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ABSTRACT 

Currently much attention is paid to the use of stem cells in transplantation. The reason for this 

interest are the characteristic regenerative capabilities of stem cells and their ability to regenerate and 

differentiate. Stem cells are becoming the basic unit in regenerative medicine and are increasingly used 

in transplantation. Currently used innovative methods during cell culture are also a field of activity for 

biotechnology, which deals with the improvement of methods and looks for new applications of stem 

cells. The work aims to familiarize the properties and applications of stem cells and present selected 

techniques for their culture for transplantation. Based on the collected data, it can be concluded that new 

sources of stem cells should be constantly sought. The improve and create new diagnostic tools and 

culture media, as well as construct systems that would allow stem cells to be cultured with right 

orientation. 
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1.  INTRODUCTION 

 

At present, stem cells have become the future of treatment for many diseases. One of the 

fastest growing fields of science that is looking for their new applications is regenerative 

medicine. Actually, a lot of attention is paid to the use of these cells in transplantation because 

of the characteristic attributes, which include, among others: the ability to regenerate and a 

unique predisposition to differentiate into different types of cells. These features contribute to 

the fact that stem cells are the potential to invent a way to treat incurable diseases such as 

diabetes, Parkinson's disease or organ transplantation applications, which unfortunately still 

show very big problems. Today, thanks to the cooperation of doctors and biotechnologists, it 

becomes possible to carry out cell cultures, including organ cultures, which could be used in 

the future for "everyday" treatment. More and more scientists are involved in stem cell research. 

Information is coming in more and more. To date, several articles have been published that 

highlight the role of stem cells during culture, including liver, bladder or trachea. The work 

aims to familiarize the properties and applications of stem cells and present selected techniques 

for their culture for transplantation. Based on the collected data, it can be concluded that new 

sources of stem cells should be constantly sought. Improve and create new diagnostic tools and 

culture media, as well as construct systems that would allow stem cells to be cultured with the 

right orientation. In conclusions based on the analysis of the latest scientific reports, one can 

find suggestions regarding the possibilities of diagnostic interactions and desires related to 

running new farms, which would contribute to improving the quality of life, and in the case of 

transplantation, even saving it. 

 

 

2.  THE CONCEPT OF TRANSPLANTATION AND STEM CELLS 

 

Transplant in medicine is a method of surgical dislocation of: an organ (e.g. kidneys, 

liver, heart) or parts thereof, i.e. tissues (e.g. skin, epidermis, cornea) and cells from one 

organism to another [1]. Stem cells are characterized primarily by ease of division and 

differentiation into different types of cells. These characteristic stem cell abilities and the 

potential they carry allow for the possibility of inventing new methods of treatment of incurable 

diseases, e.g. Parkinson's disease, diabetes or transplantation of e.g. trachea [2] (Fig. 1).  

One of the more commonly used and probably best known types of stem cells are 

hematopoietic stem cells. They form about 0.01% of the bone marrow (this is 1 cell per 25,000 

- 100,000 bone marrow cells). Their appearance shows similarity to medium-sized white blood 

cells. Their transplantation is the merits of all hematopoietic cell transplantation procedures. 

All other components transplanted together with stem cells, e.g. bone marrow, have only 

supportive value. 

Among the HSC, MSC cells are also more specifically distinguished, which are 

considered tissue and classified as "adult" stem cells. Their character is mulitpotent and can be 

formed into various types of skeletal tissue cells, including: chondrocytes (cartilage-building 

cells), osteoblasts (bone-building) and adipocytes (fat). Each of these cells has its own 

characteristic shape, structure and functions [3].  
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There are four basic types of stem cells by potency. These are multipotent, pluripotent, 

totipotent and unipotent cells. Another division is division by origin: embryonic, fetal, adult 

and induced pluripotent stem cells [2, 3]. 

 

 
 

Fig. 1. Potential uses of stem cells [9] 

 

 

3.  HEMATOPOIESIS 

 

Hematopoiesis is hematopoiesis, including all processes involving the formation of blood 

cells and all activities aimed at maintaining homeostasis in the body. All blood cells, i.e. 

erythrocytes, granulocytes, monocytes, lymphocytes and platelets come from differentiation 

and maturation of hematopoietic stem cells (Ziółko). Hematopoiesis is hematopoiesis, 

including all processes involving the formation of blood cells and all activities aimed at 

maintaining homeostasis in the body. All blood cells, i.e. erythrocytes, granulocytes, 

monocytes, lymphocytes and platelets come from differentiation and maturation of 

hematopoietic stem cells [4-5]. 

