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Mesenchymal stem cells (MSCs) are the most
promising stem cells for clinical applications. MSCs
are widely used in disease treatment in some different
countries. Recently, some MSC banks are developed
to cryopreserve MSCs from umbilical cord tissues,
adipose tissues, and bone marrow. This review aims
to discuss some techniques, some advantages, as
well as disadvantages of the umbilical cord, derived
mesenchymal stem cell banking (UCMSCB). From
2010 to date, there are more than 10 UCMSCBs
established in the world. There are two methods to
isolate UCMSCs including tissue culture and single
cell culture. Then they are cryopreserved in the liquid
nitrogen for a long time. Although UCMSCBs can
provide more the choice to store the MSCs from
the umbilical cord, allogeneic MSC transplantation
with high efficacy in disease treatment suggests that
UCMSCBs should change with new approaches to use
the cryopreserved samples.
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1. Introduction
The first transplantation of cord blood was performed in 1988 [1]. Indeed, this is a rich source
of hematopoietic stem cells (HSCs) [2–4]. These cells can be differentiated into some functional
blood cells including red blood cells, white blood, and platelets [5,6]. Therefore, they were used
to treat some diseases related to blood cell disorders or leukemia, lymphoma, anemia as well
as non-malignant hematological disorders [7–9]. These cord blood-derived HSCs transplantation
gave the promising results in some diseases [10–12]. These results triggered the establishment of
many cord blood banks in the over the world [13–15]. In during time, the cord tissue was not
used.

However, about 10 years ago, scientists realized that the umbilical cord is a rich source of
mesenchymal stem cells (MSCs) [16]. MSCs from cord tissues also display some advantages
properties compared to MSCs from adult sources. Different to HSCs that almost used to treat
blood diseases, MSCs can widely be used for various conditions in nearly degenerative diseases
or injuries [17–19]. These results suggested some cord blood banks begin the cord tissue banking
services. It seems that the first cord tissue banking service was introduced within Asia by a
Taiwanese company, HealthBanks Biotech Company Ltd. Then HealthBaby, Cryolife. . . launched
this service. Therefore, Asia is recognized as the region in which cord tissue emerged as a
commercial service.

In 2010, the first cord blood bank in the US (Cord Blood Registry) added cord tissue banking
as a commercial service at this company. To date, 75% of private US cord blood banks offer cord
tissue banking service and about 65% of private international banks providing this service.

This concise review aimed to discuss some achievements and progress of cord tissue banking,
and analysis some progress in allogenic MSC transplantation. These analyses explore the
demands of umbilical cord tissue banking.

2. Cord tissue and stem cells inside cord tissue
Cord tissues were known as a rich source of stem cells, especially MSCs. Although MSCs can be
detected at some different zones in the cord tissues [20–22], the highest concentration of MSCs
was discovered at the perivascular space surrounding the three blood vessels [23]. This is the
results of a study at the University of Pittsburgh published in 2009 that found that 88% of all
MSCs in cord tissues are at perivascular tissue [23]. As in Figure 1, although MSCs can exist at all
sites in cord tissue, MSCs concentrated at the perivascular tissue, while an only small quantity of
MSCs at the membrane of cord tissue.

3. Extraction of cord tissue-derived mesenchymal stem
cells

MSCs can be extracted from cord tissues by two different methods, including tissue expansion
and single cell culture [24–26]. Generally, cord tissue is cut to small fragments, remove the
vascular tissues. Then, they were sometimes washed with PBS or washing buffer before they are
dissected into pieces of 1-2 mm2. Finally, these tiny fragments are used to extract MSCs by tissue
expansion or used to treat with the enzyme (collagenase) to get the single cells, then for unique
cell culture. Both methods are using at various laboratories. Some advantages and disadvantages
were compared and described in some previous publications [27,28].

