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Cell sheets engineering for esophageal regenerative medicine
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Abstract: Recently, cell-based therapies, regenerative medicine, and tissue engineering have been progressing 

rapidly. We have developed a novel strategy for regenerative medicine to recover tissue functions using 

temperature-responsive cell culture surfaces. To overcome of conventional methods such as the usage of single-

cell suspension injection, we have applied transplantable cell sheets fabricated with temperature-responsive culture 

surfaces for cell delivery. In the field of gastroenterology, transplantable cell sheets from autologous oral mucosal 

epithelial cells can prevent esophageal stricture following extensive endoscopic mucosal resection.

Keywords: Cell sheet; cell sheet engineering; temperature responsive polymer; regenerative medicine; clinical 

research; stricture

Submitted Mar 10, 2014. Accepted for publication Mar 20, 2014.

doi: 10.3978/j.issn.2305-5839.2014.03.06

Scan to your mobile device or view this article at: http://www.atmjournal.org/article/view/3537/4381

Tissue engineering using cell sheet

Regeneration of tissues and organs offers an innovative 
approach to the treatment of injury and disease with 
substituted artificial organs and organ transplantations. 
The term ‘‘tissue engineering’’ was first utilized in the late 
1980s, the use of cultured cells as a therapeutic modality was 
initiated by Howard Green and associates, who transplanted 
cultured sheets of autologous epidermis to patients resulting 
from severe burns, giant congenital nevi, and skin ulcers. The 
key technology is the use of biodegradable polymer scaffolds, 
preformed in the target tissue shape, for seeding cells, as 
demonstrated in the well-publicized reconstruction of 
cartilage tissues for the growth of human ears on mouse back. 
Since the mid-1990s, significant progress from basic science 
has resulted in clinical applications of tissue engineering 
for the replacement of a variety of tissues and organs. An 
innovative approach to tissue engineering using a thermo-
responsive culture surface has been developed from 1990s (1).  
Poly (N-isopropylacrylamide) (PIPAAm) exhibits a lower 
critical solution temperature (LCST) in aqueous media at the 
vicinity of 32 ℃. While they hydrate and form an expanded 
structure in an aqueous media below the LCST, they 
dehydrate and form a compact structure above the LCST. 

Such a conformational change in response to temperature 
has been extensively used to modulate the physicochemical 
propert ies  of  polymeric  th in  surfaces .  At  37  ℃ ,  
PIPAAm-grafted surface is slightly hydrophobic, allowing 
cells to proliferate under normal conditions and become 
a confluent cell sheet, which is regularly found on usual 
tissue culture polystyrene. A decrease in temperature lower 
than 32 ℃, however, results in the hydration of the polymer 
surface, giving the spontaneous detachment of the cells as 
a monolithic tissue-like cell sheet for less than 1 h without 
any enzymes such as trypsin. Since PIPAAm is covalently 
immobilized onto the culture surfaces, PIPAAm remains 
bound to the surfaces even after cell sheet detachment, 
realizing the non-invasive harvest of cultured cells as an intact 
cell sheet having deposited ECM. This technology allows 
us to transplant cell sheets to host tissues without using 
biodegradable scaffolds. PIPAAm thickness on the order 
of nanometers is necessary for expressing such interesting 
properties as temperature-controlled cell attachment or 
detachment. For example, a PIPAAm layer of approximately 
20 nm is optimal for cell adhesion and detachment properties 
in response to temperature change for a PIPAAm-modified 
tissue culture polystyrene system. Since the PIPAAm-grafted 
surfaces facilitate spontaneous cell detachment, the use of 
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conventional proteolytic enzymes such as dispase, trypsin, 
and collagenase, can be avoided. With noninvasive cell 
harvest, cell-to-cell junction and ECM proteins can therefore 
be maintained (2) (Figure 1).

Numerous cell types including epidermal keratinocytes (3),  
vascular endothelial cells (4), renal epithelial cells, 
periodontal ligaments (5,6), and cardiomyocytes (7,8) have 
shown the maintenance of differentiated functions after 
low-temperature cell sheet harvest, due to the preservation 
of cell surface proteins, such as growth factor receptors, ion 
channels, and cell-to-cell junction proteins. Additionally, due 
to the presence of deposited ECM that is produced during 
in vitro incubation, cell sheets can be easily transplanted 
and attached to the site such as culture dishes and even 
host tissues. To fabricate thick tissues, cell sheets can be 
stacked in layers because cell sheets connect each other in 
a short time. Therefore, cell sheet technology enables us 
to avoid scaffolds, fixation, or sutures which are needed by 
conventional tissue engineering approaches using isolated 
cell injections and scaffold-based technologies, which is the 
limitation of applicability.

