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1. Abstract 

Transplantations carry the risk of complications. Acute rejections by the host mediated by T 

lymphocytes and macrophages which occur days or weeks after transplantation, force the recipient 

to take immune suppressive agents. These immune suppressive agents, which often need to be taken 

lifelong, have many adverse side effects. Furthermore, these drugs are not capable of suppressing 

chronic rejection, which can develop insidiously in the host and causes fibrosis in the graft. If the 

allograft could be made less visible or recognisable for the immune system of the host, the need for 

immune suppressive drugs would be reduced. An already existing example of immune system 

evading tissue is cancer. Cancer can circumvent the immune system in several ways, a number of 

which are described in this thesis. In this study, lessons are drawn from immune evasion strategies of 

cancer, with a view to identifying possible solutions for transplant rejection and alternatives for 

immune suppressive therapy. The results of the study indicate that right now there are no known 

techniques for the incorporation of immune evasive genes or transcription factors in solid organs of 

donor transplants, but that genetic changes can be induced in bioengineered organs which are made 

from scratch. 

 

2. Introduction  

When the first organ transplantations were performed, the biggest hurdle was acute rejection of the 

transplant by the host. One of the immunological causes of transplant rejection, is the host immune 

system not recognising the allograft as ‘self’, but classifying it as ‘non-self’ (Abbas, Lichtman & Pillai, 

2014). Foreign major histocompatibility complexes (MHCs), activation of macrophages and a range of 

other immunological driven rejection pathways all play critical roles in this acute rejection. The only 

solution until this day to overcome acute rejection is immunosuppression. The most frequently used 

immunosuppressive agents are drugs that inhibit or kill T lymphocytes. Since the introduction of 

immunosuppressive agents, the short term success of engraftment of transplants has drastically 

improved (Lodhi, Lamb & Meier-Kriesche, 2011).  

Unfortunately, there are many downsides to immunosuppression. First of all, immunosuppression is 

often administered lifelong which carries a high risk of infections, diabetes, hypertension, 

nephrotoxicity and malignancy (Brandacher, Lee & Schneeberger, 2014). Moreover, following a 

transplantation patients often receive a dose of anti-inflammatory drugs such as corticosteroids, 

which both have short- and long-term side effects. Examples of such side effects are osteoporosis, 

aseptic joint necrosis, adrenal insufficiency and gastrointestinal effects (Buchman, 2011). Another 

problem is that if immunosuppression and corticosteroid treatment is discontinued for some reason, 

acute rejection will take place (Abbas et al., 2014). It should also be noted that the main cause of 

transplant failure today is chronic rejection of allografts (Harper et al., 2016). An acute rejection is 

characterised by injury of the vascular and parenchymal tissue of the graft, mediated by T cells 

macrophages and antibodies. Chronic rejection leads to fibrosis and loss of normal organ structures 

and function. The progress of a chronic rejection develops during several weeks and months and is 

mediated by CD4+ alloantigen specific T cells and macrophages. Chronic rejections are much harder 

to reverse via immunosuppression (Abbas et al., 2014).  
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In the future, a possible alternative for solid immunogenic organ transplants are bioengineered 

organs. By the year 2013, more than 160 patients had received a bioartificial organ (Orlando, Soko & 

Stratta, 2013). All of these organs were simple, hollow organs, such as airways, which were bio-

engineered using autologous stem cells (stem cells originating from the patient). Because of these 

cells being autologous, no immunosuppressants were needed and the organs were accepted by the 

immune system of the recipient. Although big and complex bioengineered organs such as the liver, 

kidney or pancreas have not been transplanted or even engineered yet, according to Orlando et al. 

(2013) it is merely a matter of time before techniques are able to achieve this. Orlando et al. 2013 

refer to several others, mentioning that providing an inexhaustible source of organs for which no 

immunosuppressants are required, is the main goal which bioengineered organs need to achieve. 

The cells which are promising in providing an inexhaustible source of organs are induced pluripotent 

stem cells (iPSCs). However, it is not feasible to make use of low immunogenic autologous iPSCs since 

these cells should be of clinical grade which would pose major logistical issues, according to Orlando 

et al. (2013). Moreover, using autologous iPSCs on wide scale is likely to be prohibited by financial 

aspects (Taylor, Peacock, Chaudhry, Bradley, Bolton, 2012). Taylor et al, 2012 propose an iPSC bank 

with stem cells from donors. In this case, however, immune rejection will become an issue again, 

since the bioengineered organ would be composed of allogenic iPSCs.     

