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ABSTRACT

Cord Blood (CB) has recently been used as an alternative source of transplantable 

haemopoietic stem cells with a reported lower incidence of graft versus host disease 

(GVHD). Lack or reduced GVHD is thought to be associated with higher leukemic 

relapse as a result of a decrease in the graft versus leukemia (GVL) effect. The GVL 

effect in cord blood transplantation (CBT) has not yet been ftilly elucidated. In this study, 

the phenotypic and ftmctional characteristics of CB natural killer (NK) cells have been 

investigated since NK cells are recognized effectors in the GVL phenomenon. The 

expression of CD 16, CD56, CD57 NK markers, MHC class I receptors (KIRs and CD94), 

and CD161 of CB and adult peripheral blood (APB) cell were assessed.

A three-color fluorescence cytometric analysis of freshly purified NK cells showed the 

presence of a unique CD16+/CD56- subset and the absence of CD57+ subset in fresh 

purified CB NK cells. There was no difference in the expression of KIRs receptors but 

the expression of CD94 and CD161 was higher in CB than in APB NK cells. When the 

standard Cr̂  ̂ release assay was used, CB had a significantly lower cytotoxic activity than 

APB mononuclear cells (MNCs). However, when the newly developed flow cytometric 

assay to measure cytotoxicity and purified NK cells was used, there was no significant 

difference between CB and APB in their ability to induce early apoptotic target cell death. 

Further studies using K562 and Jurkat cell lines indicated that NK cells from CB and 

APB use both the Granzyme/ Perforin and Fas/FasL cytotoxic pathways. Natural killer 

cells from CB and APB were incubated with IL-2, IL-12, IL-15, and IL-18 cytokines. The 

cytokine activated NK (ANK) cells were then assessed for NK markers expression, KIRs, 

CD94, CD 161 receptors and for their NK cytotoxic capacity against K562 and Jurkat cell 

lines. The results showed that there was a shift towards the CD16+/CD56+ phenotype, in 

addition to the significant increase in the KIRs receptors in CB ANK cells. No difference 

in the expression of CD94 and CD161 in CB NK cells was noted. The cytotoxic activity 

of CB and APB ANK against K562 and Jurkat cells was significantly enhanced. The 

findings presented in this thesis reveal that CB NK cells have the potential to mediate a 

GVL effect similar to that observed using APB NK cells.
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1.1 Hematopoietic stem cell transplantation

Hematopoietic stem cell transplantation (HSCT) plays an important role in 

the treatment of hematopoietic disorders and neoplasias. HSCT serves the 

purpose of reconstituting hematopoietic cell lineages with normal cells 

capable of continuous self-renewal in a patient with damaged or defective 

bone marrow (BM). The treatment involves the ablation of the patient's 

BM by chemotherapy, and /or irradiation. The recipient BM is then 

replaced with hematopoietic stem cells (HSCs) from a related, or unrelated 

donor, or via autologous reconstitution (Thomas 1994).

Although some have traced the origin of bone marrow transplant (BMT) 

procedure to the end of the past century, when patients were given BM 

orally as treatment for hematologic disorders (Quine 1896). A more 

realistic starting point was in 1939 report of a patient who received 18 ml 

of intravenous marrow from his brother as a treatment for aplastic anemia 

(Osgood et al., 1939). The beginning of modem bone marrow 

transplantation can be traced to work done in the 1950s demonstrating that 

rodents could be protected against lethal hematopoietic injury by the 

intravenous infusion of BM (Lorenz et al., 1951). The establishment of 

allogeneic bone marrow transplantation into clinical medicine was 

achieved in the mid 1960s when it was used successfully in children with 

congenital immune deficiencies. The subsequent identification of 

transplantation antigens human leukocyte antigen (HLA system) and the 

development of cryobiologic techniques for freezing and thawing 

hematopoietic cells laid the ground for the recent development in BMT. E. 

Donnall Thomas was awarded a Nobel prize in medicine for the work, and 

his fellow investigators led to the first successful allogeneic 

transplantation in the late 1960s, and the gradual acceptance of this 

therapy during the 1970s (Thomas et al., 1975). Furthermore, autologous 

BMT was first successfully employed to cure patients with lymphoma in 

the late 1970s (Appelbaum et al., 1978), and its use become widespread in 

the 1980s.
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Allogeneic BMT is an accepted form of therapy for haematological 

malignancies, bone marrow failure syndromes, hemoglobinopathies, 

immunodeficiency states and metabolic disorders (Tabbara 1996).

The major transplantation related complications are graft versus host 

disease (GVHD), graft rejection, and graft failure, prolonged 

immunodeficiency and toxicity fi*om pre and post transplantation radio- 

cbemotberapy and GVHD prophylaxis.

1.1.1. Differences between hematopoietic stem cells transplantation 

and solid organ transplantation

Hematopoietic stem cells transplantation (HSCT) differs fundamentally 

from solid organ transplant, hi solid organ transplantation, the graft 

generally contains only limited numbers of cells with immunological 

function, and the primary clinical concern is preventing rejection by the 

host immune system. The immune system in solid organ transplant 

remains of host origin. Thus life long administration of 

immunosuppressive medication is required to prevent rejection by cellular 

and humoral mechanisms in the host at the time of transplantation. 

However, in the case of BMT the preparative regimen is administered 

before transplantation to eliminate most progenitors and mature elements 

of the host immune system. The transplanted marrow contains large 

numbers of progenitors and mature cellular elements, which replace those 

of the host. Thus, the immune system in a BM recipient is generated by 

the graft and originates fi*om the donor. The primary clinical concern rests 

not only with preventing rejection by host cells that survive the 

conditioning regimen, but also with preventing donor cells present in the 

graft from causing immune mediated injury in the recipient a condition 

known as GVHD, while allowing immunological reconstitution for 

recognition and control of pathogens. Immunosuppressive medications are 

administered after BMT primarily to prevent GVHD. Eventually it 

becomes possible to discontinue such treatment (Martin 1994).
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1.1.2. Conditioning for hematopoietic stem cells

Before performing the transplantation procedure, the patient must first be 

conditioned (myeloblative therapy). This is to suppress the host versus 

graft response (eradication of the recipient immune system) and allow 

space for the new graft in the BM. For a patient with malignancy, the 

conditioning ftinctions to eradicate the underlying marrow malignancy. 

