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adhere to the bottom of the dish, resulting in the loss of cell
recovery. To overcome this problem, we here demonstrate an
improved explant method that involves the use of a stainless
steel mesh (Cellamigo®; Tsubakimoto Chain Co.) to protect
the tissue from floating, after the minced fragments are aligned
at regular intervals in culture dishes. This improved explant
method is simple, fast, and feasible for use in clinical settings.

Materials and Methods
Improved explant method

The present study was approved by the Ethics Committee
of the Institute of Medical Science, University of Tokyo and
the NTT Medical Center Hospital, Japan. UCs were collected
after informed consent was obtained from pregnant women
planning to have cesarean sections. The UC surface was im-
mersed in phosphate-buffered saline (Saibou Kagaku) con-
taining 50 pg/mL of gentamicin (Eltacin; Fuji Pharma) and
0.25 pg/LL amphotericin B (Fungizon; Bristol-Myers Squibb
Company). A flow chart illustrating the conventional and
improved explant method is shown in Figure 1. UCs were
minced into 1-2-mm® fragments and divided into two groups
for explant isolation with and without Cellamigo. Minced
fragments (2g) were aligned at regular intervals in 10-cm
culture dishes and semidried until the fragments were firmly
attached to the bottom of the dish for at least 30—60 min. Then,
the culture medium, consisting of the minimum essential
medium-o¢ («-MEM) supplemented with 10% fetal bovine
serum (FBS), gentamicin, and amphotericin B, was gently
poured into the dishes. On the other hand, in the improved

1.Packaged UC 2.Measure the

weight

Explants method

5. Overlay the )
CellAmigo® & ’

] P sl

1 min

4. Alignment of minced
UC tissue on the plate 5’ Semi-dry 1h
for 60 min

and pour

the medium

slowly

FIG. 1.

9-15 days
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explant method with Cellamigo, the minced fragments were
aligned at a density of about 2 g/10-cm dish and covered with
Cellamigo, and the medium was immediately poured into the
dishes. The cells were incubated at 37°C with 5% CO,, and
the culture medium was refreshed 5 days after plating and
then every 2 days until the fibroblast-like adherent cells
reached 80-90% confluence. Within 9 to 12 days, the adherent
cells and tissue fragments were harvested using 10% trypsin
solution (rTE; Cell Science & Technology Institute) and wa-
shed with o-MEM supplemented with 10% FBS. The cells
and tissue fragments were removed with Cell Lifter (Corning)
and filtered to remove the tissue fragments with a 100-pum cell
strainer (BD Falcon).'” The harvested cells, other than those
undergoing further analysis, were immediately cryopreserved
in the Stemcell Banker freezing medium (Zenoaq). The cells
used for further analysis were plated at 4500 cells/cm?, the
medium was refreshed every 2 days, and the cells were ex-
panded after 4 days of culture.

Tissue staining on the plastic plate

To determine the proportion of CD105" cells in the
minced UC tissue, the UC was cut segmentally and cultured
on the plastic dish using the explant method, as described
above. The segments were gently peeled off from the bot-
tom of the dish, fixed with 4% formaldehyde, and paraffin
sections were prepared. The sections were histologically
stained with alkaline phosphatase-conjugated anti-human
CD105 mouse monoclonal antibodies (mAbs, Novocastra;
Leica Biosystems). Corresponding fragments were stained
with hematoxylin and eosin (HE; Sigma).

3. Mincing of UC

6. MSCs are migrated
from UC tissue.

7. Collect the migrating cells after Trypsin
treatment and remove the tissue
fragments with a filter = UC-MSCs Master
cells

Isolation of mesenchymal stem cells (MSCs) with the conventional and improved explant methods. The flow chart

illustrates the isolation process for umbilical cord-derived mesenchymal stem cells (UC-MSCs) by the explant methods with
or without the Cellamigo® stainless steel mesh. The first obtained UC-MSCs are defined as the master cells. Color images

available online at www.liebertpub.com/tec

= 86 -



IMPROVED EXPLANT METHOD FOR ISOLATION OF UMBILICAL CORD-DERIVED MSCs 3

Flow cytometry analysis and cell sorting

Standard flow cytometry techniques were used to deter-
mine the defined MSC markers for UC-MSCs, as described
elsewhere.!' UC-MSCs were stained with the following
mouse mAbs: phycoerythrin (PE)-conjugated anti-human
CD73, HLA-ABC, CD14, CD19, and CD44 (BD Bio-
sciences); fluorescein isothiocyanate (FITC)-conjugated
anti-human CD90, CD105 (eBioscience), CD34, and HLA-
DR (BD Biosciences); allophycocyanin (APC)-conjugated
anti-human CD45 (BD Biosciences); and FITC-, PE-, and
APC-conjugated anti-mouse IgGs (BD Biosciences).