It would be a great step forward if immunosuppression used for transplantation could be scaled 

down, or would no longer be needed. This could be achieved if grafts can be made ‘invisible’ to the 

immune system. A biological example of a tissue in the human body successfully evading the immune 

response is cancer. Cancer can take many forms in the human body. It is known that the human 

immune system is able to eradicate some tumours, mainly by the recognition of tumour antigens in 

the context of MHC 1 molecules by CD8+ cytotoxic T lymphocytes. In other cases, however, due to 

mutations or alterations in cellular pathways (Lengauer, Kinzler & Vogelstein, 1998), cancer cells can 

evade the immune system (Abbas et al., 2014 p388). Transferring knowledge of these processes to 

the field of transplantation immunology and regenerative medicine could prove useful , since these 

specific pathways can perhaps be altered in transplants or artificially made organs mimicking the 

situation in cancer and thus overcome the acute and chronic rejection reactions of the immune 

system.  

In this thesis, three immune reactions associated with allograft rejection – MHC recognition in 

paragraph 3, macrophage activation in paragraph 4 and PD-1 receptor PD-L1 ligand interaction in 

paragraph 5 - will be compared with pathways used by cancers to overcome those specific immune 

reactions. The types of grafts focussed on in this thesis are solid allografts (a graft originated from a 

genetically different individual from the same species) and bioartificial organs. Apart from the 

pathways used by cancer to overcome the above named specific immunological reactions, pathways 

that tumours use to induce immune regulatory responses will be described as well in paragraph 6. 

The research objective of this study is investigating whether immune evasion strategies of cancer can 

provide new insights with regard to possible ways of reducing transplant rejection and thereby the 

need for immune suppressive drugs, using either solid donor organs or artificial ones. Therefore, the 

following research questions will be answered 1) what can we learn from immune evasion 

mechanisms of cancer that evade specific allograft associated immune reactions, 2) what can we 

learn from regulatory responses of the immune system induced by cancers, 3) what are the 

biotechnical options for the insertion of immune evading strategies in a transplant or a bioartificial 

organ. 
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3. Major histocompatibility complex 

MHC recognition in transplant immunology 

As shown in Abbas et al. (2014), the composition of major histocompatibility complex (MHC) 

molecules that are expressed on the surface of the graft cells play a key role in the allogeneic 

immune rejection. MHC molecules are expressed on all cells of the body and have the function of 

presenting peptides of potentially hazardous proteins to the immune system. There are two types of 

MHC, namely MHC 1, which is expressed on all cells of the body and MHC 2 which is expressed on 

certain cells of the immune system. In this thesis, recognition of MHCs on graft cells is of importance, 

so the focus lies on MHC 1. An overview of MHC 1 presentation of peptides by cells is shown in figure 

1. 

  

 

 

 

 

 

 

 

 

 

 

In a healthy body cell, a MHC 1 complex with an embedded peptide matches the CD8+ cytotoxic T 

cell. Then the T cell and its CD8 co-receptor will bind (also shown in figure 1). If the protein is 

mutated or foreign, for example bacterial, an immune reaction follows. Not visualised here is a 

connection between an intracellular adhesion molecule ICAM-1 ligand expressed on the cell surface 

and the LFA-1 integrin expressed on the CD8+ T cell. This connection is also necessary for the 

activation of the T cell (Abbas et al., 2014). 

The composition of MHC molecules is encoded in the HLA genes and differs from person to person. 

The immune system only recognises its own HLA combination as self and will trigger an active 

immune reaction if it does not. A similar MHC composition between two individuals is theoretically 

possible, and does exist in practice, but is very rare. When an individual is due to receive a transplant, 

first and foremost it will be ascertained whether his or her HLA genes correspond mostly with those 

of the potential donor. This will increase the chance of success of the transplantation (Abbas et al., 

2014). Because the HLA match is in many cases not 100% corresponding, an immune reaction will be 

elicited by the host immune system. There are two ways in which the immune system of the host can 

Fig 1 – peptide presentation by MHC 1 to CD8+ T cells. ERAP, endoplasmic reticulum associated peptidase; 

ER, endoplasmic reticulum; β2-m, β2-microglobulin; TAP, transporter associated with antigen processing. 

This figure is taken from Abbas et al., 2014. 
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then recognise foreign MHC molecules as explained in Abbas et al., (2014), namely direct and 

indirect. In case of direct recognition, intact MHC molecules are recognised by the host immune 

system after presentation of donor MHC 1 by donor antigen presenting cells (APC’s) that travel to 

lymph nodes of the host draining the lymphoid fluid from the graft. In this sequence of events, the 

alloantigens are presented without being processed by the recipient APCs. After the activation of the 

T cells, which are now primed against the donor MHC 1, the T cells will travel to the graft and attack 

all the graft cells, since they all express allo-MHC (Abbas et al., 2014). 

