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Flow cytometric analysis of cell surface antigens is a powerful tool for the isolation and characterization of
stem cells residing in adult tissues. In contrast to the collection of hematopoietic stem cells, the process of
enzymatic digestion is usually necessary to prepare mesenchymal stem cells (MSCs) suspensions, which can
influence the expression of cell surface markers. In this study, we examined the effects of various cell-detaching
reagents and digestion times on the expression of stem cell-related surface antigens and MSC functions.
Human MSCs were detached from dishes using four different reagents: trypsin, TrypLE, collagenase, and a
nonenzymatic cell dissociation reagent (C5789; Sigma-Aldrich). Following dissociation reagent incubations
ranging from 5 to 120 min, cell surface markers were analyzed by flow cytometry. Trypsin and TrypLE quickly
dissociated the cells within 5 min, while collagenase and C5789 required 60 min to obtain maximum cell
yields. C5789 significantly decreased cell viability at 120 min. Trypsin treatment significantly reduced CD44",
CD55%, CD73%, CD105%, CD140a*, CD140b*, and CD201" cell numbers within 30 min. Collagenase treatment
reduced CD140a expression by 30 min. In contrast, TrypLE treatment did not affect the expression of any cell
surface antigens tested by 30 min. Despite the significant loss of surface antigen expression after 60 min of
treatment with trypsin, adverse effects of enzymatic digestion on multipotency of MSCs were limited. Overall,
our data indicated that TrypLE is advantageous over other cell dissociation reagents tested for the rapid prepa-

ration of viable MSC suspensions.
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INTRODUCTION

Analysis of cell surface antigen expression is a power-
ful tool to identify and isolate stem cells residing in adult
tissues. Recent advancements in the field of hematopoi-
etic stem cell (HSC) research are greatly indebted to
the development of fluorescence-activated cell sorting
(FACS) techniques and to the systematization of the
cluster of differentiation (CD) nomenclature'?. In addi-
tion to these milestones in HSC research, recent stud-
ies have identified the mesenchymal stem/stromal cells
(MSC:s) that reside in adult tissues and play crucial roles
in adult tissue homeostasis®”. The International Society
for Cellular Therapy (ISCT) has defined the criteria for
a bone marrow cell to be considered an MSC: (1) MSCs
are plastic-adherent cells when maintained in standard

culture conditions; (2) MSCs express CD73, CD90, and
CD105 surface antigens; (3) MSCs lack surface antigens
observed in various hematopoietic lineage cells such as
CD45, CD34, CD14 or CD11b, CD79a or CD19, and
human leukocyte antigen-antigen D related (HLA-DR);
and (4) MSCs have the ability to differentiate into mul-
tiple cell types of mesenchymal lineage, such as osteo-
blasts, adipocytes, and chondroblasts, in vitro®.

The synovial membrane is a thin layer of connec-
tive tissue that lines the joint cavity, tendon sheaths, and
bursae’. It is considered to play central roles in synovial
joint homeostasis since it produces synovial fluid, which
is important for lubrication, shock absorption, nutrient
supplementation, and waste transportation in the joint’. In
addition, the synovial membrane is considered to include
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multipotent cells that contribute to tissue regeneration
after injury’. It is reported that cells migrate from the
synovial membrane after meniscal injury to regenerate
the damaged tissue®’.

