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INTRODUCTION

Recent years have seen progress in isolation and ex-

pansion of mesenchymal cells (MSCs) from human

umbilical cord tissue, namely the Wharton’s jelly. Si-

tuated between the subamnion and the perivascular

zone that surrounds the blood vessels (Troyer & Weiss,

2008), Wharton’s jelly is a matrix of mucous connec-

tive tissue, composed of fibroblast-like stromal cells,

collagen fibers and proteoglycans, mainly hyaluronic

acid (Can & Karahuseyinoglou, 2007). Several stud-

ies have demonstrated the proliferative capacity and

multipotentiality of these stromal cells; they were

shown to differentiate into a neural phenotype in vit-
ro (Mitchell et al., 2003; Ma et al., 2005; Yang et al.,
2005; Lu et al., 2006; Ma et al., 2006; Karahuseyino-

glou et al., 2007) and into chondrocytes (Wang et al.,
2004; Karahuseyinoglou et al., 2007), osteocytes (Wang

et al., 2004; Sarugaser et al., 2005; Conconi et al.,
2006; Karahuseyinoglou et al., 2007), cardiomyocytes

(Wang et al., 2004), skeletal myocytes (Conconi et al.,
2006), adipocytes (Conconi et al., 2006; Lu et al., 2006;
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Karahuseyinoglou et al., 2007) and hepatocytes (An-

zalone et al., 2010). In vivo studies indicated that the-

se cells can differentiate to dopamine neurons (Fu et
al., 2006; Weiss et al., 2006), to mature islet-like clus-

ters with insulin-producing ability (Chao et al., 2008),

and are able to rescue photoreceptors (Lund et al.,
2007). Increasing interest is now based on their he-

matopoiesis-supportive function by means of long-

term culture with cord blood hematopoietic stem

cells or co-transplantation (Lu et al., 2006; Bakhshi et
al., 2008). The mechanisms by which mesenchymal

stem cells escape allogeneic rejection have already

been discussed (Ryan et al., 2005), while the immuno-

logical features of Wharton’s jelly stromal cells are

now being stressed (Cho et al., 2008; La Rocca et al.,
2009a, b). 

Studies demonstrating the multipotential capaci-

ty of Wharton’s jelly stromal cells have employed var-

ious isolation, expansion and characterisation tech-

niques. Cells can be isolated either by enzymatic di-

gestion of umbilical cord tissue or by culture expan-

sion of small pieces of tissue, known as the explant

method. Various culture conditions have also been

used for their in vitro expansion; their growth condi-

tions are poorly characterised (Troyer & Weiss, 2008).

However, attempts on the large-scale production of

bone marrow MSCs (Sotiropoulou et al., 2007), ex-

pansion of marrow MSCs in animal serum-free medi-

um (Lange et al., 2007), the oxygen effects on MSCs

cultures (Moussavi-Harami et al., 2004), as well as,

the effect of various culture media on the expansion

of Wharton’s jelly explants (Friedman et al., 2007),

have already been documented. Characterisation of

these cells is usually performed by immunophenotype

analysis in flow cytometry, while fluorescence-acti-

vated cell sorting can be used to sort the desired cell

population (Zohar et al., 1997). Freezing and thawing

of Wharton’s jelly stromal cells have already been de-

scribed (Sarugaser et al., 2005; Weiss et al., 2006), al-

though characterisation of primary isolates following

expansion before and after thawing is not documented.

In view of the potential therapeutic applications

of Wharton’s jelly stromal cells, we report a fast and

efficient isolation and cryopreservation method that

ensures its practical use by both research laboratories

and clinical practice. The objective of this study is to

isolate and cryopreserve large numbers of MSCs that

remain viable and retain all their mesenchymal char-

acters post-thaw, as can be determined by flow cyto-

metry and appropriate markers. 

MATERIALS AND METHODS

Collection of human umbilical cords

Sixty-seven fresh human umbilical cords were ob-

tained from consenting parents. Immediately after

delivery, samples were transferred to sterile contain-

ers in Hank’s Balanced Salt solution (Biochrom AG)

supplemented with 100 U penicillin / streptomycin

(100 Ìg ml–1 penicillin and 100 Ìg ml–1 streptomycin,

Biochrom AG) at 4ÆC and stored for 1-24 hrs before

tissue processing. 

Isolation, culture and cryopreservation

Under sterile conditions, the cord was disinfected in

Betadine solution (Lavipharm Hellas) followed by

100% ethanol wash and cleared off in normal saline.