Conditioning involves the patient receiving high dose chemotherapy and 

in the case of malignancy, total body irradiation. BM is then removed 

from both iliac crests of the donor under general anesthesia and inftised 

intravenously in the recipient (Tutschka 1995).

BM is sometimes treated in vitro to remove unwanted cells before being 

returned to the patient. For example, in allogeneic BM transplantation 

with major ABO incompatibility between donor and recipient, it is 

necessary to remove the mature erythrocytes from the graft to avoid 

hemolytic transfusion reactions (Morgan and Dodds 1995). Also, the 

removal of donor T cells from the allograft can reduce the risk of GVHD, 

but it seems to lead to an increased rate of graft rejection and relapse in

patients with leukemia (Holmberg and Torok-storb 1995). Furthermore, 

the removal of potentially contaminating tumor cells from autologous BM 

by in vitro treatment with chemotherapeutic agents or monoclonal 

antibodies has been used to remove contaminating tumor cells from the 

harvest (a process often referred to as purging) (Champagne et al., 1995; 

Roy et al., 1991), or to concentrate the hematopoietic stem cells (a process 

referred to as positive selection) (Champagne et al., 1995).

The immunologic relationship between the donor and the recipient 

profoundly influences the outcome of BMT. The source of the donor is 

defined by their genetic relationship to the recipient i.e. donor/host 

disparity which are coded mainly by HLA and non-HLA genes (Madrigal 

et al., 1997).
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The ideal donor for BMT is an identical twin, followed by an HLA- 

identical sibling. But, approximately 30% of patients have an HLA 

identical donor sibling (Madrigal et ah, 1997). Therefore, for patients who 

lack an HLA-matched sibling donor, the alternative options are either the 

use of an HLA mismatched related donor, an HLA matched unrelated 

donor or an HLA haploidentical parent of sibling. However, the graft 

rejection and GVHD are more severe in these situations, therefore, 

aggressive immunosuppressive therapy is required (Armitage 1994).

The combination of immunosuppressive treatment and GVHD leads to 

prolonged immunological dysfunction, resulting in life threatening 

opportunistic infections. The poor prognosis in BMT especially in HLA 

compatible unrelated donors is due the presence of incompatibility for 

antigens at the HLA loci that are not routinely detected for and/or the 

undetected variants of HLA antigens (Goulmy et ah, 1996; Madrigal et 

ah, 1997). However, the recent development of the PCR-DNA based 

techniques has improved donor selection, and therefore reduced the 

incidence of GVHD (Madrigal et ah, 1997).

Finding the unrelated donors who are HLA identical to some patients is 

very difficult and sometimes is impossible. This is due the extreme 

polymorphism of the HLA system. As a result large National and 

International registries of HLA typed potential unrelated donors have been 

established such as the Anthony Nolan the British Bone Marrow Registry 

in UK and the International Bone Marrow Transplant Registry in 

Wisconsin, USA. However, there are extensive efforts required in 

locating, testing, counseling and finally extracting the bone marrow from 

the donors. These stages normally prolong the time between starting the 

search to the actual marrow donation.

Autologous stem cell transplant (from the same individual) is another 

alternative and it involves the use of the patient's own marrow to re

establish hematopoietic cell function after the administration of high-dose
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chemotherapy. The re-infused hematopoietic stem cells can come from a 

patient’s BM or peripheral blood. The autologous transplantation is of 

advantage in older patients as there is no risk of GVHD as a complication. 

It also has the major advantages of an accelerated rate of hematological 

recovery. However, this form of treatment is associated with higher 

relapse rate probably due to the lack of graft versus leukemia (GVL) 

effect. Also, it is not likely to be used for genetic disorders, and the 

possibility exists of réintroduction of tumor cells carried in the graft that 

increases in cases of malignancy. Although, contaminating tumor cells 

may be purged from the graft, the practice is questionable, as malignant 

relapse often occurs. The reason behind the relapse could be due to 

resistance of the malignant cells to the treatment rather than graft 

contamination (Armitage 1994).

1.1.3. Other sources of stem cells

Recently both autologous and allogeneic peripheral blood stem cells 

(PBSCs) have been used as an alternative source of haemtopoietic stem 

cells (Kumar and Gulati 1995). PBSCs are mobilized by haemopoietic 

growth factors (G-CSF or GM-CSF), then cells are collect by apheresis 

before infusion in the recipient. PBSCs collected by this means accelerate 

platelets, granulocyte and immunological recovery. This will lead to 

earlier discharge from the hospital and reducing the cost of treatment 

(Kumar and Gulati 1995).

Broxmeyer et al and others have reported that cord blood (CB) is also a 

rich source of pluripotent haemopoietic stem cells (Broxmeyer et al.,

1989; Carow et al., 1993; Lu et al., 1993^’̂ ). As a result there have been 

an interest in the use of CB as an alternative source of stem cells for 

haemopoietic reconstitution (Rubinstein et al., 1993). This will be further 

described in the Cord Blood Transplantation Section.

The most desirable outcome of transplant is that of engraftment, but 

rejection, relapse, GVHD, or infection may occur.
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1.1.4. Bone marrow engraftment

Engraftment- the desired outcome after transplantation- is characterized 

by stable reconstitution of hemopoiesis as indicated by ftmctional levels of 

both myeloid and lymphoid cell lineages over a period of years in the host. 

This is achieved by the proliferation of donor progenitor cells into mature 

cells of the different lineages. In humans the marker for haematopioetic 

stem cells is the CD34 molecule as it has been shown that CD34+ cells 

but not CD34- cells are active in assays for stem/progenitor cells 

(Champagne et al., 1995).

Failure of engraftment could be due a number of factors including; 

insufficient numbers of stem cells in the graft, inadequate 

immunosuppression, HLA disparity between donor and recipient, 

sensitization of recipient before transplant to non-MHC antigens on donor 

marrow, T cell depletion of BM, drug toxicity and viral infection.