We have analyzed cultured fibroblastic cells isolated
from the suprapatella synovial membrane in the knee
joint. We regard these cells as MSCs (synovial MSCs)
since they have characteristics that satisfy the definition
of MSCs described by ISCT'. We have reported that
intra-articular administration of synovial MSCs in sus-
pension significantly enhanced both articular cartilage
and meniscus regeneration in experimental animals'™"*.
Based on these results, we have started clinical trials for
the regeneration of both articular cartilage and menis-
cus by the administration of autologous synovial MSC
suspensionsw. In these clinical trials, MSCs are isolated
from autologous tissues obtained by synovial biopsies
and expanded in our university hospital’s Cell Processing
Center (ISO9001 certified). To conduct safe, effective,
and reproducible synovial MSC transplantation therapy,
we consider it quite important to control both quantity
(cell number) and quality (purity and cell viability) of the
transplanted cells. Since MSCs are adherent, fibroblast-
like cells, enzymatic digestion is usually required for
the preparation of cell suspensions for transplantation.
A major concern is that inappropriate cell-detaching pro-
cedures may greatly abolish not only cell viability but
also stem cell functions in transplanted MSCs, altering
cell surface antigen expression profiles. Therefore, we
consider it important to establish a standardized proce-
dure for detaching adherent MSCs from culture dishes.
However, few articles carefully detail the cell-detaching
procedures utilized prior to flow cytometric analyses and
cell transplantation experiments.

In this study, we examined the effects of different
methods of detaching adherent cells (both enzymatic and
nonenzymatic) on the viability and expression of cell sur-
face antigens in cultured synovial MSCs. Here we showed
that trypsin and TrypLE quickly dissociated the cells
within 5 min at 37°C, while collagenase and C5789 requi-
red 60 min to obtain maximum cell yields. C5789 signi-
ficantly decreased cell viability at 120 min. Trypsinization
of cultured synovial MSCs significantly altered various
surface antigens reported to be expressed in MSCs such
as CD44, CD49c¢, CD55, CD58, CD73, CD105, CD140a,
CD140b, and CD201. Collagenase treatment reduced
CD140a expression by 30 min. In contrast, TrypLE treat-
ment did not affect any cell surface antigen expression
tested by 30 min. Despite the significant loss of surface
antigens after trypsin treatment for 60 min, adverse effects
of enzymatic digestion on MSCs were limited. Based on
these data, we concluded that within 30 min of incubation,
TrypLE was the most appropriate method for cell detach-
ment among all other methods employed in this study.
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MATERIALS AND METHODS
Synovial MSCs

This study was approved by the ethics committee
of Tokyo Medical and Dental University. All patients
included in this study gave their full written, informed
consent for participation. Primary human synovial cells
were isolated from synovial membranes obtained from
patients who underwent total knee arthroplasty (TKA) as
described previously with modification'®. Briefly, nucle-
ated cells were dispersed from 0.5 to 1 g of synovial
membrane dissected from suprapatellar bursae by colla-
genase digestion (C9263; Sigma-Aldrich, St. Louis, MO,
USA) for 3 h at 37°C. Cells were seeded onto 15-cm-
diameter dishes at 5.7x 10” cells/cm” and maintained for
14 days in modified Eagle’s medium-o. (MEM-o) (Gibco
12561056; Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco
12483040; Thermo Fisher Scientific) and antibiotic—
antimycotic (penicillin, streptomycin, and amphotericin B;
Gibco 15240062; Thermo Fisher Scientific). Cells were
detached from the dishes using TrypLE (Gibco 12563-
011; Thermo Fisher Scientific) and replated twice to
obtain enough numbers for the experiments.

Detaching the Cells From Dishes

To dissociate the cells from culture dishes, 0.25%
trypsin (Gibco 25200072; Thermo Fisher Scientific),
TrypLE, collagenase (3 mg/ml in MEM-ou), and nonenzy-
matic cell dissociation reagent (C5789; Sigma-Aldrich)
were employed for comparison in this study. Of note,
among these reagents, only TrypLE is accepted for use
in clinical studies since it is derived from an animal-free
source. Important information regarding the cell-detaching
reagents is summarized in Table 1. Cells were treated
with these reagents at 37°C for 5, 30, 60, and 120 min to
prepare cell suspensions. Total cell numbers were mea-
sured using an automatic cell counter (TC-20; Bio-Rad,
Hercules, CA, USA).

