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Abstract 
 

Microencapsulation is the procedure by which biologically active material is enclosed within 
micro spherical, semi permeable containers of a diameter between 0.2 to 3 mm. The micro-
capsules are usually produced by two-step procedure, in the first step the cells are immobi-
lized within hydro gel micro beads and then the micro beads are covered with semi perme-
able membrane to obtain a microcapsule [1]. The encapsulation system is unique compare to 
other cell-based therapy techniques, because it enables the free exchange of nutrients and 
oxygen between the entrapped cells and their surrounding while preventing the escape and 
elimination of the entrapped cells. The microcapsuls can be injected at the transplantation 
bed, localizing the release of therapeutic factor. This approach avoids systemic side effects 
and increases patient’s compliance [2]. One of its advantages is the use of allogenic (non-
human) cells as alternative source to the limited supply of donor tissue [3]. 
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Introduction 
 
Microencapsulation of islets for transplantation was first 
introduced by Lim and Sun in 1980 using alginate-
polylysine capsules. They have obtained prolonged sur-
vival of islets in vitro and in vivo by using a novel micro-
encapsulation procedure which completely encloses vi-
able islets within a semi permeable membrane. The mi-
crocapsular membrane composed of cross-linked alginate, 
a nontoxic polysaccharide, which is permeable to small 
molecules such as glucose or insulin but totally imperme-
able to large molecules such as immunoglobins or albu-
min [4]. 

 
Alginate-based cell encapsulation 
 
Alginates are a family of unbranched anionic polysaccha-
rides derived from brown algae (phaephyta) which occur 
extra-cellular and intra-cellular at approximately 20% to 
40% of the dry weight. The 1,4-linked α-L-guluronate (G) 
and β-D-mannurante (M) are arranged in homopolymeric 
(GGG blocks and MMM blocks) or hetropolymeric block 

structure (MGM blocks)(5)The G/M ratio determines 
several main properties. Beads made from high G algi-
nates are more stable and therefore more resistant to me-
chanical stress. Beads made of high M alginate bind more 
effectively with PLL, which has two advantages. First, the 
efficient binding at high M alginate with PLL can be used 
to decrease the capsule permeability, there by improving 
the immunoprotective properties of microcapsules.  
 
Second, better PLL binding means less non-bound PLL 
on the outside of the capsules, there by reducing the risk 
of inducing fibrosis by positively charged PLL groups 
that are not well covered by the second alginate layer [5]. 
There are different materials applied for microcapsuls 
production such as polyethylene glycol [6], polyacrylates 
[7], agarose [8] and chitosan [9] but the most widely used 
microcapsules is the alginate-polylysine (PLL) capsule. 
This technique is based on the entrapment of individual 
cells in spherical alginate beads which is subsequently 
coated with a polycation. The PLL layer can be modified, 
which makes it possible to achieve many different grades 
of permeability [10, 11]. 
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Cell encapsulation technique 
 
The encapsulation process starts with the formation of 
cell-containing alginate droplets which are produced by 
forcing alginate and cells to flow through a needle where 
the diameters of the droplets can also be controlled. Then 
the beads are formed by gellfication of the alginate in a 
calcium-rich medium. The beads are then provided with a 
poly-lysine membrane by simple suspending them in a 
poly-L-lysine (PLL) solution. During this step, PLL binds 
to mixed sequences of G and M in the alginate molecules. 
This induces the formation of complexes of the capsule 
surface consisting of alph-helical PLL surrounded by su-
per helically orientated polysaccharide chains. The pres-
ence of these complexes decreases the porosity of the 
capsule. By varying the molecular weight and the concen-
tration of the polylysine and the incubation time we can 
modulate the porosity of the capsule membrane. Then to 
provide biocompatibility, the capsules are suspended in a 
solution of alginate charged polylysine residues still pre-
sent at the capsule surface [12]. 
 
The two main techniques used to produce alginate drop-
lets, either by air-driving technique which regulates air 
flow around the tip of the needle or by producing a high-
voltage pulse around the tip of the needle which is known 
as the high voltage electrostatic pulse system [ 5,13-15] 
 

Several techniques are applied to ensure smaller droplets 
production. The most popular are: coaxial air flow, where 
an air jet surrounding a nozzle increases the force avail-
able to break a hascent drop; vibrating jet breakage, where 
a liquid jet is being broken up into droplets due to a 
nozzle vibrations. Jet-cutter technology, where a jet is cut 
by an aeries of rotating knifes and the electrostatic droplet 
generation, where the reduction of the droplet size us 
caused by applying a high static potential between the 
nozzle and the jellifying bath. 
 
The electrostatic droplet formation is one of the most pre-
cise methods, which enables one to manufacture spherical 
and uniform bead fractions with sizes from 3.0 mm down 
to 0.2 mm. The usage of the impulse voltage generator 
enables one to control and regulate process parameters 
like; the electric voltage V, the impulse frequency ƒ and 
the impulse duration time τ which plays a crucial role in 
the droplet formation. Low efficiency of the electrostatic 
process can be significantly improved by multiplication of 
the nozzles, without any loss of the micro beads quality. 
Where the efficiency of this device could reach 700 ml/h 
in comparison with about 60 ml/h for the single nozzle 
device [16]. 