In adults, the process of hematopoiesis occurs almost exclusively in the bone marrow of 

the vertebrae, sternum, ribs, hip bones and pelvis. As it turned out during research, there is a 

close relationship between the vascular network in the bone marrow and the changing properties 

of the bone marrow, which is caused by, among others change of red marrow to yellow. For 

example, in the femoral bone of a rabbit with yellow marrow, blood circulation was 0.15-0.25 

ml / min / g, while in the red bone marrow 0.9-1.3 ml / min / g. As it turned out, this difference 

reduces the lumen of individual vessels and the area of the entire myeloid vascularization [4-

6]. 
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4.  BONE MARROW - DIVISION AND FUNCTIONS 

 

The bone marrow (Latin medulla ossium) is the primary hematopoietic tissue. It is a 

highly bloody, jelly-spongy, soft substance. Hematopoiesis occurs in it. Its active form is red 

bone marrow. Here begins the process of formation of morphotic elements of the blood, such 

as leukocytes, thrombocytes and leukocytes. This process is hematopoiesis. There are very 

many red blood cells and blood stem cells in this type of bone marrow. The second type of bone 

marrow is yellow bone marrow. It consists of many fat cells. In exceptional states, it can be 

transformed into red marrow so that blood can be produced in the event of a deficit [7]. 

 

 
 

Fig. 2. Bone marrow. Hematopoietic tissue with a normal quantitative ratio of the 

erythropoietic and myelopoietic cell lines. Many erythrophagocytic and lipophagocytic 

macrophages (H & E, original magnification *40) (Maresi et. al. 2013) 

 

 

Depending on the age of man, the bone marrow fills various bones. For children, it fills 

all bones. Over the years, its amount disappears, so in adults it is only found in flat bones 

(sternum, vertebrae, ribs, skull bones, iliac, shoulders and bases of long bones), which is 

reflected in hematopoiesis, because the bone marrow plays in it key role. The total weight of 

the bone marrow in the body of an adult human is about 2.5 kg with a volume of about 5 liters. 

Speaking of bone marrow, it is impossible not to mention the blood that is produced from it in 

the process of hematopoiesis. Characterizing it generally, it is a carrier that spreads throughout 

the body: oxygen, vitamins, nutrients, hormones and other substances necessary for life. Its task 

is also to remove waste products and poisons accumulating in the body. It also affects the 

regulation of heat, and also largely determines the body's defense response, because it contains 

leukocytes that defend against bacteria, viruses, etc. It has many components with individual 
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functions, but the most important are: red blood cells, white blood cells and platelets blood that 

is suspended in a fluid called plasma [8] 

 

 
 

Fig. 3. Long bone cross section 
(http://www.medicalnewstoday.com/articles/285666.php) 

 

 

The bone consists of 3 main parts, which include the periosteum, compact bone, and 

sponge bone (Fig. 3). Blood vessels (nerves) and nerves also run through the long bone. A 

compact bone is otherwise called a compact (cortical) being. It consists of concentrically 

arranged compact bone plates. It forms the outer layer and its porosity is about 6%. A spongy 

creature has a much higher porosity (about 80%), thanks to which it has a much lower density 

than a compact creature. In this structure, the bone plates are arranged loosely, so that the so-

called inter-barrel spaces (trabeculae). It is this structure that is the main substrate forming the 

spatial network and it is responsible for the formation of a spongy creature. Between these 

spaces is the red bone marrow. The specific internal structure of the spongy creature is a 

depreciation, which has become the basic building block of the long bone bases. However, it 

should be remembered that the bone marrow can be located directly in the long bones and in 

their bone marrow cavities.In summary, it can be seen that the bone marrow cells are 

multipotent in nature so that they are used in cell cultures. They serve as natural sources of cells 

that are to be used for transplantation purposes, e.g. in various cases lymphoblastic leukemia or 

multiple myeloma [6-8]. 