1.1.5. Graft rej ection

In allogenic BMT, immunological disparity between the host and recipient 

leads to the host-vs-graft phenomenon also known graft rejection. Graft 

rejection after BMT may occur either as the lack of initial engraftment or 

the development of pancytopenia and marrow aplasia after initial 

engraftment. Acute rejection, associated with graft failure is one of the 

most important immunological barriers to successful BMT. Rejection may 

also occur in situations where ablation of the host immune system has 

been incomplete and there is disparity between the donor and recipient. 

Residual host immunocompetent T and NK cells that survive the 

cytoreductive regimen are thought to mediate the rejection mechanisms 

(Horowitz et al., 1990; Quinones et al., 1993).

The risk of rejection in an HLA-identical BMT is approximately 2 %, but 

the risk may rise to between 5- and 15% in an allogeneic setting 

depending on the degree of HLA disparity (Armitage 1994; Martin 1994).
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Also, the greatest risk of rejection is associated with transfusion-induced 

alloimmunization against the donor. Factors such as the degree of 

immunosuppression and the presence of T cells in the donor marrow also 

might contribute (Keman 1990; Martin 1994). The incidence of rejection 

is decreased in those receiving strong immunosuppressive regimens such 

as persons with malignancy. In T cell depleted BM the incidence of 

rejection is generally 10%, as there are no donor T cells to eliminate 

residual host lymphocytes (Martin 1994).

1.1.6. Graft versus Host Disease (GVHD)

GVHD is a major complication of allogeneic BMT. The transfer of tissues 

between normal individuals usually results in the recognition and 

destruction of the foreign tissue in a host versus graft reaction (graft 

rejection). However, if immunologically competent cells are contained in 

the transplanted graft, their transfer can result in immunological 

recognition in the other direction, initiating a graft versus host reaction. 

Billingham & Brent 1956 formulated the requirements for the 

development of GVHD. First, the graft must contain immunologically 

competent cells. Secondly, the recipient must be incapable of mounting an 

effective response to destroy the transplanted cells. Thirdly, the recipient 

must express tissue antigens that are not present in the transplant donor. 

According to these criteria, GVHD can develop in various clinical settings 

when tissues containing immune competent cells (blood products, bone 

marrow, and solid organs) are transferred between individuals (Billingham 

and Brent 1956).

GVHD has been subdivided in two different into two criteria: acute 

GVHD occurs within 3 months of the transplant, while chronic GVHD 

occurs after 3 months. Acute GVHD is characterised by epithelial cell 

damage affecting mainly the skin, the liver (Biliary epithelial cells) and 

the gut. The clinical manifestations of chronic GVHD resemble systemic 

collagen vascular disease, including skin, mouth, eye lesions.
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gastrointestinal tract, liver, and pulmonary insufficiency. However, the 

most serious complication of chronic GVHD is the severe 

immunodeficiency associated with the disease, and therefore, infection is 

the leading cause of death among patients with chronic GVHD (Margolis 

and Vogelsang 2000).

There are several risk factors that can significantly influence the severity 

of the development GVHD. The degree of HLA mismatches between 

donor and recipient has been identified as major risk factors for the 

development and severity of GVHD. That in addition to the other clinical 

situations that increase the risk of its development such as: the recipient 

age, history of acute GVHD, patient and donor sex, underlying disease, 

conditioning regimens, and cytomegalovirus (CMV) in either the donor or 

the recipient (Margolis and Vogelsang 2000; Nash et al., 1992).

1.1.6.1. Genetic basis of acute GVHD

GVHD remains a major complication of allogeneic BMT. The major 

histocompatibility antigens encoded by the MHC genetic loci have a 

significant impact on transplantation and on the biological progress of 

acute GVHD. Therefore, incompatibility between the recipient and the 

donor at the MHC complex plays a significant role in the development of 

acute GVHD.

During antigen presentation, large proteins are processed by antigen 

presenting cells (APCs) into a smaller fi-agments; these antigenic peptides 

bind to MHC (class I or class II) molecules and are displayed on the 

surface of the APCs as peptides- MHC complex. T cells recognize this 

complex via the TCR. When the graft is infused, donor T cells will 

recognize recipient peptides /MHC complex (alloantigen) in which the 

MHC molecules and the bound peptides are foreign. CD4+ donor T cells 

will interact with the MHC class II molecules of the host APCs, whereas 

CD8+ cells will interact with MHC class I antigens. Therefore,
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presentation of host antigens to donor T cells and the subsequent 

proliferation and differentiation of these activated T cells are important 

for the development of acute GVHD.

T cell activation requires two signals. The first signal is provided by the 

TCR peptides/ MHC interaction. The second, or co-stimulatory signal, 

requires contact with APC. The second signal determines the outcome of 

the activation sequences, leading to either complete activation, partial 

activation or to long lasting state of antigen specific unresponsiveness, 

known as anergy (Ferrara 2000). The role of HLA in transplantation will 

be further discussed in the HLA section.

Acute GVHD can still occur in approximately 30% of patients 

transplanted with HLA identical sibling transplants. Molecules other than 

MHC generally referred to as minor histocompatibility (mHags) have 

been suggested to be responsible for the development of acute GVHD. 

mHags are immunogenic peptides derived from polymorphic or foreign 

cellular proteins including peptides derived from viral protein e.g. human 

cytomegalovirus (CMV). These peptides bind to HLA antigens and can 

be recognized by allogeneic T cells. The presentation of mHags by MHC 

to donor T cell (i.e. CD4+ in the context of MHC class II and CD8+ in 

class I) will trigger T cells and induction of acute GVHD. Based on the 

above any endogenous polymorphic proteins could become mHags in 

relation to transplantation. Therefore, mHags are critical in matched 

siblings of allogeneic BM grafts.