Mixed lymphocyte reactions

Mixed lymphocyte reaction (MLR) was performed on UC-
MSCs and control cells. Carboxyfluorescein succinimidyl
ester (CFSE)-labeled human CB-derived mononuclear cells,
as the responder cells, were mixed with irradiated (50 Gy)
human autologous or allogeneic CB-derived dendritic cells
(DCs), as stimulator cells, in a 10:1 ratio in the presence of
low-dose anti-CD3 antibody. CFSE-labeled responder cells
were stained with APC-conjugated anti-human CD4 or CD8
mAbs on the day of harvest. The stained cells were acquired
with a FACSCanto II flow cytometer (BD Biosystems) and
analyzed using FlowJo software (Tomy Digital Biology, Co.
Ltd.). In CFSE histograms, when the responder cell divides,
the fluorescence should be apportioned equally to daughter
cells to reflect half the parental intensity, indicating the pro-
liferation of the responder cells.

Adipogenic and chondrogenic differentiation

UC-MSCs were plated at a density of 2x 10* cells/well in
12-well plates and were induced to differentiate into adi-
pocytes with a culture medium supplemented with 100 pM
indomethacin (Sigma-Aldrich), 0.5mM IBMX (Sigma-
Aldrich), and 10 pg/mL insulin (Sigma-Aldrich)'® and
stained with Oil Red O (Sigma-Aldrich).

To evaluate the chondrogenic differentiation ability of the
UC-MSCs, we used a pellet culture system in the chon-
drogenic differentiation medium. The pellet cells, consisting
of 2.5x10° UC-MSCs, were cultured in StemMACS™
ChondroDiff Media (Miltenyi Biotec GmbH) in 15-mL
conical tubes. The medium was refreshed every 3 days, and
after 24 days, the cells were fixed with 4% formaldehyde
and stained with the hematoxylin—eosin solution and 0.05%
Toluidine blue (Sigma-Aldrich).

Statistical analyses

Differences between groups were analyzed with JMP
6.0.2 software (SAS Institute). Statistical analyses were
performed with Student r-tests, and a p-value of 0.05 was
regarded as statistically significant.

Results

Proportion of CD105* cells in the UC tissue fragments
during explant culture

UC-MSCs that migrated from the adherent fragment were
observed under the microscope (Fig. 2). UC tissue frag-
ments were stained with anti-human CD105 mAbs to detect

CD105 staining

Before culture =

After culture

Side of fragment adhering to the plastic plate

FIG. 2. CDI105-positive cells in the UC tissue fragment
during the explant method culture. The UC fragment was
stained with anti-human CD105 monoclonal antibodies to
detect the CD105-positive MSCs. CD105-positive cells
were observed at the endothelial cells of the vessels before
the culture. The CD105-positive cells appeared on the side
of the fragment that adhered to the plastic plate, but not on
the nonadherent sides, after culture by the explant method.
CD105-positive cells are indicated by arrows (brown cells).

the CD105-positive MSCs contained in the fragment cul-
tured by the explant method. CD105-positive cells were
observed among the endothelial cells of the vessels before
culture. We only found the CD105-positive cells on the side
of the fragment that was adherent to the plastic plate after
culture when using the explant method (Fig. 2).

Numbers of UC-MSCs isolated with the improved
and conventional explant methods

A significantly higher number of UC-MSCs were isolated
by the explant method when using Cellamigo (2.9 + 1.4 x 10°
cells/g) compared to those obtained with the conventional
method (0.66+£0.53 x 108 cells/g) (n=6, p<0.01) when the
cells cultured with Cellamigo reached 80-90% confluence on
day 11 (range 9 to 12 days) (Fig. 3A). The incubation time
was also significantly reduced in the improved explant
method with Cellamigo compared to the time required to
reach an equivalent number of cells with the conventional
explant method. It took only 10.3%£1.0 days (n=12) to
obtain 2.83+1.2x10° cells/g by the explant method with
Cellamigo, while 20.1+4.4 days (n=12) were required to
obtain 2.28x 10° cells/g with the conventional explant
method.

UC-MSCs isolated by both the conventional and im-
proved explant methods met the minimal criteria of MSCs
defined by the International Society for Cell Therapy.'* UC-
MSCs isolated with both methods showed a spindle-shaped,
plastic-adherent, phenotype with positive CD105, CD73,
and CD90 expression, and negative CD45, CD34, CD14,
CD19, and HLA-DR expression (Fig. 3B).