Cell sheet regenerative medicine following 
endoscopic submucosal dissection (ESD) for 
esophageal neoplasm

Endoscopic treatments for early esophageal cancer and 
Barrett’s esophagus with high-grade dysplasia have gained 
widespread acceptance as minimally invasive therapies (9). 
In particular, ESD makes it possible to resect superficial 
cancer en block regardless of size and allows for an accurate 
histological assessment for diagnosis. However, severe 
postoperative esophageal stricture is inevitably observed 
when ESD is performed for widespread superficial neoplasms 
that remove a large area of mucosa, i.e., >75% of the 
esophageal lumen (10). Severe esophageal stricture after 
endoscopic treatment is difficult to treat and often requires 
repeated endoscopic balloon dilations (10,11) or a temporary 
stent (12). It has been reported that fibrosis of the submucosa 
and atrophy of the muscularis contribute to esophageal 
stricture following endoscopic treatment (13). Therefore, 
the prevention of esophageal stricture requires intervention 
aimed at reducing mucosal defects, calming inflammation, 
and preventing excess fibrosis. For solving the demand, our 
laboratory has developed a method combining ESD with 
the endoscopic transplantation of autologous oral mucosal 
epithelial cell sheets (14) (Figure 2). The purpose of our 
approach is to cover the surface of mucosal defects to promote 
re-epithelialization and to reconstruct the esophageal luminal 
surface by using cell sheets. Results showed the effectiveness 
of a novel combined endoscopic approach for the potential 
treatment of esophageal cancers that can effectively enhance 
wound healing and possibly prevent postoperative esophageal 
stenosis. In addition, we reported using fabricated autologous 
skin epidermal cell sheet, as another epithelial cell source, 
prevent severe stricture following full-circumferential ESD 
in a porcine model (15) (Figure 3). These transplantable 
epithelial cell sheets are fabricated on temperature-responsive 
culture surfaces, which allow noninvasive harvesting of 
the cell sheets simply by reducing the temperature below  
32 ℃; the fabricated cell sheets retain all of the cell 
membrane proteins and extracellular matrices deposited 
during culture. Therefore, these cell sheets can easily adhere 
to and integrate into transplanted tissue sites within a short 
period. Additionally, the placement of cell sheets into the 
mucosal defect does not require sutures or other adhesives. 
Furthermore, several studies revealed epithelial cell sheets 
can be fabricated with temperature-responsive culture inserts 
without feeder layers (16), which can exclude xenogeneic 
factors for animal-free cell transplantation.

Figure 1 (A) Cell sheet detachment from temperature-responsive 
culture surfaces. Cells attach to hydrophobic culture surface via 
ECM, and connect to each other via cell-to-cell junction proteins; 
(B) when enzymatic digestion is used, cell-to-cell connections and 
ECM are disrupted and cells are released separately; (C) when 
cells are cultured on thermo-responsive culture surfaces, the 
interconnection between ECM and hydrophilic culture surface 
is released only by low temperature. Cell-to-cell connections are 
completely preserved and the cells are detached as a contiguous 
cell sheet. ECM retained underneath the cell sheets works as an 
adhesive agent.
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Based on these animal studies, human autologous oral 
mucosal epithelial cell sheets are fabricated with the UpCell-
Insert technology (17). The first clinical study was esophageal 
regeneration using autologous oral mucosal cell sheets 
following a large-size removal ESD for superficial esophageal 

neoplasms and the results were published in 2012 (18). The 
preliminary results showed that early re-epithelialization 
of the ulcer site and the results suggested its efficacy for 
preventing stricture in case of circumferential ESD (Figure 4). 
Currently, we are preparing for a further randomized study 
to fully assess the potential benefits of regenerative medicine 
using cultured autologous cell sheets therapies.

Conclusions

We described the technology of “Cell Sheet Engineering” 
and its current applications following endoscopic therapy 
for esophageal neoplasm. Cell sheet engineering has already 
been tested in clinical settings for several incurable diseases. 
We believe that methods that can effectively apply cell sheet 
engineering will provide new possibilities in the field of 
regenerative medicine.

Figure 2 Fabricated multilayered oral mucosal cell sheet using 
temperature responsive cell culture insert.

Figure 3 (A) An artificial circumferential mucosal defect (4 cm in 
length); (B) a harvested epidermal cell sheet; (C) the polyvinylidene 
difluoride support membrane with an attached autologous 
epidermal cell sheet was grasped by using endoscopic forceps; (D) 
an epidermal cell sheet that was endoscopically transplanted to the 
center of an ulceration without sutures. [Reprinted with permission 
from (15), Copyright © 2014 Elsevier. All rights reserved].

Figure 4 Autologous oral mucosal epithelial cell sheets on a 
support membrane were transplanted with endoscopic forceps 
onto the bed of the esophageal ulceration immediately after ESD. 
[Reprinted with permission from (18), Copyright © 2014 Elsevier. 
All rights reserved].
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