Using sterile scalpel and forceps the cord was dissect-

ed and unfolded and the exposed arteries and vein

were removed and discarded. The tissue was washed

free of contaminating blood with normal saline through-

out the process and cut into 2-5 mm3 pieces with a

scalpel. The pieces were immersed in an enzymatic

cocktail comprising 4 mg ml–1 Collagenase Type I

(Gibco) and 1 mg ml–1 Hyaluronidase (Applichem)

and incubated for 1 hr at 37ÆC with gentle agitation,

followed by the addition of 2.5% Trypsin (Biochrom

AG) and a further 30 minutes incubation under the

same conditions. The digested suspension was dilut-

ed 1:2 with PBS (Biochrom AG) to reduce the vis-

cosity of the suspension and passed through a 70 Ìm

nylon mesh (cell strainer BD FalconTM; BD Bioscien-

ces, Bedford, MA, USA) to obtain a single-cell sus-

pension. Cells were centrifuged at 500 g for 15 min-

utes at 37ÆC and the pellet was resuspended in a me-

dium containing 25% human albumin (12.5 g per 50

ml; Bayer), HES 200/0.5 (HEAS-steril 10%, Frese-

nius Kabi, Deutschland GmBH, Germany) and citra-

te-phosphate-dextrose-adenine anticoagulant (CPD-

A). Viable cells were counted using a trypan blue dye

exclusion assay on a Neubauer Hemocytometer. 

A small portion of the suspension was used for

culture in uncoated 6-well plates (CELLSTAR) at an

initial plating density that ranged from 1.7 to 9.4×103

cells cm–2. Cells were grown in complete culture me-

dium (CCM) composed of Dulbecco’s modified Ea-

gle’s medium, low glucose with 2 mM L-glutamine

(Biochrom AG), supplemented with 20% fetal bovine

serum (Biochrom AG), 100 U penicillin/streptomycin

and 50 mg ml–1 ascorbic acid (Applichem). Cultures

were maintained at 37ÆC in a humidified atmosphere
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containing 5% CO2. Non-adherent cells were remov-

ed after 24 hrs by a first change of medium, followed

by subsequent changes every 2-3 days. To assess MSC

marker expression and morphology over six passages,

three samples were passaged in T25 and T75 flasks

(CELLSTAR) at a constant plating density of 1×103

cells cm–2. 

For cryopreservation purposes, the suspension

was diluted 1:2 in a freezing medium containing 20%

dimethyl sulfoxide (DMSO) (Applichem), human al-

bumin (25%), HES 200/0.5 and CPD-A. The freezing

medium was added slowly at a rate of 1 ml min–1 with

continuous gentle stirring, to aid a better uptake of

DMSO. The cell suspension was transferred in cryo-

tubes (Nalge Nunc International, Rochester, NY,

USA) covered with cryoflex (Nalge Nunc Internatio-

nal), which were gradually frozen to –80ÆC overnight

in a Mr Frosty freezing container (Nalgene Labware)

filled with fresh isopropanol and then transferred per-

manently to –196ÆC liquid nitrogen. 

Flow cytometry

On reaching 80-100% confluence, cells were rinsed

three times in PBS (preheated at 37ÆC) and detached

from the plastic with 0.05% Trypsin at 37ÆC for 3-7

minutes or until 90-100% of cells were floated. Tryp-

sin was inactivated with fresh medium and the cell su-

spension was centrifuged at 500 g for 6 minutes. The

pellet was resuspended in culture media and the vi-

able cells counted by Trypan blue staining on a hemo-

cytometer. Cells were stained with phycoerythrin

(PE)-conjugated antibody against CD105, fluorescein

isothiocyanate (FITC)-conjugated antibody against

CD29 and phycoerythrin-cyanin 5 (PC5)-conjugated

antibody against CD90. Non-viable cells were stained

with 7-amino-actinomycin D (7-AAD). Phycoerythrin-

cyanin 5 (PC5)-conjugated antibody against CD45

was also used as a negative hematopoietic marker in

30 of the 67 samples. Matched isotype antibodies for

FITC, PE and PC5 served as controls. Cells were in-

cubated for 20 minutes at room temperature, in the

dark, and analysed in a Beckman-Coulter FC500 flow

cytometer (Beckman-Coulter, Miami, FL, USA). Flow

cytometry was also utilised immediately after cell iso-

lation (n=5) to assess viability by 7-AAD staining.