Goulmy et al have identfied certain types of mHags, such as the male 

specific (H-Y), and non Y-linked mHags (HA-1 to HA-5), by isolating 

cytotoxic T cell clones from lymphocytes population in the blood of 

patients with sever GVHD (Goulmy et al., 1996). It has been shown that 

the mHags HA-1/HA-2 specific CTLs effectively lyse leukemic cells and 

leukemic cell precursors from AML, ALL, and CML origin but do not
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lyse non hematopoietic cells such as skin, fibroblasts, kératinocytes or 

liver cells (Gillespie et al 2000) confirming that mHags HA-1 and HA-2 

are haematopoitic system restricted peptides. The role of HA-1 responses 

seem to be clinically relevant as a risk factor for the development of acute 

GVHD, and it can be precisely evaluated using HA-1 specific teramers 

(Mutis et al., 1999̂ *'’, Tseng et al., 1999). Therefore, the practical 

consequence of that is the investigation of HA-1 genotyping should be 

included in the typing procedure of related and unrelated HLA-A2 

matched donor recipient pairs (Tseng et al 1998).

There are a number of other polymorphic molecules such as human 

platelet antigens (HP A) and CD31. HP A could be involved in 

development of acute GVHD. HP A are glycoprotiens expressed on the 

surface of human platelets. HPA-3, HPA-5 antigens have been shown to 

represent risk factors for acute GVHD (Balduini et al. 1999, Goulmy et 

al., 1997; Juji et al., 1999).

Behar et al have also reported that polymorphic adhesion CD31 molecule 

(substitution of Leucine or valine at codon 125) and act as a mHags 

(Behar et al., 1996). CD31 or platelets cell adhesion molecules-1 

(PECAM-1) has been identified as a risk factor for development of Grade 

Il-rV acute GVHD in children who received BMT for hematological 

malignances (Balduini et al., 1999).

With identification of new polymorphic genes and peptides of mHags, it is 

then will be advisable to select between HLA identical donors in those 

families where there is more than one HLA compatible donor is available. 

Further, analysis of these polymorphic genes can also be used to predict 

the severity of acute GVHD (Fontaine et al., 2001; Simpson et al., 2001). 

In addition, the role of mHags in mediating graft versus leukaemia (GVL) 

has been given a major impetus to the study of adoptive cancer
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immnotherapy, because it represent the most convincing evidence that T 

cells can be used therapeutically to eliminate cancer (Dazzi et al., 2001). 

This will be further discussed in the GVL section.

1.1.6.2. Pathogenesis of acute GVHD

Acute GVHD is a set of complex immune reactions that involve different 

immune competent cells and inflammatory cytokines. The centre of the 

reaction is the donor T cell. Therefore, the number of T cells in the graft 

affect the incidence and the severity of acute GVHD (Marks et al., 1993). 

It has been shown that T cell depletion from the graft is the most effective 

way of preventing both acute and chronic GVHD, but this process is 

associated with an increased risk of graft failure, relapse and lack of 

immune reconstitution (Apperley et al., 1988).

Ferrara and Antin have suggested that there are three phases of acute 

GVHD (Antin and Ferrara 1992; Ferrara 2000). Phase one is the 

conditioning regimen that is considered the earliest phase and starts before 

the transplant. The 2"  ̂phase is the donor T cell activation and it includes 

antigen presentation, activation of T cells, and proliferation. Finally the 3̂  ̂

phase involves the inflammatory response and cell mediated toxicity, 

where the pathological damage to the host tissues occurs (Antin and 

Ferrara 1992; Ferrara 2000).

Phase One: Conditioning Regimen

This stage is considered a critical factor in the pathogenesis of acute 

GVHD. The donor lymphocytes are infused in a host that has been 

severely damaged. The conditioning regimen damages and activates host 

tissues. Then activated host cells produce inflammatory cytokines such as 

TNF-a and IL-1, growth factors such as GM-CSF, and other factors. 

Therefore, these cytokines up-regulate the adhesion molecules, MHC 

antigens, leading to an increase in the recognition of host MHC antigens 

by mature donor T cells after the graft is infused (Antin and Ferrara 1992;
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Ferrara 2000). Therefore, there is an association between the intensity of 

the conditioning and the severity of GVHD.

Phase Two: Donor T- Cell Activation

Donor T cell activation phase involves activation of donor derived T cells 

recognising alloantigens on host derived antigen presenting cells (APCs). 

This process requires triggering of the TCR expressed by the donor 

derived T cells in addition to the role of the co-stimulatory signals. Host 

APCs provide co-stimulatory signals by B7-CD28 interaction and IL-1. In 

addition, accessory molecules such as CD40 ligand, LFA-1 interacting 

with their corresponding antigens such as CD40, CD80, and ICAM-1 that 

are expressed on host APC. Antigen presentation increases the activation 

of individual T cells. This process contains multiple rapidly occurring 

intracellular biochemical events, such as the rise of cytoplasmic free 

calcium and activation of protein kinase C and tyrosine kinases. As a 

result, these activities stimulate the transcription of the genes for cytokines 

such as IL-2, EL-12, EFN-y and other cytokine receptors. All of the above 

cytokines have been implicated in the pathophysiology of acute GVHD. 

This will lead to further activation of T cell and induction of CTL and NK 

cells (Antin and Ferrara 1992; Ferrara 2000).

Phase Three: Inflammatory and Effector Phase 

This phase involves direct tissue damage to cells. This involves 

activation and recruitment of CTL, NK cell, antibody producing B cells, 

and macrophages, which cause cytotoxicity by secretion of inflammatory 

cytokines such as EL-1 and TNF-a. Also, lipopolysaccharide (LPS) which 

can leak through the intestinal mucosa damaged by the conditioning 

regimen may stimulate gut associated lymphocytes and macrophages to 

secrete inflammatory cytokines such as tumour necrosis factor a  (TNF- 

a). TNF-a can cause additional tissue damage through the induction of 

apoptosis in a number of target tissue sites (Antin and Ferrara 1992;

28



Ferrara 2000). In addition to the contribution of cell mediated 

cytotoxicity via the granzyme /perforin and Fas/FasL dependent pathways 

to target tissues and systemic GVHD (Ferrara 2000).

1.1.6.2. Chronic GVHD

The mechanisms of chronic GVHD are not clear. Some consider chronic 

GVHD as an autoimmune disease because of the similarities to various 

autoimmune disorders such as progressive systemic sclerosis, and because 

of high incidence of autoantibodies has been found in patients with 

chronic GVHD (Parkman 1993).