Cell Viability and Surface Antigen Expression
of Detached MSCs

To detect dead cells, detached cells were stained with
7-aminoactinomycin D (7AAD; BD Biosciences, San
Jose, CA, USA) for 10 min at 4°C and analyzed by a flow
cytometer (FACSVerse; BD Biosciences). To analyze sur-
face antigen expression, detached cells were stained with
antibodies against surface antigens according to the man-
ufacturers’ manual, and positive cell populations were
analyzed by flow cytometry. Surface antibodies analyzed
in this study were purchased from BD Biosciences and
are listed in Table 2; all of the markers have been reported
to be expressed in MSCs previously*®****, Numbers of
predicted trypsin recognition sequences in each antigen
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Table 1. Cell-Detaching Reagent Employed in This Experiment

Reagent Cat. No. Origin Substrate Specificity

Trypsin Gibco #25200-072  Porcine pancreas Cleaves peptides on the C-terminal side of lysine
and arginine amino acid residues, contains EDTA

TrypLE Gibco #12563-011  Nondisclosure Trypsin-like

Collagenase  Sigma #C9263 Clostridium histolyticum  Cleaves peptide bonds between Gly and Pro of
Pro-X-Gly-Pro sequence

C5789 Sigma #C5789 Mixture of EDTA and Divalent cation chelator

nitrilotriacetic acid

EDTA, ethylenediaminetetraacetic acid; Gly, glycine; Pro, proline.
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were also indicated in Table 2 (PeptideCutter; Wilkins
et al.”).

Immunohistochemical Analyses

Sections were deparaffinized in xylene (Wako Pure
Chemical Industries, Tokyo, Japan), rehydrated in graded
alcohol, and saturated with phosphate-buffered saline
(PBS). For type II collagen staining, samples were pre-
treated with 0.4 mg/ml proteinase K (Dako, Agilent
Technologies, Santa Clara, CA, USA) in Tris-HCI buf-
fer (Wako Pure Chemical Industries) for 10 min. We did
not perform proteinase K digestion for type I collagen

Table 2. Surface Antigens Analyzed in This Study

staining. Next, endogenous peroxidases were quenched
using 0.3% hydrogen peroxide in methanol for 30 min.
Primary antibodies (human anti-type I collagen, 1:500
dilution; human anti-type II collagen, 1:500 dilution;
Daiichi Fine Chemical Co. Ltd., Takaoka, Japan) were
applied to sections and incubated at 4°C overnight. The
sections were rinsed with 0.1% PBS-Triton X-100 (MP
Biomedicals Inc., Solon, OH, USA), and then incubated
in a 1:200 dilution of the secondary antibody [biotiny-
lated horse anti-mouse immunoglobulin G (IgG) for type I
and II collagen; Vector Laboratories, Burlingame, CA,
USA] for 30 min at room temperature. After sections

No. of Trypsin

CD No. Aliases Accession No. Molecular Function Cleavage Sites
CD9 TSPAN29 NP_001760 A tetraspanin family molecule, cell adhesion 21
CD13 APN NP_001141 Aminopeptidase 81
CD26 DPPIV NP_001926 Dipeptidyl peptidase 69
CD29 ITGB1 NP_000880 An integrin family molecule, cell adhesion 70
CDh44 Pgpl NP_000601 A receptor for hyaluronic acid (HA), osteopontin, 51
collagens, and matrix metalloproteinases (MMPs)
CD45 LCA NP_002829 Protein tyrosine phosphatase 132
CD49c¢ ITGA3 NP_002195 Cell adhesion 90
CDs51 ITGAV NP_006608 Cell adhesion 149
CD61 ITGB3 NP_000203.2 Cell adhesion 75
CD55 DAF NP_001287831 Complement control protein 48
CD58 LFA3 NP_001770 Adhesion and activation of T cells 20
CD59 MAC-IP NP_000602 Complement control protein 9
CD73 E5SNT NP_002517 Ecto-5"-nucleotidase 57
CD90 Thyl NP_937839 Cell adhesion 48
CD105 Endoglin NP_114452 A component of the transforming growth factor- 63
receptor complex
CD140a  PDGFRA NP_006197 A receptor for PDGF 105
CD140b  PDGFRB NP_002600 A receptor for PDGF 90
CD201 EPCR NP_006395 A receptor for activated protein C, a serine 16