 
 

             
 

A     B 
 
 
Figure 1 (A). An illustration of a high voltage electrostatic pulse system; (B). unlabeled alginate microcapsule contain-
ing hMSCs 
 
Contrast enhanced capsules 
 
Barnett et al have developed for the first time radio opa-
que capsules that can be used for encapsulated of cells 
and allow real time x-ray guided delivery as well as non-
invasive x-ray follow-up imaging. The authors modified 
the classical alginate/poly-L-lysine/alginate (APA) micro-
encapsulation protocol. They used electrostatic droplet 

generator to encapsulate human islet cells, they also add-
ed barium or bismuth to the inner core layer of high gulu-
ronate alginate (Protanal) that surrounds the islets. The 
outer layer of the APA capsule, made with high man-
nuranate alginate (Keltone), was added without contrast in 
order to avoid any potential inflammatory or toxic reac-
tion induced by the radio opaque contrast agent. They 
have chosen high guluronate alginate for the inner algi-
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nate layer because of its superior strength. For the outer 
layer they chose a high mannuronate alginate as it has 
been shown to be less immunogenic. 
 
In this approach the contrast agent is contained in the cap-
sules and not the cells, therefore avoiding the dilution 
effect of cell division and may also bypass potential toxic-
ity issues that result from direct cell labeling. They have 
demonstrated that these x-Caps can be readily visualized 
at a single capsule level. 
 
Therefore, these capsules deliver cellular therapeutics 
with significant radio opacity to assess cellular position 
[17] 
 
Application 
 
The strategy of cells microencapsulation has been used 
preferentially with the following therapeutic purposes: 1) 
development of bioartificial organs, such as the pancreas, 
2) treatment of classical mendelian disorders caused by an 
enzymatic or gene product deficiency, such as dwarfism, 
hemophilia and Tysosomal-storage disease, 3) Cancer 
eradication, 4) treatment of other disorders, such as de-
generative diseases of the CNS and to reduce urea levels 
in renal failure [18]. 
 
Generally speaking there are two basic areas of medical 
applications of the microencapsulated cells: the first one, 
as very sophisticated drug delivery systems with continu-
ous and controlled release of therapeutic agents. In this 
case the microcapsules could be implanted into body di-
rectly of the target site and could be especially effective 
for treatment of cancer and neurological diseases (e.g. 
Alzheimer’s, Parkinson’s and Huntington’s disease). Sev-
eral approaches have been used to apply the encapsulation 
technology in cancer therapy, such as enhancing the im-
munogenicity of tumor cells and angiogenesis inhibition. 
Another approach used encapsulated cells over-
expressing enzymes that can activate chemotherapeutic 
agents to deliver vaccines as another concept in canver 
therapy where delivery of antibodies by encapsulated 
cells could be an alternative and more cost-effective me-
thod. Studies suggest that microencapsulated stem cells 
may have a much greater potential for heat regeneration 
in comparison to free stem cells. Reports also indicated 
that supplementation of encapsulated angiogenic factors 
can stimulate new blood vessel growth (neuvasculariza-
tion) and restore perfusion in damaged or ischemic myo-
cardium [18].. 
 
In addition, encapsulated cells can also be genetically 
modified to express any desired protein in vivo without 
changes in the patient’s genome. This therapeutic mode 
might allow the quality assessment before implantation 
and eliminates the tedious preparation and formation 
process that is usually associated with the more traditional 

peptide delivery systems. Cell microencapsulation also 
has implications for gene therapy, in that cells can be ge-
netically engineered to secrete a desired genetic product 
prior to this encapsulation. They  are also being explored 
as a therapeutic tool for an in vivo gene therapy approach 
[19]. 
 
The second field of medical application of the microen-
capsulated cells is a replacement or support of organ func-
tions. In this case the microencapsuls could be implanted 
into patients body, for example as a hybrid pancreas or 
could work as a part of extracorporeal devices, for in-
stance as bioreactor with hepatic cells for liver support. 
The microcapsule, which contains living cells, is also 
well-known as, so called “an artificial cell”. Where living 
cells are immobilized inside a spherical matrix, and sur-
rounded by semi permeable membrane. The main task of 
the matrix is a creation of the best possible living condi-
tions for encapsulated cells. The main task of the mem-
brane is immunoisolation of the encapsulated cells from 
the destruction by the immunological system of the host. 
So the membrane has to protect the capsule interior from 
the penetration of antibodies and leukocytes. The micro-
capsules have to ensure free oxygen and nutrients trans-
port from the environment to the capsule interior and a 
reverse transport of metabolites (waste products) and the-
rapeutic substances, produced by the encapsulated cells. 
The matrix and the membrane have to be highly biocom-
patible [16] . 
 