As for the indirect recognition of allogeneic MHC, donor MHC molecules are captured and processed 

by host APCs and presented to T cells. This immune reaction is clearly less strong than the direct 

recognition, since MHC molecules are large and polymorphic and therefore different peptides of 

these MHC molecules can be presented as antigens to the T cells. For each presented part of the 

MHC molecule that is recognised as foreign, another T cell is activated (Abbas et al., 2014). There is 

an ongoing debate on which T cells are more important in either the direct or the indirect recognition 

and which of these types of recognition plays a bigger part in the host immune response. Ali et al. 

(2015) found that CD4+ T cells are most important in the indirect pathway.  

MHC downregulation in tumours 

Research by several scholars (Abbas et al., 2014; Garrido et al., 1993; Seliger, Cabrera, Garrido & 

Ferrone 2002; thor Straten & Garrido,2016), has shown that cancers often have downregulated HLA 

expression, and thereby have less MHC molecules expressed on the cell surface. Since tumours can 

present misfolded or mutated proteins which elicit immune responses, this downregulation of MHCs 

is an advantage for the tumour. With less MHC molecules on the tumour cell surface, the antigen 

presentation is downscaled and recognition by the immune system is diminished (Weinberg, 2013). 

The downregulation of MHC molecules is achieved by tumour cells through two mechanisms: either 

via so called ‘soft’, reversible alterations or via the so called ‘hard’, irreversible alterations (Garrido et 

al., 2010). The latter lead to a total loss of MHC 1 expression (Maleno et al., 2011). A total loss of 

MHC 1 expression can be achieved by loss of heterozygosity (LOH) of chromosome 15 which houses 

β2-m (figure 1). Other possibilities are mutations, base pair substitutions and recombination which 

results in the loss of the wild-type (wt) β2-m gene (Seliger et al., 2002).  

The ‘soft’ alterations refer to downregulation of MHC molecules, which are reversible compared to 

loss of MHC expression. A total downregulation of MHC 1 by tumours can be achieved by alternative 

binding of regulatory factors to the MHC 1 heavy chain (Seliger et al., 2002) or via a dysfunction in 

antigen processing constituents like for example TAP (figure 1)(Weinberg, 2013). This leads to 

selective MHC 1 locus downregulation. Another cause for selective downregulation is LOH in the 

MHC region. This works as follows: there are three HLA loci on either short arm of chromosome 6, 

namely HLA-A, HLA-B and HLA-C (Seliger et al., 2002). These three loci are very polymorphic, so there 

are many different amino acid sequences for each locus. As an indication, for the HLA-B locus alone 

there are more than 2500 known alleles (Abbas et al., 2014). The HLA genes are encoded on a 

paternal and a maternal chromosome and every locus represents one single type of MCH expressed 

on the cell surface (see figure 2). So, the HLA-A paternal locus encodes for one single type of MHC 

molecule which is expressed by the cell and the HLA-A maternal locus encodes for a different type of 

MHC molecule. This also applies to HLA-B and HLA-C, which is visualised in figure 2. In conclusion, 

each cell can express six types of MHC class 1. One combination of HLA-A HLA-B and HLA-C on one of 
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Fig 3 - MHC 1 expression with an inhibitory function 

on NK cells. This figure is taken from Abbas et al., 

2014. 

the two chromosomes is called a haplotype. In cancer cells it is possible that only one haplotype is 

seen on the cell surface, due to loss of heterozygosity. If, for example, loss of the maternal strand 

occurs, only the paternal strand remains and selective MHC expression is the result. A second 

mechanism by which cancer cells can selectively downregulate their MHC expression, is via the 

decreased binding of transcriptional factors on HLA regulatory genes.  

 

 

 

 

 

 

 

 

 

 

 

 

MHC downregulation and NK activation 

MHC downregulation comes at a price. An 

attack by natural killer (NK) cells could await the 

tumour cells after the loss of MHC molecules 

(Weinberg, 2013). Natural killer cells are 

repressed in their activity if MHC 1 is present on 

the cell surface (figure 3). In a healthy state, all 

nucleated cells express MHC class one. 

Tumours, and viruses for that matter, 

sometimes downregulate their MHC 1 

expression in order to escape recognition by 

cytotoxic T cells. After loss of MHC 1 on the cell 

surface, NK cells are no longer repressed and 

they can switch to the active state. After 

activation NK cells produce perforin and 

granzymes which will lead to apoptosis of the 

target cell (Abbas et al., 2014).  

