAGG  ACACATTGGGGGTAG GAACA

ul of DMEM to each pellet and then transfer to
a microtube. After obtaining CLS, RNA isolation
from CLS is received by an RNA extraction
kit (MagEX). Besides that, real-time PCR
preparation uses mixing PCR (SensiFAST SYBR
No-ROX One-Step Kit) and mixing each reagent
according to kit composition to each labeled
primer microtube. Quantitative RT-PCR was
performed with a LightCycler®480 using SYBR
Green I/HRM dye (465—-510). The sequences
of the PCR primer are listed in Table 1.2° The
experiments were carried out in triplicate.
Morphology CLS analysis was examined using
a microscope (Inverted Biological Microscope,
Labtron Equipment Ltd, UK). The gene expression
of CLS measurement was carried out to identify
cells of the epithelium intestinal.?® Propidium
iodide (PI) staining to show cell viability of CLS
through CLS was seeded onto a 96-well plate
and incubated for four days. To investigate the
viability of CLS for four days, CLS without and
with GO were treated with and without 5FU for
four days and stained with PI. 520

A

25,000

Statistical significance was performed using
Prism 9 (Grapadh Software, La Jolla, CA, USA).
The number of CLS, death cells, and PCR data
was analyzed with a t-test. Each experiment was
repeated three times. Statistical significance was
assumed for p-values<0.05.

Results

This study shows GO characterization, such as
FT-IR and PSA. The varying presence of oxygen
functional groups is measured with each wave
peak consisting of 3,499 for the O-H group; 1,712
for the C=0 group; 1,613 for the C=C group;
1,370 for the C-OH group; and 1,041 for the
C-O group as shown in Figure 1A. Besides that,
the PSA characterization of GO shows that GO
is smaller after 30 minutes of sonication than
before sonication, as shown in Figure 1B. The
average size distribution of GO after sonication
shows 84.5 nm (Figure 1B 2) compared to GO
before sonication (Figure 1B 1), namely 697.8 nm.
These results indicate that GO is dispersed by the
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Note: (A) FT-IR for graphite and GO; (B) the PSA analysis of GO before (1) and after (2) sonication
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sonication waves, resulting in a smaller particle
size.

The CLS isolation has been conducted
successfully with enriched CLS as multicellular
structures, as indicated by the circular mark
for each CLS, as shown in Figure 2A. However,
based on this observation, CLS is more enriched
in fraction three than in fraction 4. Furthermore,
fractions are conducted as CLS, identifying gene
expression in the intestinal epithelium. Figure
2F shows the expression of Vil-1 is 1.1 fold and
0.14 fold for CLS primary and intestinal tissue,
respectively. Furthermore, the expression Vil-1
in CLS primary was significantly higher than in
intestinal tissue (p=0.0333; see Table 2).

Moreover, we seeded CLS without and with
GO for five days, as shown in Figure 2B. Based
on these results, GO addition can maintain
CLS better than without GO addition during
incubation time. Furthermore, Figure 2C shows
the average number of CLS is 0 and 2.7 for CLS
without GO and CLS with GO, respectively.
However, the number of CLS without GO is o
because it is contaminated by yeast (Figure 2B).
Besides that, to investigate the effect of GO on
maintaining CLS, we seeded CLS without and
with GO for seven days (Figure 2C). Figure 2E
shows the average number of CLS, which is 3.5
and 14 for CLS without GO and CLS with GO,
respectively. In addition, there were no significant
differences between the CLS without GO and

Table 2 Statistical Analysis with the t-test

those with GO (see Table 2). However, CLS GO
addition can be maintained as the number of CLS
with GO is higher than without GO, as shown in
Figure 2E.

Fluorescence  staining analyses were
performed to investigate whether the viability of
CLS can be maintained, which was triggered by
5FU-induced senescence. Figure 3A shows that
the group with 5FU treatment demonstrated
an alteration in their morphology that became
larger and appeared like a dark spot, considered
senescence-associated secretory (SASP). In
addition, based on this observation, the viability
of CLS can be maintained for 96 hours, even after
it is treated with 5FU (Figure 3B). Furthermore,
Figure 3C shows the average number of cell death
is 93 for CLS without 5FU and 230.5 for CLS
with 5FU. Based on these results, there were no
significant differences among them (see Table 2).
However, CLS can be maintained as the number
of CLS without 5FU is lower than CLS with 5FU,
as shown in Figure 3C.

Discussion

This study showed that GO has been synthesized
successfully. The results of this FT-IR analysis
indicate the presence of oxygen functional groups,
such as hydroxyl (O-H), epoxy (C-O), carboxyl
(C-OH), and carbonyl (C=0) of GO structures.?”
This result supported previous studies.2®29

t-test Unpaired:

Expression of Sig. t df F Mean 95% CI
Vil-1
Intestinal tissue 0.0333" 3.187 4 37.05 0.1449 0.1234 t0 1.790
CLS primary 1.102
Difference between 0.9569+0.3002
+SEM
t-test Paired Sig. t df Di ;g'zlf;ce Dlzlf;;f;sge 95% CI
CLS with and without  0.1567 2.219 2 2.082 2.667 -2.504 to 7.838
GO for five days
CLS with and without  0.0903  7.000 1 2.121 10.50 -8.559 t0 29.56
GO for seven days
CLS+GO with and 0.2754 2.165 1 89.90 137.5 -669.3 t0 944.3
without 5FU for
cell viability
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Figure 2 Crypt-like Structures Characterization