protease activated by and involved in the blood
coagulation pathway

TSPAN29, tetraspanin 29; APN, aminopeptidase N; DPPIV, depeptidyl peptidase IV; ITGBI1, integrin 3 1; Pgpl, phagocytic
glycoprotein-1; LCA, leukocyte common antigen; ITGA3, integrin o 3; ITGAYV, integrin o V; ITGB3, integrin beta 3; DAF, decay
accelerating factor; LFA3, lymphocyte function-associated antigen 3; MAC-IP, membrane attack complex-inhibitory protein; ESNT,

ecto-5¢-nucleotidase; Thy1, thymocyte antigen 1; PDGFRA, platelet-derived growth factor receptor o; PDGFRB, platelet-derived

growth factor receptor B; EPCR, endothelial protein C receptor.
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were rinsed, signals were visualized using Vectastain
ABC reagent (Vector Laboratories) followed by 3,3’-
diaminobenzidine (DAB) staining (Vector Laboratories).
The sections were counterstained with hematoxylin (Muto
Pure Chemicals, Tokyo, Japan).

Immunocytochemical Analysis

MSCs at passage 4 were detached by incubating with
trypsin for 60 min and reseeded on cell culture slides
(354118; BD Falcon, Bedford, MA, USA). On either day
1, 3, or 5 of culture, cells were fixed with 4% formalde-
hyde for 5 min, incubated in 1% bovine serum albumin
(BSA; Sigma-Aldrich)/10% normal goat serum (Vector
Laboratories) in 0.1% PBS-Triton X-100 (MP Biomedicals
Inc.) for 30 min, and then incubated with rabbit anti-
human CD73 (Ab175396; Abcam, Cambridge, MA, USA),
rabbit anti-human CD105 (Ab49228; Abcam), or rabbit
anti-human CD140b (Ab107169; Abcam). After rins-
ing, slides were incubated with Alexa Fluor® 555 goat
anti-rabbit IgG antibody (A-31570; Life Technologies,
Woburn, MA, USA) for CD105, or Alexa Fluor® 488
goat anti-rabbit IgG antibody (S-32354) for CD73 and
CD140b, and then counterstained with 4’,6-diamidino-
2-phenylindole (DAPI; D-21490; Invitrogen, Carlsbad,
CA, USA) and coverslipped. Fluorescent images were
taken with a fluorescence microscope (BX53; Olympus,
Tokyo, Japan).

In Vitro Differentiation Assay

An in vitro differentiation assay was performed
according to the method described by Colter et al. with
small modifications™.

For chondrogenesis, 2.5%x10° cells were placed in a
15-ml polypropylene tube (BD Falcon), centrifuged
at 450xg for 10 min, and cultured in chondrogenesis
medium containing 1,000 ng/ml recombinant human bone
morphogenetic protein 7 (thBMP-7) (a gift from Stryker
Biotech, Hopkinton, MA, USA), 10 ng/ml transforming
growth factor-B3 (TGF-3; R&D Systems, Minneapolis,
MN, USA), and 100 nM dexamethasone (Sigma-Aldrich)
for 14 days.

For adipogenesis, cells were cultured in MEM-o
supplemented with 10% FBS, 100 nM dexamethasone
(Sigma-Aldrich), 0.5 mM isobutyl-methylxanthine (IBMX;
Sigma-Aldrich), and 50 uM indomethacin (Wako Pure
Chemical Industries) for 21 days. The adipogenic cul-
tures were fixed in 4% paraformaldehyde (PFA) and then
stained with fresh Oil red O solution (Sigma-Aldrich).