Other reporters consider chronic GVHD is due to the result of an 

alloreactive T cell response to host histocompatibility antigens. This 

proposed was supported by findings of a close association between acute 

GVHD and the effectiveness of T cell depletion (Atkinson 1990). Also, it 

has been reported the close association between the presence of host 

reactive IL-2 producing T helper cells processors in the peripheral blood 

of patient with either acute and chronic GVHD (Bunjes et al., 1995).

1.1.7. Graft versus Leukaemia (GVL)

Barnes and Loutit first proposed the presence of an anti-leukemic effect in 

BMT (Barnes and Loutit 1956). However, the graft versus leukaemia 

(GVL) effect was only appreciated when an excessive relapse rate was 

noted following T cell depletion fi*om the allograft (Apperley et al., 1988). 

This observation was also noted when the donor lymphocytes infusion 

(DLI) was used to re-induce remission in-patients who relapsed following 

BMT (Cullis et al., 1992; Dazzi et al., 1999, 2000^ Kolb et al., 1995).

There is a close association between GVL and GVHD. This is supported 

by evidence that patients developing acute or chronic GVHD have a 

reduced risk of relapse (Ringden et al., 1996). Further, cyclosporin may 

suppress the GVL response and sometimes remission in BMT can be
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achieved by stopping cyclosporin (Aoki et al., 1994). Also, pathological 

GVHD can still occur in donor lymphocytes infused patients (Dazzi et al., 

2000b). However, the DLI can be effective without inducing GVHD if the 

donor lymphocytes administered late after the stem cell transplant or by 

infusing the donor cells in an escalating doses over a period of time (Dazzi 

et al., 2000^ 2001;Simpson et al., 2001)

The intensity of GVL depends on the degree of histocompatibility 

between the recipient and donor. Therefore, the effect of GVL is higher in 

mismatched unrelated BMT (Horowitz et al., 1991). Also, many 

leukemias consist of a complex cell population including infinite self

renewal capacity and mature cells with no capacity for further division. So 

the GVL effect will be noted if the immune attack is directed against the 

earlier cells (Barrett 1997). Clinical studies associate the optimal GVL 

effect with chronic, slowly proliferating malignancy such as chronic 

myeloid leukemia, and acute myeloid leukemia, rather than acute 

lymphoid leukemia (Barrett 1997). Therefore, the nature of the 

malignancy determines the strength of the GVL.

Further, it is known that leukemia cells vary in their expression of MHC 

class I and U, costimulatory molecules such as B7, and Fas antigen, and 

therefore their susceptibility to NK cells may also differ (Jiang et al.,

1997).

Another approach in the field of cancer immunotherapy is the generation/ 

amplification of patients’ immune responses towards tumor associated 

antigens (TAAs) expressed on the surface of their own cancer cells 

(Rosenberg 1999). Although it appears relatively easy to elicit TAA 

specific T cell responses in vitro, in vivo the response is more difficult to 

induce (Van den Eynde et al 1997).

30



Alternatively, tumor specific CTL may be selected by cloning T cells from 

bulk mixed lymphocytes tumor cell cultures expanded in vitro and then 

used for induction of tumor specific GVL, after being test against normal 

blast generated from normal host T lymphocytes. Alloreatcive T cells may 

also be deleted from mixed lymphocytes or mixed lymphocytes tumor cell 

cultures by negative selection (Datta et ah, 1994; Dazzi and 

Goldman, 1998).

Also further investigations have been made to generate tumour specific T 

cells against molecules uniquely expressed by the neoplastic cells, such as 

a fusion gene products. Peptides that are over expressed in neoplastic cells 

such bcr-abl in chromic myeloid leukemia (CML) have been used (Tanaka 

et ah, 2000). Translocation between chromosomes 9 and 22 resulting in 

formation of chimeric protein of her and abl has been detected in more 

that 95% of cases of CML. One of the 2 major fusion type, b2a2 and b3a2, 

is produced in most cases of CML. Because bcl-abl protein is only 

expressed in CML but not in normal cells, the fusion sequence may act as 

a potential target for T lymphocytes mediated immune response to CML. 

Further, it has been possible to generate bcr-abl fusion peptides specific 

CD4+ and CD8+ T lymphocytes in vitro (Berke et ah, 2000; Bertazzoli et 

ah, 2000; Norbury et ah, 2000).

Recently, bcr-abl fusion peptides specific CD4+ T lymphocytes clones 

have been shown to augment colony formation by CML cells in a bcr-abl 

specific and HLA class II restricted manner (Yasukawa et ah, 2001). 

Yasukawa et ah have also shown that CML derived DCs have the ability 

to process and present endogenous bcr-abl fusion protein to CD4+ T 

lymphocytes (Yasukawa et ah, 2001).

There are evidence that the GVL effect is targeted against mHags: (1) 

including it is not detected in syngeneic recipients, (2) it is stronger in 

patients presented with acute GVHD and (3) other studies of mixed 

chimerars showed that even during systemic GVHD, leukemic cells were
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eliminated only if they were allogeneic to donor cells. Other studies of 

relapsing CML patients have reported that infusion of mHags 

incompatible T cells induces a complete remission in most cases (Collins 

et al., 1997, Drobyski et al., 1999). More recently, successful use of CTLs 

generated in vitro against mHags expressed on hematopoietic cells, but 

not on somatic cell was reported (Falkenberg et al., 1999).

The approach of using T cell specific response for mHags has been 

investigated. This approach has been mainly evaluated in patients with 

hematological malignancy treated by allogeneic SCT. Following that the 

eradication of leukemic cells is mediated by the GVL effect. Therefore, it 

is important to determine which specific mHags can induce GVHD and 

GVL. Fontaine et al have found that by using murine system similar to 

human stem cell transplantation and DLI that GVL can be achieved 

without GVHD by targeting a single immunodominant mHags (Fontaine 

et al., 2001). Therefore, knowledge of immunodominant mHags is crucial 

to improve the outcome of HSCT in terms of predicting the pathological 

GVHD or the therapeutic GVL effects.

