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In Brief
Matrigel has a complex
composition, and insufficient
separation of organoids from
Matrigel could influence
proteomic profiling of organoids
significantly. Here, we performed
an in-depth quantitative
comparison of three Matrigel
dissolving methods, and dispase
was identified as a satisfying
method in multiple ways. A list of
high-confidence Matrigel
contaminants was also
identified, to help eliminate
interference of undissolved
Matrigel in proteomic analysis of
organoids, collected by cell
recovery solution or PBS–EDTA
buffer.
Highlights
• A comprehensive comparison of Matrigel dissolving methods on organoid proteomics.• Matrigel leftover influences protein identification and quantification for organoids.• Dispase is a satisfying method for proteomic sample preparation of organoids.• Exclusion of high-confidence Matrigel contaminants attenuates Matrigel interference.
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TECHNOLOGICAL INNOVATION AND RESOURCES
In-Depth Comparison of Matrigel Dissolving
Methods on Proteomic Profiling of Organoids
Man Wang1,‡, Huan Yu1,‡, Ting Zhang1, Lihua Cao1, Yang Du1, Yuhao Xie2 , Jiafu Ji3, and
Jianmin Wu1,4,*
Patient-derived organoids recently emerged as promising

ex vivo 3D culture models recapitulating histological and
molecular characteristics of original tissues, thus proteo-
mic profiling of organoids could be valuable for function
investigation and clinical translation. However, organoids
are usually cultured in murine Matrigel (served as scaf-
folds and matrix), which brings an issue to separate
organoids from Matrigel. Because of the complex com-
positions of Matrigel and thousands of identical peptides
shared between Matrigel and organoids, insufficiently
dissolved Matrigel could influence proteomic analysis of
organoids in multiple ways. Thus, how to dissolve Matrigel
matrix and recovery organoid cells efficiently is vital for
sample preparation. Here, we comprehensively compared
three popular Matrigel dissolving methods (cell recovery
solution, dispase, and PBS–EDTA buffer) and investigated
the effect of undissolved Matrigel proteins on proteomic
profiles of organoids. By integrative analysis of label-free
proteomes of Matrigel and stable isotope labeling by
amino acids in cell culture proteomes of organoids
collected by three methods, respectively, we found that
dispase showed an optimal efficiency, with the highest
peptide yield and the highest incorporation ratio of stable
isotope labeling by amino acids in cell culture labels
(97.1%), as well as with the least potential Matrigel con-
taminants. To help analysis of proteomic profiles of
organoids collected by the other two methods, we iden-
tified 312 high-confidence Matrigel contaminants, which
could be filtered out to attenuate Matrigel interference
with minimal loss of biological information. Together, our
study identifies bioinformatics and experimental ap-
proaches to eliminate interference of Matrigel contami-
nants efficiently, which will be valuable for basic and
translational proteomic research using organoid models.

The advent of new 3D cell culture systems, known as
organoid culture, has shown the promising potentials in
biomedical research, as organoids could recapitulate
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histological and molecular characteristics of original tissues
(1–5). Therefore, compared with classical 2D cell cultures,
proteomic profiles of organoids were thought to have better
relevance with clinical features and patient outcomes (6–8),
which could be valuable for biomarker discovery and function
verification.
Most organoid culturing systems rely on basement-

membrane matrix (known as basement-membrane extract/
Matrigel) extracted from Engelbreth–Holm–Swarm mouse
sarcomas, serving as scaffolds and matrix mimicking extra-
cellular matrix (ECM) (4, 9–11). It raises a special process of
Matrigel dissolving for cell recovery (CR) and protein extrac-
tion for organoid proteomics analysis. Although ECM proteins
(such as laminin, collagen IV, and entactin) constitute the bulk
of Matrigel, there are more than 1800 proteins identified in
Matrigel including numerous intracellular proteins involved in
metabolic pathways and other important biological processes
(12). Because of this complex composition of Matrigel and
thousands of identical peptides shared between Matrigel and
organoids, the efficiency of Matrigel dissolving would influ-
ence proteomic analysis of organoids in multiple perspectives.
First, high abundances of undissolved Matrigel proteins
(“Matrigel contaminants”) would waste numerous mass
spectrum scans, which could result in less identification of
organoid proteins. Second, organoid proteins might be mis-
identified because of the identical peptides from Matrigel
contaminants. Besides, abundances of organoid proteins
uniquely represented by these shared peptides could be
estimated with a bias, including a misincrease in label-free and
isobaric tags for relative and absolute quantification or tandem
mass tags–labeled proteomic analysis, and a misdecrease of
incorporation degrees in metabolic-labeled proteomic
analysis.
Different approaches have been applied to isolate organo-