For calcification, cells were cultured in MEM-a. sup-
plemented with 10% FBS, antibiotics, 1 nM dexametha-
sone, 20 mM [B-glycerol phosphate (Wako Pure Chemical
Industries), and 50 pg/ml ascorbate-2-phosphate (Sigma-
Aldrich) for 21 days. The calcified nodules were visual-
ized by 0.5% Alizarin red staining (Sigma-Aldrich).
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Statistical Analysis

The Kruskal-Wallis test followed by the Steel-Dwass
test or Mann—Whitney U-test was employed for statistical
analyses. Values of p<0.05 were considered as signifi-
cant (StatView+5.0 Software Package; SAS Institute Inc.,
Cary, NC, USA).

RESULTS

Effect of Different Cell-Detaching Procedures
on Cell Recovery and Cell Viability

Trypsin and TrypLE quickly dissociated the cells
within 5 min at 37°C, while collagenase required 60 min
to obtain the maximum cell yields (Fig. 1A). The aver-
age cell yields at 5 min were quite comparable between
trypsin and TrypLE (trypsin: 1.8440.74x10° cells/dish,
TrypLE: 1.61£0.59%x 10’ cells/dish) (Fig. 1B). In contrast,
the average cell yield at 5 min by collagenase digestion
was almost one third of that of trypsin digestion (0.51=%
0.62x10° cells/dish) (Fig. 1B). We did not observe any
significant difference in cell recovery between the incu-
bation periods with C5789 (Fig. 1A). Average cell yield
at 5 min by C5789 incubation was 0.62+0.51x 10’ cells/
dish (Fig. 1B). Cell viability was not significantly altered
by enzymatic digestion; however, nonenzymatic C5789
treatment significantly reduced the live cell population
at 120 min (Fig. 1C). In addition, viability of the cells
detached by C5789 for 30 min was significantly low if
compared to that of trypsin (Fig. 1D).

Effect of Different Cell-Detaching Procedures
on the Expression of CD73, CD90, and CD105
Mesenchymal Cell Markers

To examine the effects of different cell-detaching
reagents and incubation times for cell detachment on the
expression of synovial MSC surface antigens, we ana-
lyzed the expression of CD73, CD90, and CD105 by flow
cytometry, as they are representative stem cell markers
for MSCs. Trypsin treatment significantly reduced the
population of CD73" cells within 60 min (Fig. 2 and
Table 3). In addition, trypsin treatment reduced median
fluorochrome intensity within 30 min (Fig. 2A, upper
left, compare red and orange lines), indicating that
expression levels of CD73 on each CD73" cell were
also decreased after trypsin treatment. Another MSC
marker, CD105, seemed to be more severely affected
by trypsin treatment, as both the positive cell popula-
tion and median fluorochrome intensity were quickly
and significantly reduced within 30 min (Fig. 2 and
Table 3). In contrast, subtle effects on CD90 expression
were observed in MSCs by trypsin treatment, although
fluorochrome intensity was slightly reduced by 30 min
(Fig. 2A). Among the other surface antigens examined,
CD44*, CD55%, CD140b", and CD201" cell populations
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Figure 1. Effect of different cell-detaching procedures on cell recovery and cell viability. One hundred thousand cells were seeded on
15-cm dishes and maintained for 2 weeks. (A) Number of the cells recovered by each cell-detaching reagent and incubation time indi-
cated. (B) Number of cells recovered by each cell-detaching reagent at 5 min. (C) Detached cells were stained with 7-aminoactinomycin
D (7AAD), and living cell populations were calculated by flow cytometry. (D) Survival rate of the detached mesenchymal stem cells
(MSCs) by each reagent at 30 min. Data are represented as the average and standard deviation of six donors. *p<0.05. N.E., not