1.1.8. Immune reconstitution after HSC transplantation

After transplantation, reconstitution of BM consists of two phenomena, the 

numerical recovery of the BM cellular elements, and fimctional recovery 

of the cellular interaction. The re-appearance of neutrophils and platelets 

is usually considered the endpoint of hematologic reconstitution after 

intensive chemotherapy and stem cell transplantation. However, the 

functional recovery of lymphoid and immune effector cells occurs 

gradually, and reconstitution of normal humoral and cellular immunity 

may take up to a year or more.
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mmune reconstitution involves several components of the immune 

response. These include (1) re-appearance of functional B cells, (2) thymic 

and extrathymic T-cell development (3) reconstitution of effector cells 

including cytotoxic T and NK cells, and (4) efficient antigen presentation 

reconstituting the pre-transplantation immune repertoire (Guillaume et ah,

1998).

Following HSCT, there is a prolong period of profound immune deficiency, 

which includes defects in thymopoiesis. This immune deficiency contributes 

to the high incidence of opportunistic infection, which contributes for years 

after HSCT. The etiology of the immune defect is multi-factorial.

Thymopoietic defects resulting in decreased ability to generate new T cells 

after HSCT are important since complete immune reconstitution depends on 

the generation of T cells from HSCs (Parkman et ah, 1999; Socie et ah,

1999).

Analysis of patients after HSCT have demonstrated that the presence of immune 

function 1 year of later was correlated with the number of CD4+CD45RA+ 

naïve T cells, suggesting that immune function at later time points is dependent 

on the ability to generate new T cells (Small et a l ., 1999).

The factors that inhibit thymic function may include age, GVHD, and direct 

thymic damage from chemotherapy. In multiple studies of normal individuals, 

recipient of high dose chemotherapy, HSCT recipients, and patients infected 

with HIV, age has been inversely correlated with thymopoiesis. GVHD after 

HSCT also leads to thymic insufficiency possibly by direct attack on the 

thymic stroma by allogeneic effector cells. Also direct damage of the thymic 

epithelial cells leading to loss of production of the thymopoietic cytokines 

interleukin (IL-7) and consequently decreases the ability to support HSCT 

thymopoiesis has been shown in a murine model of HSCT (Chung et a l .,

1998).

33



A recent assay that is used to measure the thymic capacity is the frequency 

of T cell receptor excision circles (TRECs) among the peripheral blood T 

cells. The process of ap  TCR generation creates a byproduct that can be 

used to measure thymic function. A mandatory early step in the aP T- cell 

neogenesis is the excision of the TCR-5 locus from within the TCR-a 

locus. This process of TCR-a gene rearrangement, which occurs in all T 

cells expressing conventional TCR-aP receptors, results in the generation 

of an optimal DNA fragment termed a TCR rearrangement excision circle 

(TREC). TRECs become stable intracellular episomes, which are neither 

degraded nor replicated with cellular division. TRECs are also expressed 

at very high levels in CB T cells. Relatively high number of TRECs are 

found in peripheral blood T cells in the first 2 decade of life, and TREC 

levels subsequently decline with increasing age. Levels of TRECs with a 

mature T cell population decline with ongoing cell division and as a result 

TREC levels are higher in naïve T cells. Therefore, TREC can be used to 

measure thymic function and the general level of T cell neogenesis in an 

individual (Hochberg et al., 2001; Weinberg et a l ., 2001).
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1.2. Cord blood (CB) transplantation

Gluckman and colleagues performed the first cord blood (CB) 

hematopoietic cell transplantation (HCT) in October 1988 for a 5-year-old 

child with Fanconi anemia (Gluckman et ah, 1989). The patient had 

engrafiment of donor hematopoiesis and survived without hematological 

manifestation of the underlying disease (Gluckman et ah, 1989).

Following that, four CB transplantations were performed for children, 

three with Fanconi anemia, and one with juvenile myelomonocytic 

leukemia. All of the patients had engrafiment of donor cells, with only one 

patient with Fanconi anemia having a graft failure (Wagner et ah, 1992). 

Following these first successful transplants, CB was recognized and used 

by others as an alternative source of HCT transplantations and an 

International Cord Blood Transplant Registry (ICBTR) was established 

(Wagner et ah, 1995).

1.2.1. General description of CB

Cord blood from the placenta displays the characteristics of fetal blood, 

which provides nourishment to the developing fetus during pregnancy. 

During the last weeks of gestation, there are high numbers of 

haematopoietic progenitor cells present in the bone marrow as well as in 

the circulation (Broxmeyer et ah, 1989; Carrow et ah, 1993). These cells 

are characterized by their high proliferative capacity to generate large 

numbers of both erythroid and myeloid colonies (Migliacchio et ah, 1993).

After the delivery, there is neonatal blood in both the cord and the 

placenta, which is normally discarded. The CB from the placenta can be 

collected via the umbilical vein either during the third stage of labour 

when the placenta is still in utero, or after the placenta is delivered. Then 

CB can be collected directly into a blood bag containing anticoagulant 

(Wagner et ah, 1992). The collected CB can be stored for 1-2 days at 4 or 

22°C without loss of cell viability before the final processing and freezing 

(Apperley et ah, 1994).
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1.2.2. Potential advantages and disadvantages of CB as an alternative 

source of HSCT

Placental blood is available and can be harvested without risk to the 

mother, and depending on the collection methods performed to collect the 

CB harvest there is no risk to the donor (in this case the infant). Also, 

there is no need for general anesthesia (required for the harvest of BM) 

nor is there a risk of long term side effects of growth factors that are given 

for peripheral blood stem cell harvest (Majolino et al., 1995). In addition, 

infectious agents like cytomegalovirus (CMV), Epstein-Barr Virus (EBV), 

hepatitis B and human immune deficiency virus (HIV) are less common in 

new boms than in adults (Broxmeyer et al., 1989). Therefore, the risk of 

transmitting these infections by stem cell transplantation is lower with the 

use of CB.