ids from Matrigel, in which nonenzymatic dissociation using
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Proteomic Profiling of Organoids
CR solution (also named “Matrisperse” previously) (2, 13–15),
enzymatic digestion using dispase (3, 16–18), and chemical
method involving PBS–EDTA (PE) buffer are widely used
(8, 9, 19). However, differences in Matrigel dissolving effi-
ciency between these methods and the corresponding effect
are unknown. Several studies considered the aforementioned
issues by blacklisting all proteins identified in Matrigel for
proteomic analysis of mouse-derived organoids (20) or
removing corresponding human homologous proteins for
proteomic analysis of human organoids (21), before down-
stream analysis to avoid the potential interference. But these
filtering strategies have not considered relative abundances of
shared peptides contributed by organoids and Matrigel con-
taminants, respectively. Moreover, although a substantial
proportion of shared peptides of functional proteins had high
abundances in organoids and low abundances in Matrigel,
they could be filtered out unintendedly by these strategies.
Thus, it will be valuable to systematically investigate the dif-
ferences between different Matrigel dissolving methods and
exactly evaluate their influences on organoid proteomic pro-
files. Moreover, it is warranted to generate a high-confidence
list of Matrigel contaminants for precise filtering, which may
save numerous potential human biomarker proteins from the
previous filtering strategy.
In this study, we performed comprehensive MS-based

proteomic analyses of patient-derived tumor organoids and
Matrigel to compare the influences of three popular Matrigel
dissolving methods on proteomic profiling of organoids, as
well as, to identify high-confidence Matrigel contaminants (hc-
MCs) to help eliminate undissolved Matrigel interference with
minimal loss of biological information.
EXPERIMENTAL PROCEDURES

Organoid Culture

Gastric cancer tissue was obtained from The Peking University
Cancer Hospital, and the study was approved by Peking University
Cancer Hospital Review Board (protocol number: 2019KT111) in
accordance with the Declaration of Helsinki. Gastric cancer organoids
were established and cultured as previously reported (22). Briefly,
established organoids were embedded in Matrigel (Corning; catalog
no.: 356231) with addition of organoid culture medium, including
advanced Dulbecco's modified Eagle's medium (DMEM)/F12, 1%
penicillin/streptomycin (Invitrogen), 1× Gluta Max (Invitrogen),
1× Hepes (Invitrogen), 1× B27 (Invitrogen), 10 mM N-acetylcystenine
(Sigma), 50 mg/ml nicotinamide (Sigma), 500 ng/ml FGF10 (Pepro-
Tech, Inc), 500 ng/ml Noggin (PeproTech, Inc), 500 ng/ml R-spondin-1
(PeproTech, Inc), 2 μM A-8301 (Tocris), 100 ng/ml Wnt3a (R&D Sys-
tems), 10 μM Y-27632 (Sigma), epidermal growth factor (Invitrogen),
gastrin (Tocris), and primocin (0.1 mg/ml; Invivogen). Fresh medium
was changed every 2 to 3 days. Organoids were split every 5 to 7 days
in a 1:3 ratio using mechanical dissociation and plated in fresh
Matrigel.

Stable Isotope Labeling by Amino Acids in Cell Culture

For the stable isotope labeling by amino acids in cell culture
(SILAC)-based quantitative MS analysis, organoids were cultured in
2 Mol Cell Proteomics (2022) 21(1) 100181
the medium (“heavy”) with advanced DMEM/F-12 replaced by SILAC
advanced DMEM/F-12 medium (Gibico). L-Arginine (13C6) hydro-
chloride (Sigma) and L-lysine (13C6, 15N2) hydrochloride (Sigma) were
added in SILAC heavy medium at a working concentration of 86.4 and
152.3 mg/l, respectively. Organoids were maintained in SILAC heavy
medium for several passages to allow SILAC isotope incorporation.
Samples were collected after 28 days and cultured and analyzed by
MS to estimate incorporation by heavy/light ratios.