examined; n.s., not significant.
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Figure 2. Surface antigen expression of detached MSCs. One hundred thousand cells were seeded on 15-cm dishes and maintained
for 2 weeks. Cell suspensions were prepared using detaching reagents and incubation times indicated. Detached cells were stained
with antibodies listed in Table 1, and each antigen® population was calculated by flow cytometry. (A) A representative result of flow
cytometric analysis. (B) Time course effects of each cell-detaching reagent on the positive population of each cell surface antigen. Data
are presented as the average and standard deviation of six donors. FITC, fluorescein isothiocyanate; PE-Cy7, phycoerythrin—cyanin 7;
PerCP-Cy5.5, peridinin chlorophyll protein—cyanin 5.5.
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were significantly reduced by trypsin treatment (Table 3).
The population of CD140a" cells did not decrease sig-
nificantly during the period of trypsin treatment; how-
ever, the positive cell population was already decreased
by trypsin treatment for 5 min if compared with that of
TrypLE treatment for 5 min, indicating that CD140a
may be quite sensitive to trypsin treatment (Fig. 3A
and Table 3). TrypLE treatment had subtle effects on
MSC surface antigen expression by 30 min, but CD44",
CD49c¢*, CD73", CD140a", and CD140b"* cell numbers
were significantly reduced at 60 min (Fig. 2 and Table 3).
Collagenase treatment significantly reduced CDS58",
CD105%, and CDI140b" cell populations at 120 min
(Table 3). Similar to trypsin treatment, median fluoro-
chrome intensity for CD105 on MSCs was significantly
reduced with time during collagenase treatment (Fig. 2).
In addition, CD140a" cell populations were significantly
reduced by collagenase treatment for 30 min (Fig. 3B).
C5789 had the mildest effect on MSC surface antigen
expression by 120 min, where only the numbers of
CD73" cells were significantly reduced at 120 min (Fig. 2
and Table 3).

Reduction of Surface Antigen Expression by Long-Term
Trypsin Treatment Was Reversed After Recovery Culture

To examine if the reduction of CD73, CD105, and
CD140b expression by long-term trypsin treatment altered
stem cell character irreversibly, cells subjected to detach-
ment by trypsinization for 60 min were reseeded and
cultured for another 14 days under normal conditions
(Fig. 4A), and the expression of these antigens was
analyzed. As shown in Figure 4B, the reduced expres-
sion of CD73, CD105, and CD140b by long-term trypsin
treatment (60 min) was completely reversed by recov-
ery culture. Immunohistochemical (Fig. 4C, left) and
flow cytometric analyses (Fig. 4C, right) indicated that
the expression of CD73, CD105, and CD140b quickly
reversed by day 3 (CD73 and CD105) or by day 5
(CD140b). These data indicate that the loss of the expres-
sion of these surface antigens by long-term trypsin diges-
tion might not induce an irreversible surface antigen
expression profile on synovial MSCs.

Reduction of Surface Antigen Expression by Long-Term
Trypsin Treatment Had Limited Effects on Multipotency
of Synovial MSCs

To examine if long-term trypsin treatment reduced
multipotency of synovial MSCs, we conducted in vitro
differentiation assays using the cells detached by trypsin
treatment for 60 min (group II) or by TrypLE treat-
ment for 5 min (group I in Fig. 5A). To compare the
chondrogenic potential of the detached cells, cells were
centrifuged to form pellets and cultured for 2 weeks in
chondrogenic medium. As shown in Figure 5B, average
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wet weight of the pellets was comparable between the
groups. Histological analysis suggested that cell density
decreased in the group II pellets. However, chondro-
genic potential remained since we observed subtle dif-
ferences in type II collagen expression between group I
and group II. In addition, these changes appeared revers-
ible since the average wet volumes of the pellets in group
IIL, in which cells were maintained for another 2 weeks
to recover from damage by long-term trypsinization,
were quite comparable to those in group I (Fig. 5B). We
observed subtle differences with regard to the osteogenic
and adipogenic differentiation potential among groups I
to III (Fig. 5B).

DISCUSSION

Since MSCs are adherent fibroblast-like cells, enzy-
matic digestion is required to prepare cell suspensions.
However, inappropriate cell-detaching procedures may
damage the cells, abolishing not only living cell numbers
but also cell functions. Thus, it is important to evaluate
the effects of different cell-detaching reagents and differ-
ent incubation times on cell surface antigen expression
and stem cell function in order to establish a standardized
protocol for preparing MSC suspensions for cell trans-
plantation therapy.