CB collection offers the potential of targeting population minorities, 

groups which are currently underrepresented in the National Marrow 

Donor Program (NMDP) registry. In addition, although the longest time a 

CB unit has been stored frozen and subsequently used for transplant is 

about 4 years, studies have shown that CB can be stored for as long as 7 

years with minimal effects on cell viability and progenitor cell capacity 

(Rubinstein et al., 1993; Harris et al., 1994). As the cord blood banks are 

expanding rapidly, the time required to allocate the donor unit may 

decrease, thus allowing transplantation to occur earlier.

Finally the incident of grade II and IV acute GVHD in children after un

manipulated (non-T-depleted) unrelated BMT has been reported to be 

approximately 49 % (Balduzzi et al., 1995), while the documented 

incidence of grade II and IV of acute GVHD following CB transplant 

appears to be 9-12% (Kurtzberg et al., 1996; Wagner et al., 1996).
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Despite the described advantages, there are several potential 

disadvantages. One CB unit may not contain sufficient number of CD34 

stem cells for the reconstitution of ablated bone marrow in adults. In 

addition, genetic diseases like sickle cell anemia that become apparent in 

later childhood are potentially transmitted with CB transplantation 

(Keever 1993). Therefore, thorough testing of CB, and detailed history 

taking has to be performed (Gluckman et al., 1989; Harris et al., 1994).

In the unrelated CB setting it is not possible to obtain more hematopoietic 

stem cells from the donor when the recipient experiences graft failure or 

relapse. In the clinical setting studies showed that neutrophil and most 

importantly platelet engrafiment in CB recipients are prolonged (Abu 

Ghosh et al., 1999).

1.2.3 Biological characteristics of CB

1.2.3.1 Hematological charactestics

There are two ways to describe the hematopoietic stem and progenitor 

cells: phenotypic and functional analysis. The phenotypic markers 

recognise the cell surface components, e.g. cluster of differentiation 

antigens. The functional analysis is performed through the use of progeny 

of the stem and progenitor cells as a marker for self-renewal and 

proliferation.

The most utilised phenotypic marker for stem and progenitor cells is 

CD34. The CD34 is a glycophosphoprotein (Krause et al., 1996), and it is 

a marker for early haematopoietic progenitor cells (Sutherland et al., 

1994). CD34 has been used as important clinical marker, and it has also 

been found on cells that are not stem or progenitor cells e.g. endothelial 

cells (Broxmeyer et al., 1995). Little is know about the functional 

relevance of this marker. CD34 by itself does not distinguish stem cells 

from progenitor cells or even subsets of cells within either the stem or 

progenitor cell categories, although the density of distribution of CD34 

antigens on the cell surface is significant between the stages of
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differentiation. For example, cells expressing the highest density of CD34 

antigen (CD 34+++) correspond to a population of cells highly enriched 

for the earliest cells (Lu et al., 1993a). Approximately 1% of nucleated 

cells in un-ffactionated cord blood are positive for CD34 antigen which is 

a marker for early haematopoietic progenitor cells (Sutherland et al.,

1994). There are other specific phenotypic markers of early progenitor 

cells that identify this population including; CD38, thy-1, c-kit, Flt3, and 

rhodamine 123. Earliest stem cells normally lack or express CD38 at a 

very low level (Hao et al., 1995). thyl is also expressed by the earliest 

stem cells (Mayani and Landsdrop 1994). c-kit is a tyrosine kinase 

receptor that binds the potent co-stimulating cytokine steel factor (Laver et 

al., 1995), and Flt3 is a tyrosine kinase receptor that binds the potent co- 

stimulating cytokine Flt3 ligand (Rappoid et al., 1997). Rhodamine 123 is 

a supravital dye and is expressed in the earliest stem cells (Cicuttini et al.,

1994). All of the previously mentioned markers have been used to 

differentiate cell maturity. Stem and progenitor cells in freshly isolated 

CB appear to express the same phenotypic markers as these same cells in 

adult marrow. One major exception is the expression of HLA-DR 

antigens. HLA-DR antigens seem to be absent or expressed at very low 

levels in primitive marrow cells, but expressed at higher levels in CB cells 

(Traycoff et al., 1994 '̂^).

Function of progenitor cells is normally determined by in vitro cell 

proliferation, differentiation, re-plating methods, and/or long term marrow 

reconstituting cells in vitro. These methods utilise the growth of cells in 

semisolid culture media such as agar, agarose, or methyl cellulose, or in 

suspension culture (Cooper and Broxmeyer 1991, 1996). Colonies are 

derived from a single cell that is either a stem cell with limited self 

renewal capacity, or a progenitor cell. The main purpose of the colony 

assays is to distinguish cells known as stem cells, high-proliferative 

potential colony-forming cells (HPP-CFCs), multi-potential colony- 

forming units (CFU-GEMM for granulocytes-erythroid, macrophages.
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megakaryocyte-containing components), and more lineage-restricted 

progenitor cells. The lineage-restricted progenitor cells could be any of the 

following; CFU-GM (containing granulocyte and macrophage 

differentiation capacity), CFU-G (with granulocyte differentiation ability), 

CFU-M (with macrophage differentiating capacity), and CFU-Mega (with 

megakaryocyte differentiating capacity) and BFU E (burst forming unit -  

erythoid). The re-plating assay measures the colonies ability for self

renewal. Being able to re-plate a single colony from one plate to another, 

with the development of secondary colonies, offers an estimate of self 

renewal capacity of the original cells that gave rise to the primary colony, 

especially when both the primary and secondary colonies are composed of 

multi-lineage cells (Carow et al., 1991,1993; Nakahata et al., 1982). 

Several experiments have shown that the proliferation capacity (Cardoso 

et al., 1993; Landsdorp et al., 1993; LU et al., 1993^’̂  ) and the re-plating 

ability (Carow et al., 1991,1993) of these types of cells in CB showed to 

be greater than their counterparts found in BM. Since re-plating ability of 

colonies is a measure of self-renewal capacity, the frequency and the 

proliferative/ self-renewal capacity of the immature cells found in CB may 

be as good as that found in adult. Furthermore, in long term culture assays 

which are thought to reflect the long term marrow reconstituting cells in 

vitro, CB showed significantly greater progenitor cell content that initiated 

an increased life span of cultures compared to adult BM. Long term 

culture assays of cells in suspension culture in which growth of cells is 

supported by stromal cell components have also demonstrated the superior 

growth characteristics of CB as compound to marrow cells (Hows et al., 

1992). Extended long term culture assays have shown that CD34+ CD38- 

CB cells have a higher cloning efficiency, proliferate more rapidly in 

presence of cytokines stimulation, and generate about seven-fold more 

progeny than their marrow counterpart cells (Hao et al., 1995).