-87-



4 MORI ET AL.

A x106
5.0 1
4.0 B Cellamigo® Cellamigo®
3.0 () (+) ) (+)

cogoi . | ‘ cD45 |

Cellnumber/ g
N
o

-
o

0 P<0.01 1 -
Cellamigo®  (-) (#) n=6 CD105 l ‘
C =
R:S:UC-MSCs CD4 , cD8 cD73 '

A:--

|
|

CD34

CD14

A

l
f

(2]
o

AA:- |/ | AL HLA-AB‘F
[ ’
|
L

CD19

A:B:- ’

: : ? “’" e, HLA-OR
A:AA ; | ' A I‘ -

=
i

A:B:A ‘
A:B.C

Cellcount

FIG. 3. Characterization of UC-MSCs isolated by the improved explant method with Cellamigo. (A) Comparison of the
number of UC-MSCs isolated by the conventional and improved explant methods. (B) UC-MSCs isolated with both
methods showed positive CD105, CD73, and CD90 expression, and negative CD45, CD34, CD14, CD19, and HLA-DR
expression. (C) UC-MSCs isolated by the improved explant method with Cellamigo showed the inhibition of CD4- and
CD8-positive T-cell proliferation in the autologous and allogeneic setting of the mixed lymphocyte reaction (MLR).
Carboxyfluorescein succinimidyl ester (CFSE)-labeled mononuclear cells (R) were cultured in different conditions, A:-:-
indicates R only, A:A:- or A:B:- indicates coculture with autologous or allogeneic dendritic cells (S), A:A:A indicates all
autologous cells, A:B:A indicates allogeneic stimulation, but autologous UC-MSCs, and A:B:C indicates allogeneic
stimulation and allogeneic (third party) UC-MSCs. The ratio of the mixture of R:S:UC-MSCs for the MLR was 10:1:1.
Color images available online at www.liebertpub.com/tec

In the MLR, CFSE-labeled responder T cells proliferated Adipocyte and chondrocyte differentiation
in response to autologous or allogeneic stimulations. Autologous-
or third party-derived UC-MSCs isolated by the improved To confirm the differentiation ability of the UC-MSCs
explant method with Cellamigo efficiently inhibited the isolated by the improved explant method with Cellamigo,
proliferation of responder T cells triggered by allogeneic or we induced UC-MSCs at passage 3 into adipocytes and

autologous DCs as the stimulator (Fig. 3C). chondrocytes. Using the adipocyte differentiation induction
[ o R R S
% 5 ¥ 2
_ o S S ., Chondrocyte B
Adipocyte . @ = By “’ ') Differentiation
Differentiation == % %
% % g 3 ' Ll » X 40 e i
@'.00\ N —19-0—“7 HE staining Toluidine blue staining

" "0il Red O staining

FIG. 4. Adipocyte and chondrocyte differentiation. UC-MSCs isolated by the improved explant method with Cellamigo
were differentiated into adipocytes (left panel) and chondrocytes (right panel). In adipocyte-differentiated cells (A), the
accumulation of Oil Red O-stained lipid drops was observed (red droplets; magnification, 200x). For chondrogenic
differentiation, the pellet culture system was used. (B, C) The elastic firm pellet was observed in the differentiation medium
after 3 weeks of culture (magnification 40 X ). Hematoxylin—eosin staining and toluidine blue staining revealed the presence
of extracellular matrix with metachromasia in histological sections (C, D: magnification of 40x and 100X, respectively).
Color images available online at www.liebertpub.com/tec

- 88 -



IMPROVED EXPLANT METHOD FOR ISOLATION OF UMBILICAL CORD-DERIVED MSCs 5

medium, we observed the accumulation of Oil Red O-
stained lipid drops in UC-MSCs (Fig. 4A). The pellet cul-
ture system was used to evaluate the differentiation of cells
in the chondrogenic differentiation medium. Elastic firm
pellets with diameters of 1-3mm were observed in cells
derived from UC-MSCs. HE staining and Toluidine blue
staining revealed the presence of an extracellular matrix
with metachromasia in histological sections of cells grown
in the chondrogenic induction medium (Fig. 4B-D).

Discussion

The human UC is a promising source of MSCs because
the UC is considered a medical waste and the collection
procedure is a noninvasive process; access to UC-MSCs is
not encumbered with ethical challenges. Several protocols
and culture methods have been developed for the isolation
of MSCs from various compartments of the UC, including
the WJ, veins, arteries, subamnion, and perivascular re-
gions.'> Among the various isolation methods available, two
major methods are commonly used to obtain MSCs from the
UC: the explant method and the enzyme digestion method.
We previously reported that there were no significant dif-
ferences in the number of MSCs isolated from the UC when
using the collagenase and explant methods on day 21,'® and
no differences in MSC ghenotypes derived from W1J, veins, or
arteries were observed.” When using the explant method, it is
critical that the UC tissue fragments tightly adhere to the
plastic plate to obtain MSCs consistently and efficiently. This
is because MSCs can only migrate from the adherent UC
tissue fragments and not from floating fragments. In fact, we
demonstrated that only the adherent part of the cells in UC
tissues showed positive CD105 expression. However, we
could not clarify whether the CD105" cells migrated from
the vessels, perivascular region, or intra-WJ. The exact origin
of CD105" cells has not been elucidated, but we clearly
demonstrated that the MSCs could be obtained from various
compartments of the UC, including the WI, veins, arteries,
UC lining, and subamnion, and perivascular regions.w'”‘