In this study, we compared four different cell-detaching
reagents: trypsin, TrypLE, collagenase, and C5789. Among
them, trypsin and TrypLE are advantageous for cell dis-
sociation since they quickly detached the cells from the
dishes. In contrast, collagenase required almost 60 min to
reach maximum cell yields. This may be due to the type
of extracellular matrices produced by MSCs to attach to
the plastic surfaces. Both collagens and fibronectins are
reported to be substrates for trypsins”~°. Collagenases
are also reported to be able to degrade fibronectins;
however, enzymatic activity is more specific to collagen
fibers*"*. Our preliminary data suggest that major extra-
cellular matrix components, which are utilized for MSCs
to attach on a plastic surface, might be the fibronectin
family molecules, since MSCs highly express integrin
subsets for fibronectins (otv3) but not for collagens
(ol integrins) (Tsuji et al., manuscript in preparation). We
observed the lowest cell yields with C5789 treatment.
In addition, cell viability was significantly reduced by
C5789 treatment for 120 min. C5789 is a mixture of eth-
ylenediaminetetraacetic acid (EDTA) and nitrilotriacetic
acid, which are chelators for divalent cations. C5789
functions to deplete the Mn** and Mg2+ ions, which are
required for integrin—matrix conjugation®. Since divalent
cations are also required for most enzymes prerequisite
for basal cell metabolism®, we consider that the reduced
cell viability after long-term C5789 treatment may be due
to the inhibition of these enzymes rather than inhibition
of integrin function.
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Figure 3. Surface antigen expression of detached MSCs. One hundred thousand cells were seeded on 15-cm dishes and maintained
for 2 weeks. Cell suspensions were prepared using detaching reagents indicated. Detached cells were stained with antibodies as listed
in the figure. Each antigen-positive population was calculated by a flow cytometer. (A) Positive cell population of each surface anti-
gen after trypsin or TrypLE treatment for 5 min. CD140a" cell population was quickly and significantly reduced by trypsin treatment.
(B) Positive cell population of each surface antigen after four different cell-detaching reagent treatments for 30 min. CD140a" cell
population was significantly reduced by trypsin, collagenase, and C5789 treatment. Data are presented as the average and standard
deviation of six donors. *p<0.05.
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Figure 4. Reduction of surface antigen expression by long-term trypsin treatment was reversed after recovery culture. (A) Schematic
diagrams of the experiment. One hundred thousand cells were seeded on 15-cm dishes and maintained for 2 weeks. Cell suspensions
were prepared by TrypLE for 5 min (as a control, I) or trypsin treatment for 60 min (II). Cells treated with trypsin for 60 min were
reseeded on 15-cm dishes and maintained for another 2 weeks (I1I). After the culture, cells were detached with TrypLE for 5 min and
subjected to flow cytometric analysis (III). (B) One hundred thousand cells were stained against CD73, CD105, or CD140b antibody
and subjected to flow cytometric analysis (I, II, and III). (C) Cells treated with trypsin for 60 min were seeded on a slide chamber, and
time course changes in CD73, CD105, or CD140b expressions were analyzed by immunostaining (left). Positive cell populations at
each time point were calculated by flow cytometer (right). (B) The average with standard deviation of four donors, and (C) the repre-
sentative results from one donor. *p<0.05. Scale bars: 50 um.
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Flow cytometric analyses indicated that cells positive
for MSC surface antigens are deeply influenced by the
methods for cell detaching. Among the antigens tested
(17 in total), positive populations of 9 antigens, CD44,
CD49c, CD55, CD58, CD73, CD105, CD140a, CD140b,
and CD201, were significantly reduced by the cell-
detaching procedures in a time-dependent manner. Among
the four reagents tested, trypsin treatment appeared to be
the most harmful for cultured MSCs. Seven out of nine
antigens were significantly decreased by trypsin treat-
ment. Among them, MSCs positive for CD140a were
quickly decreased and almost disappeared within 5 min
of trypsin incubation. CD55, CD105, and CD140b were
also severely affected, which quickly and significantly
dissociated by trypsin treatment within 30 min. CD44-,
CD73-, and CD201-expressing cells were significantly
decreased within 60 min. Trypsin is the most commonly
used cell-detaching reagent that cleaves peptides on the
C-terminal side of lysine and arginine amino acid resi-
dues. Interestingly, computer-based analyses indicated
that 17 out of 17 antigens had predicted multiple trypsin
recognition sequenceszs; however, we found that only
7 antigens were severely affected by trypsin treatment.
This may be due to posttranslational modification, such
as glycosylation, or the three-dimensional conformation
of each antigen. These data further indicate the signifi-
cance of our results, as in silico analysis is not powerful
enough to predict the change in antigenicity of MSCs by
enzymatic digestion. TrypLE is a recombinant enzyme
with trypsin-like activity, although detailed information
such as the origin of the cDNA and the manufacturing
method have not been disclosed by the manufacturer.
This enzyme is currently widely employed to detach
MSCs from culture dishes for transplantation therapy
since this enzyme is certified as an animal-free source.
Our results indicated that the substrate specificity
between trypsin and TrypLE was similar but not identi-
cal to each other. TrypLE had milder effects on CD140a
and CD105 antigenicity than trypsin. Of note, we did not
observe a significant reduction in any surface antigen
expression by TrypLE treatment by 30 min. Collagenase
and C5789 had milder effects on surface antigen con-
servation, and significant reduction in surface antigen
expression was observed after 60 min. This suggests
that TrypLE, collagenase, and C5789 are more suitable
cell-detaching reagents for conservation of cell surface
antigens than trypsin. Taken together, we concluded that
TrypLE is advantageous over the other cell dissocia-
tion reagents tested for the rapid detachment of viable
MSC suspensions.