 

 

5.  HAEMATOPOIETIC CELL TRANSPLANTS 

 

The first attempts at bone marrow transplantation date back to 1938. This task was 

undertaken by two scientists from the University of Lviv Jan Raszek and Franciszek Groer. 

http://www.medicalnewstoday.com/articles/285666.php
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They gave patients bone marrow as a medicine, but they could not publish the results until 

1945, when World War II ended. Unfortunately, all of their efforts did not bring the expected 

results, but gave hope for the use of bone marrow. It turned out that transplants based on the 

application of stem cells contained in the bone marrow, where they are "produced", may 

become the future of treatment [10, 11]. In Poland, the practical use of stem cells in the 

treatment of (modern) transplants began in 1983 and 1984. Initially, the development of these 

methods of treatment was based only on the fervor of doctors, scarecly in 1992 the Polish 

Ministry of Health began to finance the transplant program. Currently, all types of 

hematopoietic cell transplantation are carried out in Poland [10, 11]. 

There are two divisions of stem cell transplants, by type of donor and by the way the cells 

are harvested. The first division is as follows: 

 Autologous  

  Isogenic 

  Allogenic 

 Xenogenic 

 

 
 

Fig. 4. Autologous hematopoietic progenitor cell transplantation process [16] 
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Transplants due to the method of cell collection according to EBMT are: Auto-SC, ID-

alloa-SCT, MUD-allo-SCT [12]. Autologous transplants (Fig. 2) are characterized in that the 

patient is given his own bone marrow or hematopoietic cells taken directly from the blood. The 

collected cells are then frozen and stored at -196 ºC. While the cells are stored in the patient, 

appropriate therapeutic therapy is used, followed by retransplantation. The main advantages of 

this transplant are the low incidence of complications, i.e. approximately 0.5-5% mortality 

depending on postoperative complications. It is also a safe and widely available treatment [12]. 

Another type is allogeneic transplantation, also known as allotransplantation. Its main 

principle is to give the patient stem cells that come from peripheral blood, bone marrow or 

possibly donor's umbilical cord blood. However, the condition for this is compliance in terms 

of HLA, i.e. the set of proteins responsible for tissue compliance. Unlike the previous type, 

allogeneic transplantation must be supported by pharmacological immunosuppression because 

there is a possibility of rejection. It is caused by the fact that the collected cells are not the 

patient's cells [12]. When the stem cell donor is the identical twin (they have the same genetic 

code). This type of transplant is called isogenic or synergistic. It is characterized by, among 

others that it does not require the use of pharmacological immunosuppression [12]. 

 

 

6.  APPLICATIONS OF HAEMATOPOIETIC STEM CELL TRANSPLANTS IN  

     SPECIFIC PATHOPHYSIOLOGICAL CONDITIONS 

 

There are currently many indications for hematopoietic cell transplantation. We observe 

this thanks to the treatments reported to the EBMT register. On this basis, the main groups of 

indications for bone marrow transplantation were determined - these are indications. 

 routine - occur when the performed operation is part of the treatment being carried out, 

 optional - includes indications in which there are doubts whether transplantation is the 

best procedure. In this case, the procedure will be assigned a clinical trial protocol; the 

procedure is carried out when it is proved that transplantation is the most desirable 

treatment in a given situation, 

 developmental - guidelines are assigned during clinical experiments and cover 

situations where a known surgery is performed but used for a newly known disease 

entity and for a new version of the surgery but for a known disease entity, 

 generally not recommended - it is used when the risk of surgery has an advantage over 

the possible benefits, it is possible to use other types of procedures [13]. 

 

 

7.  STEM CELL CULTURES 

 

Today, many scientific studies are devoted to tissue culture in vitro. Tissue engineering, 

which is the basis of the development of regenerative medicine, is a new interdisciplinary field 

of science. Finding new methods for stem cell culture can contribute to the development of 

transplantation. The use of breeding methods relate primarily to "building" organs. The most 

developed studies concern skin, cartilage and bone culture. However, there are also studies on 

the liver, spinal cord, urethra and urinary tract walls. Stem cells can already be used as a 

treatment for difficult to heal burn wounds and diabetic complications [2]. A lot depends also 

on biotechnology. It is a field that combines many sciences including regenerative medicine. 
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She also tries to obtain and find the best breeding conditions in order to be able to work out the 

expected results. However, the aim of biotechnologists is to develop biodegradable matrices 

that would self-destruct over time. Also, the construction of bioreactors would simplify the 

proliferation of cells that would act as smooth organs until a donor was found. Another 

important aspect is prevail the immune barrier. Destroying this would facilitate 

xenotransplantation, i.e. the use of cells, tissues or even entire organs from other species. 