Post-thaw

Cells removed from liquid nitrogen and rapidly thawed

by shaking in a 45ÆC water bath, until a small particle

of ice was still visible and transferred in CCM pre-

heated at 37ÆC. Post-thaw viability was evaluated, in

nine samples, by 7-AAD staining in the flow cytome-

ter. Five of these samples were also culture expanded

and further characterised by flow cytometry at the

first passage. Plating density ranged from 6.3 to 21×
103 cells cm–2.

Explants

Five of the cord samples were also tested with the ex-

plant method, in terms of culturing, freezing and thaw-

ing small pieces of Wharton’s jelly. Briefly, the cord

was disinfected, blood vessels removed and tissue cut

into pieces as described above. A small part (10-15

pieces) was directly cultured in a well of a 6-well pla-

te, under the same conditions used for the enzymatic

method. The plate was left undisturbed for 3-5 days

until the first change of medium and changed every 2-

3 days thereafter. The remaining pieces were diluted

in the same freezing medium as for the enzymatic me-

thod (reaching a final concentration of 10% DMSO)

and transferred in cryotubes for the freezing process.

Explants were rapidly thawed as described above and

culture expanded as before cryopreservation.

Bacteriology

Aerobic and anaerobic bacteria contamination was

tested on the supernatant following centrifugation of

the cells and before cryopreservation, using the Ba-

ctec (Beckton Dickinson, Mountain View, CA, USA)

or Bact /ALERT (Biomerieux) systems. Cell cultures

were also checked for bacterial and fungi infection

under the microscope.

RESULTS

Isolation and culture

Mesenchymal cells were isolated from 67 umbilical

cords and counted on a Neubauer Hemocytometer.

Cell yield was calculated at 260×103 viable cells per

cm of cord used (range 45-594×103 cm–1 cord). Via-

bility, checked by trypan blue, was 97.6±3.1% (data

not shown). 

Cells started showing homogeneous fibroblast-

like morphology 24 hrs after seeding (Fig. 1). Most

cultures were initiated at a plating density of 5.2×103

cells cm–2, by which cells reached confluence in 14.3

± 7.9 days (Table 1). At this starting density, cells

were expanded 300-fold over six passages (n=3).
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Flow cytometry

The viability of five primary isolates as determined by

7-AAD staining was 98.9 ± 1.1%. At first passage

cells stained positive for CD105 (81.9±17.8%), CD90

(99.4±1.4%) and CD29 (95.5±5.3%) (n=67) and

negative for CD45 (11.1±5.5%) (n=30). Culture vi-

ability by 7-AAD staining was 96±3.6% (Fig. 2) (n=

67). It was also shown that from first to sixth passage

the mean percentage of CD105 dropped in three sam-

ples and was 4.5% (n=3), while there was no drop for

CD90 and CD29 expression (data not shown). After

the second passage all cultured cells were negative for

CD45. The course of MSC marker expression over six

passages is shown in Figure 3. 

FIG. 1. Morphological features of primary cultured cells at

day 1 (A) and 3 (B) following seeding. Cells after the first

passage at day 3 (C) and 7 (D). (Original magnification

×10).

TABLE 1. Time needed by primary cultured cells to reach

confluence in respect to the initial plating density

Plating density Days to Number

(×103 cm–2) confluence of samples

1.7 39 1

2.1 22.7±11.4 4

3.1 26.2±8.3 5

5.2 14.3±7.9 44

6.3 10±3.8 4

7.3 8.8±2.3 6

8.4 11.5±4.9 2

9.4 11 1

FIG. 2. Expression of MSC surface markers by cultured cells at P0 in a representative sample. Matched isotype IgG controls

are shown as non-shaded areas. A minimum of 10000 events was recorded in all cases.
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Post-thaw

Post-thaw viability of primary isolates, by 7-AAD

staining, was 96.9±1.5% (n=9). Expression of MSC

surface markers was evaluated after culture expan-

sion and compared to values obtained before cryop-

reservation (n=5). Post-thaw cultures showed high-

er levels of MSC surface marker expression (Table 2).

These cultures reached confluence in 14±4.4 days,

while the same cultures before cryopreservation need-

ed 10±0.5 days to reach confluence. 

Explant

Five explant cultures were compared morphological-

ly to identical cultures initiated by the enzymatic me-

thod. Explant cultures were shown to form clumps

and colonies with dense centres, some of them were

detached from the plastic (Fig. 4). Confluence was

reached much slower compared to the same enzyma-

tic cultures (25±8.7 days compared to 15±9.9 days,

respectively). Due to clump formation, explant cul-

tures could not be characterised in the flow cytome-

ter. Post-thaw culture expansion of cryopreserved ex-

plants saw no spreading of cells (0 out 5 cultures). 