NK NK 

Fig 2 – MHC class 1 expression on the cell surface. Paternal and maternal chromosomes 6 are 

visualised in the cell nucleus. As shown, 6 types of MHC class 1 can be expressed by a healthy cell. 
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Tumour cells need to raise their game if they want to avoid being killed by lurking NK cells. 

Sometimes they do; after the right mutations they are able to produce significant amounts of MICA-

like proteins. MICA, when bound to a cell surface, is one of the proteins that can bind to NKG2D 

ligand on a NK cell, which in response detects the connection as a stress signal. As a result, the NK 

cell would normally kill the cell that shows stress signals like MICA. Although tumour cells do produce 

these MICA- like proteins, they do not let all of them bind on their cell surface. This results in MICA 

floating around and binding to NK cells, occluding their NKG2D receptors, without any target cells 

being killed (Weinberg, 2013). These NKG2D receptors are also expressed on T cells (Bauer et al., 

1999). Thus, the creative way in which tumours use MICA blocks two different immune reactions.  

 

4. Macrophages 

Macrophage activation in transplant immunology 

Macrophage is a collective term for many different phagocytotic cells of the immune system. They 

differ mophologically from tissue to tissue; Kupffer cells belong to the liver, sinusoidal macrophages 

belong to the spleen, microglial cells belong the brain and alveolar macrophages belong to the lungs. 

There are two responses macrophages can give rise to. The first is the so called M1 response which 

covers the ingestion and killing of microbes, the ingestion of dead host cells, the secretion of 

cytokines to attract other immune cells and serving as APCs. The M2 response covers  the stimulation 

of new blood vessel growth in damaged tissue, tissue remodeling and fullfilling immune regulatory 

functions (Abbas et al., 2014).  

Several studies have shown that macrophages in and near the graft are activated in an M1 state after 

transplantations. This was shown by Fyve et al. (1993) in research on coronary transplantations, by 

Bottoni et al. (1998) in research on transplantation of islets of Langerhans and Marzi et al. (1993) in 

research on liver transplantation. This activation of macrophages limits the succes of engraftment 

(Bottoni et al., 1998). All these studies refer to high levels of specific cytokines as the reason for the 

macrophage activation. Fyve et al. (1993) propose that these cytokines originate from the graft itself. 

Both Fyve et al. (1993) and Bottoni et al. (1998) mention tumor necrosis factor alpha as one of the 

actors in the activation of the macrophages. In addition, Fyve et al. (1993) mention interleukin (IL)-6 

as an important factor and Bottoni et al. (1998) mention IL-1β and NO as possible enhancers of the 

macrophage activity.  

Macrophage deactivation in tumour immunology 

Macrophage activation can lead to different outcomes, as summed up in the first paragraph. While 

they can cause apoptosis in certain cells, they can also stimulate angionesis in other situations 

through an M2 response. These seemingly contrasting effects are also seen in tumours. Macrophages 

can stimulate tumorigenesis via the secretion of vascular endothelial growth factor (VEGF), yet they 

inihibit tumour growth via the production of nitric oxide (NO) (Abbas et al., 2014). CD47 is a protein 

that inhibits the latter. It can bind to signal regulatory protein-α (SIRP-α) situated on macrophages, 

after which a possible attack is nipped in the bud. Tumours ingeniously manipulate this CD47:SIRP-α 

axis, simply by the upregulation of CD47 on their cell surface (McCracken et al., 2015). This particular 

protein is also refered to as the “don’t eat me” signal in literature (Feng et al., 2015; McCracken et 
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al., 2015; Weinberg et al., 2013). The upregulation of CD47 is not an invention of tumour cells, since 

certain healthy cells, such as circulating hematopoetic stem cells and red blood cells, upregulate 

CD47 on purpose in order to prevent engulfment by circulating macrophages.  

 

5. PD-1:PD-L1 axis 

Role of PD-1 and PD-L1 in allograft rejection 

Programmed death receptor 1 (PD-1) and its ligand (PD-L1) are members of the B7:CD28 family (Keir 

et al.,2008; Abbas et al., 2014). The members of this family represent a range of receptors and 

ligands which either have costimulatory or negative regulatory effects on T cells. The PD-1 receptor is 

expressed by T lymphocytes and PD-L1 is expressed by numerous body cells. The activation of the 

PD-1: PDL-1 axis has the major function of negative regulation of T effector cells (Abbas et al.,2014). 