Transgenic animals may be the way. [14, 16]. 

Establishing cell cultures requires a lot of preparation and effort to design the entire 

culture cycle. Starting from choosing the right type of culture, through appropriate sterilization 

methods, choosing the culture medium, ending with the choice of cell lines that we intend to 

culture. 

 

7. 1. Basic types of cell cultures carried out in biotechnology laboratories 

Cell cultures have many types, but for economic reasons, not all biotechnology 

laboratories are performed. These specialized laboratories carry out such cultures that are 

characterized by rapid multiplication, resistance to mechanical damage and a predisposition for 

the expression of recombinant genes. The only deviation from these rules is the creation of 

methods that would allow cell culture for regenerative medicine, e.g. hepatocyte cultures. 

Most often performed cultures: 

 cultures in suspension in vessels with constant mixing 

 cultures in bioreactors 

 microcarrier cultures. 

 

Suspension cultures 

It is characterized by the production of a large number of cells. Large volume cylinders 

are used for this purpose. The substrate is often a liquid medium in which magnetic stirrers are 

used. The purpose of their application is to maintain adequate aeration and access to adequate 

carbon dioxide resources. The speed at which the agitator moves is 30-100 rpm. The indicated 

range ensures appropriate environmental conditions and does not cause damage to cultured 

cells, but does not allow their attachment to the substrate. The cultures are terminated when the 

cell density is around 1 × 106 cells / ml. The concentration of cells cannot be too high, because 

then there could be a process of apoptosis [17]. 

 

Cultures in bioreactors 

Used during mass cell proliferation. Bioreactors are highly specialized devices. The basic 

components include: a culture vessel, mixing and cooling systems, as well as foam 

extinguishing, sampling and control-measuring systems. Each part is divided into special, made 

parts with plastic membranes. Their arrangement allows separation of the breeding part with 

media from purified culture products. Depending on the needs of a given laboratory, bioreactors 

have different capacities from 0.1 m3 to even 10,000 m3. Also types can be matched depending 

on the solid to liquid substrate used. There are different types of bioreactors, thanks to which it 

is possible to carry out cultures in solid media, submerged cultures and with immobilized 

biological material (e.g. in the case of organ culture) [22]. 
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Fig. 5. Schematic of the PolyhHb reactor vessel. This figure shows the glass bottle bench 

scale polymerization reactor used in our process to synthesize both the tense and  

relaxed state PolyhHb [17]. 

 

 

Microcarrier cultures 

This is a growth of cells in a small volume. The cells multiply on the balls obtained, 

among others from such substances as: gelatin, polyethylene, collagen, glass, cellulose or 

silicone. The balls are characterized by high porosity, thanks to which a larger surface of cell 

multiplication is obtained, and the medium has the ability to penetrate inside the ball. These are 

cultures in suspension and in flow systems. About 20-50 times greater cell volume is obtained 

than in other cultures [22]. 
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7. 2. Sterilization 

Sterilization is all activities that contribute to the killing and removal of those present in 

the laboratory and in all raw materials used during the cultivation of microorganisms. The most 

important of these are antiseptics and disinfection. Despite the fact that many procedures are 

performed on disposable equipment, glass equipment is used because it has been proven to be 

better in terms of creating an appropriate environment for cell cultures [23]. Disinfection 

techniques include the removal of all forms of vegetative microorganisms as well as inhibiting 

their development and weakening their virulence. During all disinfection procedures, particular 

attention should be paid to the concentration of the disinfectant, ambient humidity, pH and the 

presence of organic substances. Disinfection is carried out in three main ways: physical, 

chemical and combined methods - physico-chemical. Using physical methods, you can use 

temperature or non-thermal methods, i.e. filtration, UV radiation. The chemical method is the 

use of many chemicals that damage cell membranes, nucleic acids and lead to aggregation of 

proteins. The physico-chemical method, in turn, is a combination of physical methods (e.g. the 

use of hot air) and disinfectants [22].  

Sterilization sterilizes all tools and equipment in direct contact during breeding. Due to 

the material that is sterilized, one of the following methods is [22, 23]: 

 autoclave sterilization, 

 dry sterilization (using hot air) 

 radiation sterilization (gamma radiation) 

 sterilization with UV radiation (photochemical action) 

 sterilization with chemical compounds (e.g. ethylene oxide, formaldehyde vapors) 

 plasma sterilization (hydrogen peroxide solution and gas plasma) 

 

7. 3. Media in cell cultures 

A properly selected culture medium (medium) is one of the key assumptions for breeding. 