Note: (A) raw CLS were isolated, scale bar 100 pm with 10x magnification from the small intestines of Wistar swiped
mice at 6-12 weeks; (B) CLS is seeded without and with GO for 5 days with 40x magnification, scale bar 100 pm;
(C) CLS is seeded without and with GO for 7 days with 20x magnification, scale bar 100 um; (D) the number of
CLS without and with GO was quantified for 5 days; (E) the number of CLS without and with GO was quantified
for 7 days; and (F) fold expression of Vil-1 as identified cells in epithelium intestinal with statistical significance
considered *p<0.05 (n=2, t-test)
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Figure 3 Cell Viability of CLS

CLS + GO with 5-FU

Note: (A) morphology of CLS+GO without and with 5FU treatment with 20x magnification, scale bar 100 pum;
(B) CLS+GO without and with 5FU treatment, before and after PI staining, respectively, with 10x magnification,
scale bar 100 pm; and (C) the quantified number of death cells for 4 days

Furthermore, GO, which has been synthesized,
was used in this study as a matrix addition
for seed CLS isolation. In the present study,
CLS isolation morphology has characteristics
similar to previous studies.3>3* These results
indicated that CLS isolates have been successfully
obtained. Besides that, we received 24 CLS (data
not shown). Every crypt contains around 16 cells
and around 20-25 cells in the lower and upper
columns of the crypt, respectively. Furthermore,
the crypt contains around 4—16 stem cells and 4—6
transit-amplifying cells (TA).3> Crypt obtained

from intestinal primary mice can be used for the
development of organoids as organ miniatures
that represent physiology and pathophysiology
response.33

Various types of cells differentiate in the
intestinal epithelium, such as enterocytes,
goblet cells, path cells, and enteroendocrine cells
originating from the Lgrs cell stem found at the
base of the intestinal crypt.34 In this study, CLS
isolates are examined for gene expression with
genes of interest, such as Lgrs and Vil-1, as a gene
code in stem cells and enterocytes, respectively,
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besides Gapdh being used as a housekeeping
gene.?® The housekeeping gene is a gene that
is stably expressed in all cells of an organism,
regardless of tissue type, developmental stage,
and cell cycle state.?> Gapdh is an internal gene
commonly used in studies with gene expression.3°
Previous studies showed that Gapdh is a stable
gene used as an internal control in studies
using various cells and even for organoid model
applications.37:38

The present study showed that CSL isolation
is difficult to characterize for Lgrs. These results,
supported by previous studies, showed that
isolating and characterizing primary Lgrs cells
makes obtaining vibrant cultures in epithelial
stem cells difficult.?® It could be because the
number of stem cells in the crypt is limited. Each
of the crypts comprises approximately 15 stem
cells in the mouse.4° Furthermore, all stem cells
compete for niche space between Paneth cells,
which provide essential Notch ligands that can
only be induced via direct cell-cell contact, so
the present cell in a high-WNT environment is
the limiting resource in the stem cell zone.++
However, Lgrs is one of the best characterized of
these markers.+?

Besides that, Vil-1 is used to identify cells in
the intestinal epithelium. Vil-1 is a marker that
codes enterocytes, the most common cells of the
intestinal epithelium, even though it is found
along the crypt-villus axis.*® Furthermore, the
small intestine can be identified by the presence
of villi, whereas villi don’t exist in the caecum
and colon.#3 This study showed that fold gene
expression of Vil-1 for CLS primary is higher
than in intestinal tissue. These results supported
the idea that Vil-1 as a marker is used to identify
types of cells in the intestinal epithelium.

Besides that, CLS is seeded with GO, which
has the highest average number of CLS without
GO. These results suggest GO optimization
may influence the maintenance of cell complex
structures. These results supported that GO
addition has effects on cell growth.’® Besides
that, GO-enhanced cell differentiation is
required to generate multicellular cells.72444
Moreover, study with references showed that GO
promoted good cell behavior, such as mimicking
cell characteristics appropriated to the native
cells,””72°=22 improving proliferation,®** and even
regulating gene expression.’®2°-22 Furthermore,
due to GO's morphology, shape, size, and even

functional groups, it has unique structures and
even improves cell interactions.# Therefore, in
this study, we used the size of GO to be 84.5 nm.
Moreover, GO with particle sizes below 100 nm
shows no cytotoxic effects.4®

In addition, CLS is seeded without GO,
which is contaminated after the second day
of incubation. It may be caused by the lack of
control over the environment when the mice
were sacrificed. Interestingly, CLS seeded in
GO addition demonstrated no contamination.
GO has unique physics characteristics, so it is
antibacterial.>> GO has oxygen groups that play
significant roles for inactivated bacteria in cells
through ROS activation, which induces oxidative
stress and encourages an apoptotic pathway.+
Moreover, a study with references showed that GO
has antimicrobial effects, such as antibacterial,
anti-fungal, and anti-yeast.48 GO has unique
structures, so it has hydrophilic properties that
are preferred in cells because it prevents cell
agglomeration, impacts nutrient limitation, and
even induces oxidative stress, which promotes
cell apoptosis.+ Therefore, GO optimization can
maintain the cell viability of CLS. Furthermore,
this study showed that the number of death
cells in CLS+GO without 5FU was lower than in
CLS+GO with 5FU for four days. It indicated that
the cell viability of CLS can be maintained.

Conclusions

In the present study, we found that Vil-1, which
is identified as a cell in the intestinal epithelium,
is expressed in CLS primary successfully. CLS
is seeded with GO addition, which can help
maintain multicellular structures. Furthermore,
the viability of CLS has shown that it can be
maintained. To conclude, this finding supports
cell-based assays, as cell viability assays have
the potential for developing intestinal organoid
models.
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