We therefore developed a stainless steel mesh with 1-mm-
diameter pinholes (Cellamigo) to enable the UC tissue frag-
ments to adhere to the plastic plate. With this method, we could
still observe the migrating cells from the fragments under the
microscope through the pinhole windows. Moreover, the use
of Cellamigo accelerated the rate of UC-MSC migration, re-
sulting in a significant increase in the number of MSCs isolated
with a reduced processing and incubation time.

Cellamigo is made of stainless steel and therefore auto-
clavable; no evidence of bacterial contamination was found
during culture (data not shown). The diameter of the Cel-
lamigo plate was adjusted to match that of the conventional
culture dish and different sized plates and pinholes are
available. The phenotypic characteristics of the UC-MSCs
obtained with and without Cellamigo were similar. As
previously reported, UC-MSCs have immunosuppressive
ability.’>'® In this study, we demonstrated that the UC-
MSCs obtained with Cellamigo showed immunosuppressive
ability in the MLR even when used as an autologous and a
third-party donor. The MSCs obtained also showed differ-
entiation ability into both adipocytes and chondrocytes.

Conclusively, our results demonstrate that Cellamigo is
useful for explant culture for the isolation of UC-MSCs. In

addition, Cellamigo might be applicable for isolating other
cell types using the same explant method. The isolation of
UC-MSCs with the proposed improved explant method is
simple and feasible for clinical use and should facilitate the
use of UC-MSCs as an alternative MSC source for immu-
notherapy and regenerative medicine.
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ABSTRACT (249/250WORDS)

Background: Human umbilical cord (UC) has become a notable source for mesenchymal
stromal cells (MSCs) that can migrate to areas of inflammation and damaged tissue, and can
suppress excess immune reactions and to repair, respectively. Although UC is a solid tissue,
there are several advantages including repeatable uses from the same donor sample when
needed, and the possibility of future explorations for cells with unknown potential, if we could
cryopreserve the UC as a living tissue material. However, since the cryoprotectants in the
previous reports included animal- or allogeneic human-derived serum, or no serum, the
frozen-thawed UC-MSCs were inferior to fresh UC-MSCs in cell proliferation. The object of
this study was to find a suitable cryopreservation method of UC for clinical use.

Methods: The UC was cut in cross-section and incised longitudinally, immersed in the
cryoprotectant and frozen slowly. Later, it was thawed and minced rapidly, and the fragments
of UC were cultured by improved explant method.

Results: The highest yield of cells was obtained from frozen-thawed UC with serum- and
xeno-free cryoprotectant, STEM-CELLBANKER®, when compared with others. The cells
derived from frozen-thawed UC stored in STEM-CELLBANKER® expressed the phenotypes

of MSCs, retained the immunosuppressive properties in allogeneic mixed lymphocyte

URL: hitp://mc.manuscriptcentral.com/cytotherapy E-mail: cytotherapy@belisouth.net
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reactions and the differentiation potentials (into adipocyte and chondrocytes) comparable to
those derived from fresh UC.

Discussion: UC can be cryopreserved in serum- and xeno-free cryoprotectant as a living
tissue while keeping its growth and functions equivalent to fresh UC. Our method is simple

and feasible for clinical use.

Key words: Cryopreservation; umbilical cord; mesenchymal stromal cell;

immunosuppression

Highlights:
e Human umbilical cord (UC) is a rich source for mesenchymal stromal cells (MSCs).
¢ Umbilical cord tissue can be cryopreserved for subsequent use.
o Storage in STEM-CELLBANKER ® yields highest number of MSCs.

e Frozen UC-derived MSCs are similar to freshly derived MSCs in growth and functions.

Abbreviations:

UC, umbilical cord

MSCs, mesenchymal stromal cell
BM, bone marrow

CB, cord blood

DMSO, dimethyl sulfoxide

Xeno-free, xenogeneic animal origin reagents-free

3

-94 -



Cytotherapy

CFSE, carboxyfluorescein diacetate, succinimidyl ester
DC, dendritic cell

GVHD, graft versus host disease
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