Thanks to the medium, the cells can grow and multiply. Good medium should resemble the 

natural environment of cells. The basic ingredients that each medium must contain are sugars, 

amino acids, vitamins, minerals, hormonal substances and all the elements that are produced by 

the stromal cells of the source tissue [18-24]. 

Today, many types of media are used. Research shows that the best results are shown by 

media [23]: 

 MEM (minimal essential medium) or EMEM (Eagle’s minimal essential medium) 

 DMEM (Dulbecco’s modified Eagle’s medium) 

 RPMI-1640 

 Ham’s Nutrient Mixture 

 

 

8.  INNOVATIVE TECHNIQUES AND METHODS IN STEM CELL CULTURES  

     FOR TRANSPLANTATION 

 

Transplantation, regenerative medicine and biotechnology are relatively new domains of 

science that are developing very rapidly. Currently, these three department of science, working 

closely together, are looking for new techniques that would allow more people around the world 
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to reach full fitness without being forced to wait for a transplant. These are the reasons scientists 

are trying to come up with such stem cell culture methods and organs that would serve for 

transplantation purposes. Such methods include attempts to grow the liver and human ear. In 

the United States in Yoklaham under the leadership of prof. Takanoreigo studies are carried out 

to grow the liver in laboratory conditions. According to reports, they have managed to grow a 

half-centimeter liver embryo to date. It was created from scratch in the laboratory. Researchers 

used pluripotent induced cells that have the ability to transform into any of the body's cells, 

provided they have optimal growth conditions. The team of prof. Takanoreigo managed to 

create the conditions in which these cells transformed into liver cell precursors. Another success 

was implanting the obtained ovules into mice, because they began to develop and form a 

network of blood vessels, which after some time merged with mouse vessels and simultaneously 

implanted ovules assumed the function of ordinary liver [25]. 

 

 
 

Fig. 6. Generation of human liver buds from human iPSCs.  

a – schematic representation of our strategy. b – self-organization of three-dimensional human 

iPSC-LBs in co-cultures of human iPSC-HEs with HUVECs and human MSCs (see also 

Supplementary Video 1). The time-lapse fluorescence imaging of human iPSCHEs is shown 

here. Scale bar, 5 mm [25] 

 

 

Ear culture is also being researched. The team led by prof. Thomas Cervantes of 

Massachusetts bred an ear that was formed from sheep and cow cells. They placed cells 

obtained from these two species of animals on a titanium scaffold, which shape reflected the 

structure of the human ear. After providing the cells with the right conditions, they began to 

grow and multiply. The grown ovule embryo was implanted on a genetically modified rat (the 

animal was deprived of the immune system). The rat was cultured for a further 12 weeks. After 

this time, the scientists received an ear that corresponded in size to the human auricle. 

According to scientists, research and experience may last a minimum of 5 years, however, the 

results obtained are very satisfactory [26]. 
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Fig. 7. Gross appearance of the engineered ear with embedded wire framework implanted 

subcutaneously in a nude rat for 12 weeks (a) before and (b) after explant. (c) Gross image of 

explanted engineered ear without an embedded wire framework. (d) The explanted engineered 

ear with wire framework maintained its shape and could be elastically deformed [26] 

 

 

9.  CONCLUSIONS 

 

Transplantation is one of the younger fields of science that is developing very quickly. 

Uses the help of other fields of science, including biotechnology. Due to the constant shortage 

of organ donors, research on stem cell culture is very important. It is very important to 

characterize and learn about their natural environment so that they can then be fully reflected 

in laboratory conditions. The main task of biotechnologists is to create and make available tools 

enabling doctors to acquire organs in an innovative way. This also involves creating media that 

allows cells to grow and produce compounds easily. 

Based on the analyzes and considerations carried out, the following conclusions can be 

drawn: 

1) Search for new sources of stem cells that could be cultured in vitro and used for 

transplantation 

2) Creating new methods and tools used by regenerative medicine 

3) Developing innovative diagnostic methods that will allow faster diagnosis and 

increased chances of recovery 

4) Creating innovative systems enabling stem cell culture and directing their growth 

5) Preparation of techniques enabling prevention of transplant rejection - facilitation of 

transplant treatment. 
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