In this study, we found that reduction of surface anti-
gen expression by trypsin treatment for 60 min did not
induce irreversible changes in MSC functions since
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surface antigen expression was recovered by 5 days.
In addition, we found that chondrogenic, osteogenic,
and adipogenic differentiation abilities of trypsin-treated
MSCs were almost comparable with those treated with
TrypLE after 5 min. These data suggest that the effects
of cell-detaching procedures on stem cell functions were
quite limited. This may be due to the hyperplasticity of
MSCs, where these cells may have the capacity to endure
transient cell surface modifications or environmental
changes to maintain stem cell functions.

Cell-detaching procedure cost is another important
issue to be considered in cell transplantation therapy. Our
calculation indicated that the cost of each enzyme solu-
tion per unit volume was as follows: collagenase—about
10-fold of trypsin; C5789—about 3.6-fold of trypsin; and
TrypLE—about 1.8-fold of trypsin. These indicate that
trypsin and TrypLE are more cost-effective than others.

There are several limitations in this study. We con-
cluded that TrypLE treatment within 30 min is the best
procedure to detach the cells based on cell yields, viabil-
ity, and the preservation of surface antigens. However, we
did not examine all of the cell surface antigens expressed
on MSCs, and a more comprehensive analysis may result
in a different conclusion. MSCs used in this study were
passaged four to five times before being subjected to
experimentation. For passaging MSCs, we treated the
cells with TrypLE for 5 min to detach the cells from
the plastic dishes, which may affect the homogeneity of
the cells. Currently, many of the autologous cell trans-
plantation therapies inject primary expanded cells'. It is
possible that sensitivity to enzymatic digestion of primary
cells may differ from passaged cells. An in vitro differen-
tiation assay was conducted using the cells treated with
trypsin for 60 min. We have not analyzed the multipo-
tency of trypsin-treated cells in vivo. In addition, we have
not checked the multipotency of MSCs after repeated
60-min trypsin treatments. We conclude that an intermit-
tent enzymatic digestion of surface antigens may have
adverse effects on MSCs.

CONCLUSION

In conclusion our results suggest that TrypLE is the
most advantageous cell dissociation reagent in the prepa-
ration of MSC suspensions.
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