The most important note in the umbilical cord tissue-derived MSC extraction is the selection
of the cord tissue zone for extraction. Although MSCs can be successfully extracted at all sites
in the cord tissues from the perivascular tissues, Wharton’s jelly, cord tissue membrane [26], the
perivascular tissues are the fatty tissue of MSCs [23]. During cord tissue processing, technicians
should keep the perivascular tissues, and only the vascular tissues should be removed.
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Figure 1. The distribution of mesenchymal stem cells in the cord tissue. MSCs concentrated at perivascular tissues,

and their density gradually decreases to the membrane.

4. Cord tissue-derived mesenchymal stem cell transplantation
Cord tissue-derived MSCs become the popular MSCs for both preclinical and clinical application
in current years. In animals, they were used to treat the variety of diseases including osteoarthritis,
inflammation, diabetes mellitus type 1 and 2. . . In human, many clinical trials using this kind of
stem cells also were performed in some countries included chronic obstructive pulmonary disease
(Viet Nam) [29], lupus (China) [30], heart failure (Chile, China) (31, 32) [31,32], thrombocytopenia
(China) [33], severe aplastic anemia (China) [34] . . . Generally, almost preclinical and clinal trials
showed that cord tissue-derived MSCs are safe in both allogenic (in human) [29,34] and allogeneic
(in animals) [35,36]. These transplantations also significantly improved some symptoms of
various diseases.

5. Cord tissue-derived MSC banks
These promising results of cord tissue-derived MSC transplantation triggered a new service in
some stem cell banks in the US, Asia. To date, there are two forms of cord tissue-derived MSC
banking: (1) banking MSCs extracted and cultured from cord tissue; (2) banking the cord tissues.
That means although as known as stem cell banking services, not all stem cell bank would extract
the stem cells from cord tissue and do cryopreservation. In this case, the cord tissue will be washed
and then cut to tiny fragments before they were mixed in the freezing medium to keep them in
the nitrogen liquid. The most advantage of this strategy is the lowest cost for cryopreservation.
However, the MSCs are not available for treatments. Indeed, the cryopreserved cord tissues
should be thawed and extracted stem cells if clients would like to use their stem cells from the
umbilical cord. In a survey, a half of the companies that store minced cord tissues without isolating
MSCs before storage.

In another strategy, Cryosite developed and patented the technologies to isolate and store the
blood vessels of the umbilical cord. The study showed that the number of viable nucleated cells
isolated from cord tissue was on average 0.44 million/gram compared to 0.17 million cells per
gram from whole cord tissue. In some other companies discovered other techniques to isolate
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and expand stem cells from different regions of umbilical cords such as perivascular space, sub-
amniotic space. . . [26].

6. Perspectives and Conclusions
From the 2000s, allogeneic MSC transplantation becomes the popular therapy for almost
diseases [18,19]. The successes of allogeneic transplantation opened the new generation of the
stem cells based products – the off-the-shelf products of stem cells. Different from hematopoietic
stem cells, MSCs display low immunogenicity that they can survive in the allogenic hosts for the
long time [37–39]. Moreover, allogeneic stem cells for transplantation also hold other advantages
such as easy to control the stem cell quality, be able to scale-up the production that the cost can be
significantly decreased. . . With these characteristics, MSCs were successfully transplanted in both
animals and humans in various diseases [18,19].

We would like to discuss the demand of umbilical cord-derived MSCs banking in the context
of allogeneic stem cells plays many advantages compared to autologous stem cells. The main, as
well as the only target of umbilical cord-derived MSCs banking, is for autologous transplantation
for the same patients. However, different to HSCs, allogeneic MSCs also were used to transplant
in the patients. And in some reports, the allogenic MSCs gave the better effects on the recipients.
It means that the source of autologous umbilical cord-derived MSCs is not essential for the
treatments. With the off-the-shelf stem cell technologies, with a sample of the umbilical cord,
MSCs can be isolated, generated and used in procedures of some thousands of patients. And by
this statement, the cord tissue-derived MSCs banking is genuinely not an essential work.

7. Open Access
This article is distributed under the terms of the Creative Commons Attribution License
(CCBY4.0) which permits any use, distribution, and reproduction in any medium, provided the
original author(s) and the source are credited.
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