Matrigel Dissolving by Dispase

Before CR, supernatant medium was discarded, and organoids
covered in Matrigel were collected using PBS. Samples were then
washed twice with PBS. In order to recover cells using dispase
solution, 5 U/ml dispase (Stemcell) was diluted to 1 U/ml by basal
SILAC advanced DMEM/F-12 medium. Diluted and prewarmed
dispase solution was added (1 ml/well) in washed samples for in-
cubation at 37 ◦C. After incubation for 30 min, centrifugation was
done to remove the supernatant, and fresh dispase solution
(1 ml/well) was added for another incubation at 37 ◦C for 30 min.
Organoid cells were then pelleted and washed twice using PBS
before cell lysis.

Matrigel Dissolving by PE Buffer

Preparation and application of PE buffer referenced the previously
published protocol (9). For every milliliter of PE buffer, 100 μl of 10×
protease–phosphatase stock, 20 μl of 500 mM EDTA, and 880 μl of
Dulbecco's PBS were combined. It was prepared fresh before every
use. Organoids were collected and washed by PBS as described for
dispase method. For every 100 μl of Matrigel, 2 ml of PE buffer was
added and incubated for 30 min at 4 ◦C. Then, centrifugation was
carried out to discard the supernatant, and fresh PE buffer was added
for another incubation at 4 ◦C for 30 min. Organoid cells were then
pelleted and washed twice using PBS before cell lysis.

Matrigel Dissolving by CR Solution

Before Matrigel dissolving, organoids were also collected and
washed by PBS, and then 2 ml of CR solution (the composition of the
solution has not been disclosed by the vendor, Corning) was added to
each well for incubation at 4 ◦C for 30 min. Then, centrifugation was
carried out to discard the solution, and fresh CR solution was added
for another incubation at 4 ◦C for 30 min. Organoid cells were then
pelleted and washed twice using PBS before cell lysis.

Pressure Cycling Technology–Assisted Preparation of Organoid
Samples

As the early passages of patient-derived tumor organoids could
provide only a limited amount of cells for multiple experiments,
including protein extraction, DNA/RNA extraction, and drug screening,
we chose pressure cycling technology (PCT), a rapid and an efficient
protein extraction procedure that is suitable for precious clinical
samples (23). After CR, the PCT-assisted lysis and digestion were
processed based on the reported protocol. Briefly, 30 μl of lysis buffer
was added into the microtube, which contains 6 M urea, 2 M thiourea,
and 0.1 M ammonium bicarbonate. And the organoids were lysed
using PCT-micropestle in a barocycler HUB440 (Pressure Bio-
Sciences, Inc). Then the extracted proteins were reduced and alky-
lated by incubating simultaneously with Tris(2-carboxyethyl)
phosphine and iodoacetamide. Afterward, lysC (1:40) and trypsin
(1:50) digestion were performed in the barocycler with digestion pro-
gram. Then the peptides were acidified with 10% trifluoroacetic acid
to pH 2 to 3 and desalted with Sep-Pak C18 cartridges (Waters).
Before MS analysis, the peptides were dissolved with MS buffer,
which contains 0.1% formic acid and 2% acetonitrile in HPLC-grade
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water. And the peptide concentration was measured with NanoDrop
One (Thermo Fisher Scientific).

Precipitation and Digestion of Matrigel Proteins

As PCT is not suitable for samples with bigger volume limited by the
microtube, we chose cold acetone to precipitate the Matrigel proteins
at −20 ◦C overnight. About 500 μl of cold acetone was added into
100 μl Matrigel and incubated for overnight at −20 ◦C. After centrifu-
gation, the protein pellet was resuspended in 8 M urea buffer and
subjected to reduction and alkylation. Then the proteins were digested
in solution, and subsequently, the tryptic peptides were desalted with
Sep-Pak C18 cartridges (Waters).