It must be noted that there are different findings on the locations of PD-1 and PD-L1 on different 

somatic cells. According to Keir et al. (2008), PD-1 as well as PD-L1 are both present on the cell 

surface of alloreactive T lymphocytes and regulatory T cells (Treg’s), contradicting findings of Abbas et 

al.,(2014). In their book ‘Cellular and Molecular Immunology’ Abbas et al. ( 2014) mention that the 

PD-1 receptor is expressed by T lymphocytes and that the PD-L1 ligand is only expressed on APCs or 

other cells, not on T effector or Treg cells. Since the study by Keir et al., (2008) entailed a detailed 

review on PD-1 and PD-L1 and their roles in tolerance and immunity, we follow these authors in this 

matter and assume that indeed PD-1 and PD-L1 are expressed on the alloreactive T cells and Treg 

cells. Combining this insight with the notion that PD-L1 can bind to effector (CD4+ helper and CD8+ 

cytotoxic lymphocytes) and Treg cells, the effect of upregulation of PD-L1 on graft cells, which would 

slow down allograft rejection according to Hori et al. (2006), is dependent on the proportion of Treg 

cells and effector T cells in the graft environment. If there are relatively many effector T cells around 

the graft, the immune inhibition due to PD-1 upregulation on the graft would be stronger compared 

to the situation with relatively many Treg cells. The latter inhibit the effector T cells as their normal 

function but are suppressed themselves due to PD-L1 upregulation on the graft.  

PD-L1 upregulation by tumours 

PD-L1 expression is one of the ways in which tumours create an immunosuppressive environment via 

the induction of anergy, apoptosis, unresponsiveness and functional exhaustion of T cells (Dong et 

al., 2002; Freeman et al., 2000). The PD-L1 protein is located on human chromosome 9, encoded on 

the Cd274 gene (Keir et al., 2008). It remains unclear how tumours turn on this gene. Drawing from 

existing literature, Keir et al. (2008) sum up the different tumour types in which PD-L1 expression has 

been established in situ. This list includes fifteen different types of solid tumours, which proves that 

PD-L1 expression is represented in tumours of various tissue types. Extra evidence of two animal 

studies demonstrates that PD-L1 expressing tumours kill T lymphocytes and thereby prevent tumour 

cell lysis. In yet another study mentioned by Keir et al., it is shown that the PD-1 receptor (also called 

checkpoint receptor) is upregulated on the tumour infiltrating T cells, besides the upregulation of PD-

L1 on the tumour cells (Blank et al.,2003). Because of this, not only does the tumour induce more 

lysis of effector T cells due to its own upregulation of PD-L1, but the effector T cells are also more 

susceptible for the PD-L1 upregulation due to upregulation of PD-1 on their cell surface. There are no 
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further underlying mechanisms for the upregulation of PD-1 on effector T cells mentioned in the 

review by Keir et al. (2008).  

 

6. Immune regulatory pathways induced by tumours 

MHC 1 recognition, macrophage activation and the PD-1:PD-L1 axis are examples of specific immune 

reactions occurring in allograft rejection and which are manipulated by tumours. Tumour cells can 

suppress the immune response in additional ways.  

TGF-ß excretion for immune regulation 

High TGF-ß (transforming growth factor- ß) excretion by tumour cells is a mechanism through which 

tumour cells regulate the immune system. TGF-ß is a growth factor which inhibits proliferation and 

activation of macrophages besides suppressing effector functions of T lymphocytes (Weinberg, 2013; 

Abbas et al.,2014). There are three isoforms of TGF- ß (TGF- ß1, TGF- ß2 and TGF- ß3) of which TGF- 

ß1 is the most abundant. The underlying mechanism of the secretion of TGF- ß remains largely 

elusive. According to Weinberg et al. (2013), a process of proteolysis of involved proteins lead to the 

secretion of TGF- ß. TGF- ß has an inhibitory effect on the cell cycle via the upregulation of specific 

cyclin kinase inhibitors. Because of this, the proliferative rate of tumours cells would be expected to 

decline as well. In practice, this is not the case since cancer cells are able to become resistant to TGF- 

ß due to downregulation of TGF- ß receptors or deficiencies in Smads, downstream proteins of the 

TGF- ß signalling pathway (Elliot & Blobe, 2005). All of this results in immune cells with normal 

expression of TGF- ß receptor expression of which the activity is suppressed by the high TGF- ß levels 

around the tumour, while the tumour itself can thrive. 