DISCUSSION

We have reported a detailed enzymatic method whe-

re large number of cells can be efficiently isolated

from the umbilical cord matrix, and cryopreserved on

the same day of the arrival in the laboratory. Cells

were successfully isolated from 100% of samples, in a

rapid procedure relative to the particularity of isolat-

ing tissue embedded cells, as finely commented by

Karahuseyinoglu et al. (2007); the entire isolation and

cryopreservation procedure for a 15 cm cord sample

lasts approximately 3-4 hrs. 

Complete enzymatic degradation of vessel-free

tissue by collagenase and hyaluronidase followed by

trypsin released much higher cell numbers than that

reported previously by a similar enzymatic method

(Weiss et al., 2006). The combination of three enzy-

mes is appropriate to digest the different types of ex-
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FIG. 3. Mean values of percentage expression of MSC mar-

kers of three samples from P0 to P6. Error bars denote stan-

dard deviation.

TABLE 2. Mean±SD of the percentage MSC marker ex-

pression of first passage cultures for 5 samples evaluated be-

fore cryopreservation and post-thaw

Marker
Before cryopreservation Post-thaw 

(%) (%)

CD105 91.7±9.2 98.7±0.9

CD29 97.2±2.3 99±1.4

CD90 99.7±0.2 99.9±0.1

FIG. 4. Culture expansion of explant pieces after 12 days (A) and 26 days (B). (Original magnification ×20

for A and ×10 for B).



tracellular matrix components that Wharton’s jelly

contains. The lack of mechanical chopping of the

cord that increases the interacting surface area of di-

gestion reagents (Can et al., 2007) and the removal of

large pieces of undigested tissue before centrifuga-

tion, used in the Weiss method, could account for the

difference in cell yield. In another study where um-

bilical cords were enzymatically digested, but without

vessel removal, the isolation efficiency was higher,

probably reflecting the inclusion of endothelial, su-

bendothelial and perivascular cells in the counting

(Lu et al., 2006). Removal of vessels could represent

an important reason for the uniform cell morphology

observed in our primary cultures. In previous studies,

enzymatic treatment of the umbilical cord vein en-

dothelium and subendothelium yielded cultures with

numerous small flattened cells with typical endothe-

lial morphology and few fibroblast-like cells, which

nicely contrasts to our observations and gives an idea

of how cultures would appear if vessels were includ-

ed in the isolation (Covas et al., 2003; Romanov et al.,
2003). Since it is known that Wharton’s jelly stromal

cells had greater expansion efficacy and lower dou-

bling times than perivascular cells (Karahyseyinoglou

et al., 2007), and thus they represent a different cell

population, blood vessels along with the perivascular

region of the cord were not included in this isolation

procedure. Perivascular mesenchymal cells stain for

pan-cytokeratin stronger than Wharton’s jelly and do

not differentiate to neuronal cells (Karahuseyinoglou

et al., 2007). These findings indicate that this type of

cells is more differentiated than Wharton’s jelly and

perhaps are originated from the adjacent vascular

cells. Wharton’s jelly is derived from extra-embryonic

or embryonic mesoderm and it is possible that some

stem cell populations continue to exist along with

Wharton’s jelly mesenchymal cells and this is may ex-

plain the multipotentiality of Wharton’s jelly mesen-

chymal cell populations. 

The cord is chopped in small pieces and comple-

tely digested, just to secure a high cell yield. In addi-

tion, the homogeneous cell morphology in our cultu-

res is believed to be shaped by immature and highly

proliferative cells, in contrast to the highly differenti-

ated fibroblasts in the perivascular regions, which for

this reason were discarded along with the vessels (Na-

naev et al., 1997). In addition to the morphological in-

spection of our primary cultures, cell surface marker

expression determined by flow cytometry, was an im-

portant part of this study for characterising the cells.

Upon culture, cells consistently expressed CD105,

CD90 and CD29 at high percentages, but not CD45.