Analytical Methods

All samples were analyzed using a Q Exactive HF-X Orbitrap mass
spectrometer (MS) coupled with an EASY nLC 1200 system (Thermo
Fisher Scientific). The peptides were loaded onto a home-made
reversed-phase analytical column (1.9 μm, length of 25 cm, and
100 μm i.d.) for separation. Solvent A was 0.1% formic acid/2%
acetonitrile/98% water, and solvent B was 0.1% formic acid/90%
acetonitrile/10% water. A 120 min (90 min for Matrigel peptides)
gradient from 3% to 30% solvent B at 550 nl/min was used for the
separation. Full MS scans were acquired for the mass range of 400
to 1200 m/z at the resolution of 60,000. Top 20 abundant ions were
fragmented by data-dependent MS/MS experiments with an isola-
tion window of 1.6 m/z, the exclusion duration of 30 s, and at a
normalized collision energy of 32% for higher-energy collisional
dissociation. The charge state of 1 was discarded. The MS/MS
scans were acquired at a resolution of 15,000 with a fixed first m/z of
120 m/z. Maximum injection time was 60 and 100 ms for full MS and
MS/MS scan, respectively. The automatic gain control target value
was set to 5 × 104 and 1.0 × 104 for full MS and MS/MS scans,
respectively.

Raw Data Processing and Database Search

Raw MS files of organoid samples were searched using MaxQuant
(version 1.6.14.0) against SwissProt Homo sapiens database
(February 2018; 20,269 entries) (24). The defined fixed modification
was carbamidomethylation of cysteines, whereas methionine oxida-
tions and protein N-terminal acetylations were set as variable modi-
fications. The peptide tolerance for main search was 10 ppm, and the
MS/MS match tolerance was 20 ppm. Two missed cleavages were
allowed for enzymatic cleavage with trypsin/P. The option “match
between runs” was also enabled. Quantitation was performed with a
setting of label free (for label-free experiments) or double SILAC (for
SILAC experiments). The final list of peptides was obtained after
applying a 1% false discovery rate. For proteins, only proteins with at
least one unique peptide were considered. Nonunique peptides were
assigned to corresponding proteins, according to the Razor peptides
rule implemented in MaxQuant. Finally, the identified peptides and
proteins were filtered to remove peptides/proteins tagged as “REV”
and “CON.” For Matrigel samples, database search was against
SwissProt mouse database (January 2020; 17,027 entries), and
quantitation was performed using MaxQuant label-free mode. Other
parameters were same as analysis of organoid samples.

Experimental Design and Statistical Rationale

To keep the same condition for comparison, we used the same
passage of organoids established from one patient. Three biological
replicates were set for each organoid proteomic experiment. For the
comparison of three Matrigel dissolving methods, the same batch of
SILAC heavy-labeled organoids was used, and the same number of
wells was collected for each method. For the Matrigel proteomic
experiment, three batches of Matrigel (lot nos. 0055015, 0223001, and
0232003) were prepared simultaneously, and two replicates were set
for each batch.

Results were visualized using violin plot, bubble plots, box plots,
and volcano plots, using R package ggplot2. Histograms and scatter
diagrams were plotted by Microsoft Excel. Venn diagrams were
generated by VENNY2.1 (https://bioinfogp.cnb.csic.es/tools/venny/
index.html).
RESULTS

Comparison of Three Matrigel Dissolving Methods

First, we evaluated the performance of CR solution, dis-
pase, and PE buffer regarding CR and protein extraction. The
yield of peptides extracted in dispase group was more than
twice of yields in CR/PE groups, using the same number of
wells of organoid collected as input (Fig. 1A, p < 0.01). This
could be due to the mild nature of CR and PE, leading to
insufficient separation of Matrigel and organoid cells, with a
portion of cells discarded with Matrigel in supernatant after
centrifugation. This was consistent with experimental obser-
vation during Matrigel dissolving process, for example,
Matrigel was removed faster by dispase, and bigger volume of
cell pellets was collected in dispase than the other two groups
(Fig. 1B).
To precisely distinguish Matrigel proteins from organoid

proteomes, we labeled organoid proteins with SILAC. Heavy
lysine and arginine were added in SILAC medium, and orga-
noid proteins were labeled by metabolic incorporation of
heavy amino acids (“heavy”), whereas Matrigel proteins kept
natural state (“light”). After MS analysis and database search,
the greatest number of peptides and proteins was identified in
dispase group (Fig. 1, C and D), implying more waste of MS
scans by Matrigel contaminants in CR/PE groups. Further-
more, the highest incorporation ratio of heavy amino acids
was also achieved in dispase group (>97%), which was
significantly higher than the other two groups (Fig. 1E,
p < 0.01). Together, these results suggested that more
Matrigel proteins might be retained in the CR and PE groups,
resulting in lower incorporation ratios and less identified
peptides and proteins.
To further investigate the effect of undissolved Matrigel