Treg recruitment  

Tumour cells are able to attract regulatory T cells (Treg’s), which actually conduct the immune 

suppressive work for the tumour. Treg cells are able to decrease the activity of CD4+ helper T cells and 

CD8+ cytotoxic lymphocytes (Abbas et al., 2014). Cancer cells manage to do this via the release of the 

chemokine CCL22. Treg cells display the so called CCR4 receptor on their surface which can bind 

CCL22. The existence of the selective recruitment of Treg cells by tumours via the CCL22:CCR4 axis is 

mentioned by Weinberg et al. (2013) and Mailloux & Young, (2010). The latter also refer to other 

chemokines that can lead to the same recruiting effect of Treg cells. Furthermore, Mailloux & Young 

(2010) emphasise that it differs from tissue to tissue which ‘CCL-’ chemokines secreted by the 

tumour and which ‘CCR-’ receptors expressed by the immune cells are important in the recruitment 

of Treg cells. In addition to the chemokine- mediated pathways to recruit the Treg cells, the above 

named TGF- ß plays a critical role in the expression of FOXP3. FOXP3 is a transcription factor that is a 

main player in Treg differentiation.  
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7. Bioengineering: bio- artificial organs 

Besides donor organs, bioartificial organs may be used for transplantation purposes. Bio- artificial 

organs are no realistic alternative yet for the solid donor transplants that are used nowadays. 

Anyhow, they are interesting in the field of transplantation immunology, since different immune 

responses are activated in the recipient depending on the origin of bio- artificial organ cells or 

scaffolds. Furthermore, 3-D printed organs, to name an example, have to be made from scratch so 

genetic alterations could be induced from the start with the right cells and the right techniques. Kim 

et al., (2015) list several studies that examined different methods of bioengineering kidneys. From 

this list of Kim et al. (2015), a selection of bioengineering techniques is presented in the following 

section to demonstrate the variety of bioengineering techniques. It is plausible that these methods 

can be used for other tissues too.   

De novo organogenesis is the first method mentioned by Kim et al. (2015). With this method human 

embryonic kidney cells are first grown on media with growth factors, after which they are implanted 

in situ. The aim is that these embryonic kidney cells will form a completely new kidney in the host in 

order to replace a non-functioning kidney. The advantages of the use of embryonic cells compared to 

adult pluripotent stem cells, is that these embryonic cells are programmed to differentiate in the 

phenotype of mature organ cells. Moreover, these embryonic cells show a low immune response 

after transplantation, since they do not express MHCs yet (Hammerman et al., 2007) which adult 

stem cells do express. From this source it is not clear whether MHCs might elicit an immune response 

in a later phase after transplantation. The transplanted embryonic cells developed an architecture 

that was identical to the original kidney by light microscope (Hammerman et al., 2007).  

Yokoo et al. (2005), developed yet another possible alternative for donor transplants. They used 

human bone marrow derived mesenchymal stem cells which they exposed to the right milieu inside a 

rat embryo. The hypothesis was that the human stem cells were triggered to form a new functional 

kidney suitable for transplantation in the environment of the nephrogenic region of a rat embryo. 

The human mesenchymal stem cells were therefore injected in that specific region of the rat embryo. 

After an 48 hour incubation in the embryo, and two weeks of growing in the rat omentum, the neo-

kidneys were analysed. The mesenchymal stem cells were differentiated in mature structures and 

genes associated with mature kidney cells were expressed.  

Nuclear transplantation is another method to create neo-kidneys, tested by Lanza et al., (2002). As 

explained by Kim et al. (2015), the nuclei from adult dermal bovine fibroblasts were inserted in 

bovine oocytes. After 56 days, renal cells were isolated from the embryo and analysed. The cells 

produced significant amounts of important kidney associated proteins like 1-25-dihydroxyvitamin D3. 

Ross et al. (2009), were interested in the question if a kidney scaffold could induce pluripotent stem 

cells to differentiate into the phenotypically different kidney cells. In order to meet this aim they 

decellularized a donor kidney so only a scaffold of extracellular matrix remained. After 

decellularization the scaffold was reseeded with murine pluripotent embryonic stem cells. The 

results after ten days implicated that the signalling induced by the matrix might cause selective 

differentiation of the embryonic cells into kidney cells. 

In a report of Kharaziha et al., (2016) which is focussed on cellular transplantations for cardiac tissue, 

a clear distinction is made between the characteristics of different cell sources that can be used for 

bioengineering. Some of these cell sources are mentioned in Kim et al.(2015), but not in great detail. 
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If the features of the different cells are combined with the list of options for the production of a 

bioartificial kidney Kim et al. (2015) provided, certain options seem to stand out. The cell types which 

Kharaziha et al. (2016)elaborated on, are stem cells: adult stem cells and pluripotent stem cells. 

These two can be subdivided in a few other types which will be evaluated shortly according to 

Kharaziha et al. (2016). 