Several approaches have been used to apply the encapsu-
lation technology in cancer therapy, such as enhancing the 
immunogenicity of tumor cells and angiogenesis inhibi-
tion. Another approach used encapsulated cells over-
expressing enzymes that can activate chemotherapeutic 
agents to deliver vaccines as another concept in canver 
therapy where delivery of antibodies by encapsulated 
cells could be an alternative and more cost-effective me-
thod. Microencapsulation has been used as an alternative 
to directly injecting hepatocytes, creating a living cell-
based replacement system [19]. 
 
It was reported that cell encapsulation technique was used 
to engineer cells to provide human cilliary neurotrophic 
factor (CNTF) a factor that is protective of photoreceptor 
cells. They encapsulated the cells in a proprietary capsule. 
They implanted these capsules into one eye of dogs with 
the rcd1 model of canine retinitis pigmentosa. The cap-
sules were in place for seven weeks, early in the life cycle 
of the dog, in which time most 50%of the photoreceptor 
cell degeneration take place. After seven weeks, the eyes 
with the implants showed an increased survival at photo-
receptor cells, compared with the untreated cells [20]. 
 
Encapsulation of Phenylananine hydroxylase (PAH) ex-
pressing cells is a potential new therapy for maternal Phe-
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nylketonuria (PKU) a disease causes congenital malfor-
mation and mental retardation in children[ 21]. 
Studies confirmed in vitro hMSC were able to differenti-
ate along the chondrogenic lineage when encapsulated in 
Ca-alginate microcapsules and stimulated with TGF-β3. 
Other studies done by Peak et al used the approach based 
on genetically engineered cells to release growth factors 
for cartilage regeneration [18] 
Successful studies employing immobilized primary cells 
include the extracorporeal immunoisolation of hepato-
cytes and the manroencapsulation of adrenal cells for the 
treatment of chronic pain and allotransplantation of mi-
croencapsulated parathyroid tissue. 
 
 
Challenges and causes of graft failure 
 
One of the technique challenges involves the production 
of uniform capsules with excellent repeatability and re-
producibility both within and between batches. The adop-
tion of automated machines for microencapsulation could 
result in improved reproducibility in terms of shape, size 
and morphology. 
 
The choice of transplantation site is another important 
consideration. It is necessary to weigh  issues such as the 
safety and possibility of re-transplantation (peritoneal 
cavity, subcutaneous transplantation) against proximity to 
the circulation (intrahepatic transplantation or membranes 
supporting vascularization) [ 22]. 
 
In general causes of microencapsulation graft failure can 
be summarized in; 1) lack of biocompatibility, 2) incom-
plete immunoprotection, 3) limited supply of oxygen 
which leads to hypoxia.  
 
Bioincompatibility of the capsules can be improved by; 1) 
increasing purity of the alginate, 2) reducing capsules 
diameter from 800 to 500 µm, 3) the composition of algi-
nate. Alginates are composed of mannuronic acid (M) and 
guluronic acid (G). The biocompatibility was better when 
alginate was used with an intermediate than with a low or 
high G content. Hypoxia leads to dysfunction and loss of 
vitality, it is reported to induce both necrosis and apop-
tosis and the proportion of these two modes depend on the 
cell type, the duration and the severity of the hypoxic 
stress. 

 
Human mesynchemal cell encapsulation 
 
Mesenchymal stem cells are easily isolated from adult 
bone marrow, adipose tissue, cord blood, placenta and 
umbilical cords, fetal organs such as liver, blood, bone 
marrow and lungs. MSC can be expanded ex vivo with 
out differentiation or maturation and can be modified ge-
netically to express a variety of genes. 

 
MSC are hypo immunogenic, they are poorly recognized 
by human leukocyte antigen (HLA)-incompatible hosts. 
MSC suppress cytotoxic or helper cells. 
hMSCs can maintain their stem-cell properties in the mi-
crocapsules, at 4 weeks post-encapsulation 80-85% of 
encapsulated hMSCs still express the common mesen-
chymal marker: CD 105, CD 90, CD 29, CD 44. 
Free MSCs can be engineered genetically for cells-based 
therapy of different illnesses including cancer. 
 
Penolazzi et al reported their experience in successfully 
encapsulating Wharton’s Jelly Mesenchymal Stem Cells 
in alginate micro beads where they concluded that algi-
nate does not prevent cell functionality, on the contrary in 
some cases it many promote it. WMJ MSCs have been 
shown to share properties of both bone marrow MSCs and 
embryonic stem cells [23]. 
 
Conclusion 
 
In conclusion from the above studies, Microencapculation 
cells promises a new light for stem cells therapy and 
technique. It is easy to implemented and genetically mod-
ified to express any desired protein in vivo without 
changes in the patient’s genome. It is also can be ex-
panded ex vivo without segregation or maturation. The 
benefits of Microencapculation prevent systemic side ef-
fects and decreases patients’ compliance. It is also de-
creases and limits the use of donor tissue. 
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