contaminants, we performed label-free proteomic analysis
of three batches of Matrigel, as Matrigel has been reported
with batch-to-batch variation (25). As a result, 3677 identical
peptides in total were identified to be shared between mu-
rine Matrigel and human organoid proteomic profiles, cor-
responding to 927 Matrigel proteins, termed as potential
Matrigel contaminants (pMCs) (supplemental Fig. S1 and
supplemental Table S1). Next, we screened out the shared
peptides with low incorporation ratios (<97%, termed as
LIR–M peptides) in SILAC organoid profiles for each group,
and dispase group showed the least LIR–M peptides and
proteins as expected (Fig. 2A and Table 1). The differences
were more striking regarding the identical peptides that were
Mol Cell Proteomics (2022) 21(1) 100181 3
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FIG. 1. Overview of differences between three Matrigel dissolving methods. A, bar plots presenting yields of peptides for samples
collected by different methods (** indicates p < 0.01, t test). B, photos of cell pellets collected after incubation (30 and 60 min) using three
Matrigel dissolving methods, illustrating diverse Matrigel removing efficiencies. More Matrigel and less cells were observed in PBS–EDTA and
cell recovery solution groups. C and D, number of peptides (C) and proteins (D) identified in SILAC-labeled organoids collected by three
methods. E, the respective incorporation ratios of SILAC amino acids in organoid proteomic profiles collected by three methods, with each
triplicate method. SILAC, stable isotope labeling by amino acids in cell culture.

Proteomic Profiling of Organoids
shared between organoid peptides with zero incorporation
ratio (ZIR) and Matrigel proteins (termed as ZIR–M peptides).
Dispase group had only 15 ZIR–M peptides, whereas CR
and PE groups contained 113 and 91 ZIR–M peptides,
respectively (Fig. 2B and Table 1), implying that more
Matrigel contaminants were misidentified as organoid
FIG. 2. Analysis of the identical peptides shared between Matrig
A, Venn diagram illustrating the relationships between Matrigel peptides (
low SILAC incorporation ratios (<97%) collected by three methods. B, Ve
organoid peptides with zero SILAC incorporation ratio. C, Violin plot pre
group (*** indicates p < 0.001, Wilcoxon test). LIR, low incorporation rat
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proteins in samples collected by CR or PE methods.
Furthermore, we observed a higher degree of reduction in
incorporation ratio difference (between total peptides and
LIR–M peptides) in CR (15.3%) and PE (12.9%) groups than
the dispase group (2.1%) (Table 1), which indicated a greater
effect on quantitation of Matrigel contaminants in CR/PE
el and organoid peptides with low ratio of SILAC incorporation.
identified by label-free proteomic analysis) and organoid peptides with
nn diagram illustrating the relationships between Matrigel peptides and
senting the CV distributions of LIR–M protein quantification for each
io; SILAC, stable isotope labeling by amino acids in cell culture.



TABLE 1
Statistics of LIR–M and ZIR–M peptides in three groups

Statistical item
CR solution Dispase PBS–EDTA

Peptides Proteins Peptides Proteins Peptides Proteins

Number of ZIR–M peptides/proteins 113 34 15 10 91 23
Number of LIR–M peptides/proteins 1019 342 830 295 907 311
Average incorporation ratio of LIR–M peptides 74.3% 95.0% 79.3%
Average incorporation ratio of total peptides 89.6% 97.1% 92.2%

LIR–M, identical peptides shared between murine Matrigel and human organoid proteomes (with incorporation ratio <97%); ZIR–M, identical
peptides shared between murine Matrigel and human organoid proteomes (with ZIR).