For cardiac regeneration, at least five types of adult stem cells were investigated. The ones 

mentioned by Kharaziha et al. (2016) are the mesenchymal stem cells, bone marrow mononuclear 

stem cells, brown- adipose derived stem cells, cardiac progenitor cells and cardiac stem cells. These 

adult stem cells were thought to hold good promise for regenerative medicine because of their 

availability, low immune reactivity, multipotent differentiation capacity and accessibility. 

Furthermore, ethical issues are limited. One study, however, called the immune privilege of 

mesenchymal stem cells into question (Ankrum et al., 2014). This is of importance, since the 

mesenchymal stem cells could be used for the regeneration of different tissues; they are mentioned 

in the review by Kim et al. (2015), in connection to kidney regeneration and in Kharaziha et al. (2016), 

for cardiac cell transplantation.  

Pluripotent stem cells can be subdivided in embryonal pluripotent stem cells (ESCs) and induced 

pluripotent stem cells (iPSCs). ESCs are isolated from embryos and iPSCs are a result of differentiated 

somatic cells in which genes of embryonic transcription factors are transfected which results in the 

expression of the pluripotent stem cells phenotype again. This means they have the ability to change 

into cells originated from all three germ layers (Lu & Zhao, 2013). Throughout the years different 

methods to create iPSCs were invented. Initially retroviruses were a popular vector to insert genes 

encoding the transcription factors. There are different cocktails of transcription factors that can 

direct the cells back to pluripotency (Lu & Zhao, 2013). Besides the use of retroviruses, there are 

several integration-free ways of generating iPSCs. The need for these ways came forth after virus 

transfected iPSCs turned out to be immunogenic and carcinogenic (Yamanaka, 2012, Lu & Zhao, 

2013). Because ESCs and iPSCs can differentiate into more cell types than multipotent stem cells (a 

feature of adult stem cells), they are very interesting for regenerative medicine. When embryonal 

stem cells, adult stem cells and induced pluripotent stem cells are compared, the latter seem to have 

the biggest potential in regenerative medicine. Since they originate from somatic cells the ethical 

consequences are relatively small and they can differentiate in every somatic cell type (Kharaziha et 

al., 2016)  

Tenkumo et al. (2016) present a list of various methods used to insert genes in stem cells. They 

mention viral vectors (like Yamanaka (2016) with the induction of pluripotency), liposomes, cationic 

polymers, cationic peptides and inorganic nanoparticles. Retroviruses can lead to immunogenicity 

according to Yamanaka et al. (2012) and Tenkumo et al. (2016), which is an inconvenient side effect 

when trying to evade the immune system. The use of nanoparticles is picked out by Tenkumo et al. 

(2016) as the most promising approach of inserting genes in stem cells. More specifically, the use of 

calcium phosphate as a nanoparticle to direct the right genes in the stem cells. They are not 

immunogenic and less cytotoxic compared to other methods. 
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8. Discussion  

Alternatives need to be sought for conventional donor transplants, since they elicit a fierce immune 

response that can only be counteracted with immunosuppressive agents which bring along adverse 

side effects (Brandacher et al., 2014). The research objective of this study was investigating whether 

immune evasion strategies of cancer can provide new insights with regard to possible ways to reduce 

transplant and bioengineered organ rejection making immunosuppressive agents redundant. In this 

essay, only a few immune evasion strategies are discussed as possible strategies to induce tolerance 

responses in the context of transplantation and regenerative medicine for clarity. Nevertheless, there 

are other cancer associated immune responses that could be interesting , such as o-glycan 

expression on the tumour surface which actively participates in the immune evasion (Cornelissen & 

Van Vliet, 2016). 

Summarizing the above, the following answers to the research questions can be given. 1) What can 

we learn from the immune evasion mechanisms of cancer that evade specific allograft associated 

immune reactions? It is clear that cancer can indeed evade specific immune reactions that also would 

lead to the rejection of grafts. The routes mentioned in this essay which could be targeted in stem 

cells for organ manufacturing are MHC downregulation, macrophage inhibition and PDL-1 

upregulation. In the following section the feasibility and effects of the introduction of these immune 

evasive strategies in different types of stem cells for bioengineered organs or regenerative medicine 

is discussed. 