The expression of these markers is one criterion for

defining multipotent mesenchymal stromal cells (Do-

minici et al., 2006). The phenotypic characteristics of

the cells in this study are in agreement with other stu-

dies employing the same mesenchymal stem cell mar-

kers (Wang et al., 2004; Conconi et al., 2006; Fried-

man et al., 2007; Bakhshi et al., 2008). In particular,

expression of CD90 and CD29 showed low variations

between samples, while CD105 expression exhibited

the highest variations between samples, as demon-

strated for the first time herein. After six passages,

CD90 and CD29 expression remained intact, while

CD105 after a temporal drop, followed a rising cour-

se from third passage onwards, reflecting an increase

in cellular attachment, growth and spreading (Guo et
al., 2004a) through the passages. The rising course of

CD105 expression could also indicate that cells were

still expanded in an undifferentiated state, since

CD105 expression levels tend to decrease during dif-

ferentiation of MSCs, isolated from various fetal tis-

sues into adipocytes (Guo et al., 2004b). 

Post-thaw mean viability of primary isolates, ac-

cording to our data, are reported to be higher than

96% (96.9±1.5%) as determined by 7-AAD staining

in flow cytometry. Accordingly, post-thaw cell har-

vesting efficiency was 100% (9 out of 9 cultures). De-

crease in post-thaw viability (52±2.3%) has been re-

ported by Karahuseyinoglou et al. (2007). The serum-

free freezing medium, that had been used to cryopre-

serve our samples, proved to sustain high viability and

cell expansion, in contrast to serum dependent con-

centration, according to Karahuseyinoglou et al.
(2007). In addition, the cells not only retain the mes-

enchymal marker and high proliferative capacity post-

thaw, but they showed a slight increase in marker ex-

pression, compared to pre-cryopreservation primary

cultures. Post-thaw cells showed a fast proliferative

status, which was slower to their pre-cryopreservation

counterparts, but similar to the general mean of 14.3

±7.9 days reached by primary isolates cultured at 5.2

×103 cells cm–2. 

A rapid same-day procedure for obtaining and

cryopreserving Wharton’s jelly mesenchymal cells has

already been proposed using the explant method, by

direct culture of small pieces of umbilical cord, as an

alternative to freezing cells after culture expanded or

primarily isolated native cells (Friedman et al., 2007).

Our attempt is to compare the proliferative capacity

and phenotypic characteristics of primary cultured or

native cells, as well as post-thaw, using both the enzy-
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matic and explant methods. Our preliminary results

indicate that, albeit a faster preparation, the explant

method does not produce an efficient and safe for

clinical use number of MSCs, rendering them impos-

sible to characterise by flow cytometry. Total tissue

cryopreservation ensures the cryopreservation of the

superficial layer of cells. Cryoprotectants, like DMSO,

can not penetrate the total thickness of the tissue and

insert to each cell separately. So the superficial layer

of the cells is cryopreserved safely, but the one under-

neath will die during post-thaw, because of cytoplasm

crystal formation. Cutting the umbilical cord in small

pieces will expose more cells to DMSO and finally

the number of viable cells after post-thaw will be

more. Since a number of superficial cells die during

cutting and the recovering of cells after thawing is

low, a significant, initial cell number for culturing can

not be reached. On the other hand, the explant me-

thod has been used successfully in various differenti-

ation studies (Mitchel et al., 2003; Conconi et al.,
2006), there is not any risk of cellular degradation af-

ter enzymatic treatment, but we can not exclude spon-

taneous differentiation during culture expansion.

Using our protocol we provide a rapid, safe and

efficient method to isolate and cryopreserve MSCs

for current or future clinical use. Primary isolates

herein harbour large number of cells ready to provide

homogeneous cultures, exhibiting a high proliferative

capacity and the phenotypic characteristics of MSCs.

Storage in serum-free freezing medium sustains their

proliferative behaviour and mesenchymal phenotype

post-thaw and benefits their clinical use. To reduce

any possible contamination with viruses or prions,

cells are frozen in an animal serum-free medium,

while primary isolates are monitored for bacterial in-

fection right before cryopreservation. 

Autoimmune (Chao et al., 2008) and neurodegen-

erating diseases (Weiss et al., 2006), cardiac failure

(Noort et al., 2010), bone fractures (Granero-MoltỐ

et al., 2009) and osteoarthritis (Djouad et al., 2009)

are some of the diseases that are proposed to be

treated with MSCs. Further studies are needed to

demonstrate that these cells are actually multipotent

and possess self-renewal property, as mesenchymal

cells do. It is also important to study their differenti-

ation capacity post-thaw and the most effective ther-

apeutic dose following ex vivo expansion, that will es-

tablish MSCs from Wharton’s jelly, as an important

source for cellular therapies. Their ability to differen-

tiate not only to mesoderm tissue origin, make them

valuable for the new era of the Regenerative Medicine.
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