Proteomic Profiling of Organoids
groups. Finally, we investigated reproducibility of LIR–M
protein quantification, which was quantified by CV of bio-
logical triplicates. The median CV in dispase group was
significantly lower than the other two groups (Fig. 2C,
p < 0.001), which further underscored the interference of
Matrigel contaminants on quantification accuracy of LIR–M
proteins in CR and PE groups.
We also compared the heavy intensities of organoid pro-

teomes between three groups to see whether different
Matrigel dissolving conditions could affect protein expression,
as dispase dissolved Matrigel by enzyme digestion at 37 ◦C,
whereas the other two methods did by nonenzyme dissocia-
tion at 4 ◦C. Surprisingly, only few proteins showed significant
difference (fold change > 2, adjusted p < 0.05) in the group of
samples collected by dispase, compared with the other two
groups (Fig. 3, A and B).
FIG. 3. Analysis of differentially expressed proteins between dispas
difference between dispase and CR (A) or PE (B) group. A protein is consi
log2 scaled fold change is greater than 1 (i.e., twofold change), and th
upregulated proteins in the dispase group, and blue dots represent sign
EDTA.
Taken together, dispase could be a decent experimental
approach for proteomic studies of organoid, with the highest
peptide extraction yield and satisfying Matrigel digestion
efficiencies.
Development of a List of hc-MCs

To help analysis of proteomic profiles of organoids
collected by CR and PE methods, we further identified a list of
hc-MCs based on the LIR–M peptides that were identified in
CR/PE group and unique in human proteome. As a result, 905
peptides (hc-MC peptides) were identified, corresponding to
312 murine hc-MCs. If the hc-MC peptides were removed
from organoid proteomes, the incorporation ratios will be
elevated to 96.1% in PE group (3.9% increase) and 95.1% in
CR group (5.5% increase), demonstrating that Matrigel
e and CR/PE group. Volcano plot depicting significance of expression
dered to be significantly differentially expressed if the absolute value of
e adjusted p value is less than 0.05. Red dots represent significantly
ificantly downregulated proteins. CR, cell recovery solution; PE, PBS–

Mol Cell Proteomics (2022) 21(1) 100181 5
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interference on protein quantitation could be significantly
attenuated by excluding the hc-MC peptides (Fig. 4A,
p < 0.01).
Next, we investigated the variations of hc-MCs in three

batches of Matrigel. The number of identified proteins in each
batch of Matrigel was similar (supplemental Fig. S2) with
78.5% of total proteins were in common among three batches
(Fig. 4B), whereas 95.2% of hc-MCs were identified in all
batches. Analysis of intensity-based absolute quantification,
using common proteins shared between any two batches,
demonstrated a highly significant correlation of protein
abundances between different batches (supplemental Fig. S3;
r2 > 0.9). Notably, hc-MCs were identified with a higher level of
abundance than the other pMCs and non-pMC proteins
(Fig. 4C). In short, hc-MCs were recurrently identified in
different batches of Matrigel with high abundance.
To evaluate the potential impact of 312 hc-MCs in real

proteomic studies, we further investigated expression
FIG. 4. Analysis of high-confidence Matrigel contaminants. A, g
methods, with hc-MC peptides included and excluded (** indicates p < 0
and total proteins identified in three batches of Matrigel. C, grouped bar p
and non-pMC proteins, among three batches of Matrigel (*** indicates p <
311 CSRPs and the non-CSRP proteins, in four cancer types (CRC, HC
(*** indicates p < 0.001, Wilcoxon test). E, bubble plot showing enriched
according to q values, and size of a bubble indicates the number of ide
razor protein; HCC, hepatocellular carcinoma; hc-MC, high-confidence
nomes; LUAD, lung adenocarcinoma; pMC, potential Matrigel contamina
amino acids in cell culture.
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patterns of 311 corresponding human proteins, supported
by the hc-MC peptides and termed as cross-species razor
proteins (CSRPs), in four published cancer proteomic
datasets (26–29). Most CSRPs had significantly higher
abundances than the non-CSRPs (Fig. 4D; p < 0.001), which
highlights the need of considering the influence of hc-MC
peptides in proteomic analysis of organoids. In addition,
pathway analysis of CSRPs identified significant enrichment
of four Kyoto Encyclopedia of Genes and Genomes path-
ways only (Fig. 4E, q < 0.05), in which amoebiasis and focal
adhesion pathways were enriched because of several
identified laminins, the main components of Matrigel; while
enrichment of glycolysis/gluconeogenesis pathway may be
due to the complex composition of Matrigel including
numerous intracellular proteins identified (12). Thus,
removal of 311 CSRPs from organoid proteomes may result
in partial loss of biological information relevant to these
pathways.
rouped bar plots presenting SILAC incorporation ratios using three
.01, t test). B, Venn diagram illustrating relationships between hc-MCs
lots showing abundance differences of hc-MCs, the remaining pMCs,
0.001, t test). D, grouped box plots showing abundance distribution of
C, LUAD, and PRAD) using published label-free proteomic datasets
KEGG pathways identified in CSRPs (q < 0.05). Bubbles are colored
ntified pathway genes. CRC, colorectal cancer; CSRP, cross-species
Matrigel contaminant; KEGG, Kyoto Encyclopedia of Genes and Ge-
nt; PRAD, prostate adenocarcinoma; SILAC, stable isotope labeling by