MHC downregulation has different prospects for different stem cells. Human embryonic stem cells 

proved to already have underdeveloped MHCs , in a similar fashion as tumour cells. This would be an 

advantage for transplantation, since a tolerance could be induced in the host. Still, these embryonic 

stem cells bring along many ethical issues, which iPSCs do not. iPSCs can develop into many different 

tissues but these induced stem cells do express allogenic MHC molecules when originated from a 

donor. Of the mentioned immune evasive routes, MHC downregulation is probably not one of the 

most effective ways for engineered organs to evade the immune system. Although the CD8+ and CD4+ 

lymphocytes, which are big players in the allograft reaction, will be misled by the downregulation of 

MHC 1, the NK killer cells will be activated due to the downregulation of MHC 1. Therefore, the NK 

cells need to be inhibited as well through another mechanism. This seems like an unnecessary 

complex inhibition of a combination of pathways, while similar, or even better results can be 

accomplished via inhibition of other routes of the immune system that can be regulated in easier 

ways. 

The inhibition of aggressive M1 macrophages that infiltrate a graft via upregulation of CD47 could be 

a promising option. After the CD47:SIRP-α axis activation, the macrophages are supressed. Because 

this mechanism is also used by other cells in the human body (besides cancer) as a normal 

mechanism, it could be a plausible possibility to incorporate these characteristics in bioengineered 

grafts. Nevertheless, suppression of macrophages alone will probably not exclude patients from 

immune therapy.  

The upregulation of PD-L1 on graft cells does not appear to be very promising. PD-1 receptors are 

located on effector T lymphocytes and on Treg lymphocytes. When PD-1 receptors on effector T cells 

bind to the PD-L1 on the graft, their function would be downregulated and the graft would have a 

higher chance of survival. Though, if the PD-1 receptors on Treg lymphocytes would bind to the PD-L1 
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on the graft, their immune regulatory and tolerance inducing function would be downregulated. 

Summarizing, PD-L1 upregulation works like a double-edged sword. On one hand, the immune 

system is suppressed by the inhibition of T effector cells via PD-1:PD-L1. On the other hand, naturally 

occurring immune suppression through Treg cells is diminished after the inactivation of these Treg cells 

via the PD-1:PD-L1 axis. Therefore, PD-L1 upregulation on a graft is not the most effective way of 

suppressing the immune system.  

2) What can we learn from regulatory responses of the immune system induced by cancers? A 

combination of the immune regulation mechanisms described in paragraph six seems a promising 

option. The recruitment of Treg cells by cancer cells via excretion of CCL22 plus excretion of TGF-ß 

could be an effective combination. The CCl22 recruits the Treg cells and TGF- ß inhibits effector T 

function and directs T cells into differentiation of Treg cells. This combination is likely to be effective 

and safe, since first of all, recruiting and activating Treg cells instead of strong inhibition of the 

immune system is likely to be less dangerous. After all, it is not the intention that a bioengineered 

organ transforms into cancer via the evasion of the immune system. Recruitment and stimulation of 

Treg cells seems the most plausible option in which there is still room for immune reactions when 

needed. 

3) What are the biotechnical options for the insertion of immune evading strategies in a transplant or 

bioartificial organ? Up until this date, there are no methods known for the introduction of certain 

genetic changes in donor organs prior to transplantation in the host. Besides this, the longer the 

storage time of organs, the higher the risk of transplantation failure (Harmon et al., 1991). So 

manipulating the organ, which takes time, would negatively affect the graft survival. For all these 

reasons this discussion is focussed on the induction of immune evasion strategies used by cancer in 

bioartificial organs or cells for regerative medicine purposes in which genetic modifications can be 

made. 

Comparing the different cell options for bioengineering, iPSCs stand out as cells with the most 

potential. They do not carry all the ethical issues embryonic cells have and there are many options 

for genetic modifications. Since pluripotency in iPSCs can be induced via the introduction of certain 

transcription factors through several ways mentioned by Tenkumo et al. 2016, a possible option is to 

insert the transcription factors needed for immune evasive activities together with the transcription 

factors needed for the induction of pluripotency.   

In conclusion, inserting transcription factors that stimulate genes that encode the excretion of TGF-ß 

and CCL22 in bioengineered organs, which proved in tumours to lead to immune regulation, would 

be the most promising option for bioengineered organs or cells for regenerative medicine to 

circumvent the immune system. The engineered organ, or regenerative cells, would create an 

immune tolerant environment with the result that immune suppressing agents are unnecessary. This 

has to be tested in further research. In experiments yet to be conducted, grafts with induced immune 

evasion capabilities should be monitored closely to check for tumour growth. All in all, inducing 

tumour derived immune evasion strategies in stem cells for organ manufacturing and regenerative 

medicine could be an option to reduce the need for immunosuppressive agents. Still, much research 

has to be conducted to demonstrate possible dangers and to determine what immune evasive 

strategies are most promising in vivo. 
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