Proteomic Profiling of Organoids
DISCUSSION

Organoids have emerged as promising ex vivo models for
personalized medicine and regenerative medicine, which are
grown in a surrogate ECM (mostly Matrigel). Before the
subsequent functional assay (DNA, RNA, and protein
extraction), organoids must be isolated from Matrigel; thus,
digesting Matrigel in an effective way is of substantial
importance, because of its ill-defined composition. In this
study, we comprehensively investigated the interference of
insufficiently dissolved Matrigel on accurate identification and
quantification of organoid proteomes and provided experi-
mental justification for widely used Matrigel dissolving
methods in the field.
Based on systematic comparison of three popular Matrigel

dissolving methods, dispase showed significant advantages
in sample preparation for proteomic analysis of organoids,
including higher efficiencies of CR and protein extraction,
more effective Matrigel elimination, more peptide identifica-
tions, and higher accuracy of quantification. Furthermore,
although Matrigel contaminants exerted the influences on
quantification of organoid proteins sharing identical peptides
in samples collected by CR solution or PE buffer, these effects
could be significantly attenuated by excluding the list of hc-
MC peptides that we identified. However, there are
numerous intracellular proteins existing in hc-MCs; removing
all of them might result in a loss of important candidate pro-
teins related to the biological question. Therefore, we provided
the hc-MC list with peptide incorporation ratios (supplemental
Table S2), for further refinements of cutoffs to accommodate
diverse requirements on sensitivity depending on application
scenarios.
Different with few previous filtering studies, our analysis

provided deeper insights into abundance distribution of
Matrigel contaminants in proteomic profiles of organoids
(supplemental Tables S3 and S4), estimated by SILAC incor-
poration ratios, and further identified experiment and bioin-
formatics approaches to eliminate this interference with
minimal loss of biological information irrelevant to Matrigel.
This could provide more accurate identification and quantifi-
cation of organoid proteins, which is the cornerstone of
downstream functional analysis.
On the other hand, with the elimination of Matrigel, some

organoid-specific ECM proteins would be removed inevitably
at the same time. For further investigation of extracellular
organoid-specific ECM proteins with a precise and an exten-
sive coverage, it needs collection of Matrigel and medium for
decellularization and enrichment of highly insoluble ECM
components (30, 31). Moreover, effective methods also need
to be developed for recognition of organoid-specific ECM
proteins from Matrigel components.
In addition, despite the wide use of Matrigel, a number of

sophisticated ECM-like scaffolds are available or in devel-
opment, including collagen gel matrix and synthetic ECM
analogs (32, 33). These alternatives are generally made from
collagen or synthetic gel, mainly derived from poly-
acrylamide and polyethylene glycol (25), with supplementa-
tion of a defined list of specific ECM proteins. Therefore, we
speculate that the conclusion of Matrigel dissolving effi-
ciencies and protein extraction yield in this study would be
still useful, while the list of high-confidence containments
(hc-MC for Matrigel) needs to be revised according to the
specific components added in each ECM-like scaffold
system.
Finally, although this study was performed using gastric

cancer organoids, it could be applicable to organoids derived
from other epithelial tissues (e.g., lung, mammary gland,
esophagus, small intestine, colon, liver, pancreas, and pros-
tate) and other cancer types (e.g., prostate cancer, breast
cancer, liver cancer, and ovarian cancer), as Matrigel appears
to be one of the essential components of this culture system,
with supplementation of tissue-specific growth factors and
inhibitors (4, 11).
Taken together, these findings could be helpful for proteo-

mic and molecular research of organoid models, which is
upsurging, witnessed by the recent development of “living
biobank” using patient-derived organoids (1, 15, 34–36), and
the advances in large-scale proteomic/proteogenomic char-
acterization in cancer (26–29).
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