Therefore, the information summarised above lead to the understanding 

that CB can be used to treat a number of malignant, as well as non-

39



malignant disorders (Cardoso et al .,1993; Durad et al., 1993; Henschler et 

al., 1994; Hirao et al., 1994; Hows et al., 1992; Traycoff et al., 1994

1.2.3.2 Immunological character sites

It is well known now that the incidence of GVHD in most CB transplants 

is lower compared to BMT. That might reflect the difference in the 

biological characteristics of CB T, NK, and B cells.

T cells can be subdivided into naïve cells and memory cells according to 

the differential expression of CD45. Naïve T cells express the CD45RA 

isotype and have not yet been activated by exogenous antigens. Memory 

cells express the CD45RO isotype. These activated cells will respond to 

recall antigens, and provide helper activity for antibody synthesis. The 

majority of CB CD3+ T cells express CD45RA. However, few cells are 

CD45RO dim (the antigen is never brightly expressed) (Takahashi et al.,

1995).

It has been shown that the percentage of CD3+ expression in CB is lower 

than their counterpart in adult peripheral blood, while the proportion of 

CD2+ CD5+ TCRap, TCR5Ô, CD4+ and CD8+ cells were all similar or 

even higher in cord blood (Harris et al., 1992; Han et al., 1995; Keever 

1993^ ; Racadot et al., 1992). Also, the absolute number of CD3+, CD4+ 

and CD8+ T cells was significantly higher in CB than in adult peripheral 

blood (APB) (Han et al., 1995).

Although CB T cells respond as adult BM or peripheral blood T cells to 

the primary allogeneic stimulation, CB T cells become unresponsive to 

secondary allogeneic stimulation. In contrast APB T cells have a higher 

proliferation to the secondary allogeneic stimulation compared to the 

primary allogeneic stimulation (Risdon et al., 1994).

Several studies have shown that NK cells in CB have lower cytotoxic 

activity compared to APB NK cells. Further, CB NK cytotoxicity can be
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enhanced to a level similar to APB when stimulated with IL-2, IL-12, and 

IL-15, suggesting that CB NK cells can mediate a GVL effect similar to 

APB. Also, a subset of NK cells CD16+CD56-, has been identified in CB 

only. This subset has a low lytic activity and might represent a precursor 

of mature NK cells (Gaddy et al., 1995). However, a number of limitations 

have been shown on the previous studies, and therefore it will be 

addressed later.

In addition, to the immune cells described above, the functional and 

phenotypic expression of other CB immune cells are also different. The 

percentage of CD 14+ monocytes in CB is, in general higher than that in 

peripheral blood, but the expression of HLA-DR, CD54 and CD80 on 

cord blood monocytes is slightly reduced (Roncarolo et al., 1994). Also, 

the cytokines production by T, NK, and antigen presenting cells are 

reported to be lower in CB than in APB (Chalmers et ah, 1998).

It is important to mention that the ability of cord blood MNCs to produce 

immunoglobulin (Ig) differs from that of peripheral blood. No significant 

level of endogenous IgA and IgE are detected in CB serum, while IgG is of 

maternal production. Lack of production of IgM, IgG, IgE or IgA were 

observed in vitro after the activation of CB MNCs with Pokeweed mitogen 

(PWN) or anti-CD3 mAbs (Tucci et ah, 1991; Splawski et ah, 1991a). The 

reason for very low immunoglobulin secretion may be related to an 

immaturity of both T and B cells of CB. But when they are activated in 

presence of cytokines such as IL-4, IL-2, or IL-6 cord blood MNCs secret all 

Ig isotypes (Splawski et ah, 1991b; Pastorelli et ah, 1990). Furthermore, CB 

MNCs when incubated with anti-CD40 monoclonal antibodies plus IL-4 

produced considerable amounts of IgM, IgG, IgG4, and IgE, which were 

comparable to those detected in the supernatants of peripheral blood MNCs 

cultured under the same conditions (Roncarolo et ah, 1994). Therefore, 

these data suggest that CB B cells are similar to adult B cells in their 

capacity to switch from IgM producer cells to IgG4 and IgE producer cells

41



when appropriate signals are delivered.

1.2.4. Immune reconstitution after cord blood transplantation

Few reports are available regarding the time of immunological 

reconstitution following unrelated CB transplantation. It has been reported 

that early recovery of NK, B cells and PMN functions have occurred 

within the first 2-3 months post transplant (Abu-Ghosh et al., 1999, 

Locatellli et al., 1996). Also, inversion of CD4: CDS cell ratios because of 

earlier CD8+ cell recovery have been reported as well. However, T cell 

proliferative responses remain decreased within the first 100 days post CB 

transplants (Abu-Ghosh et al., 1999; Locatellli et al., 1996). In addition, 

platelets engrafiment was delayed to median of 52 days compared to 27 

days in unrelated BM transplant (Abu-Ghosh et al., 1999).
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1.3. Natural killer (NK) cells

1.3.1. Role of NK cells in GVHD and GVL

Role of NK cells in GVHD

It is clear from both animal and clinical studies that T cells are involved in 

the afferent and efferent stages of acute GVHD (Ferrara et ah, 1999). 

However, the data in the clinical literature regarding the role of NK cells 

in GVHD is variable.

Rhoades et al. have shown that GVHD frequently occurred when there 

were reduced numbers of CD3+ T cells and increase in CD3-, CD 16+, 

and CD56+ cells in the peripheral blood (Rhoades et ah, 1993). Also, it 

was observed by Acevedo et ah that NK cells were present in significant 

numbers relative to other cells in cutaneous lesions during acute GVHD. 

Therefore, Acevedo et ah have concluded that NK cells played a role in 

mediating epidermal damage during cutaneous GVHD (Acevedo et ah, 

1991).

Although the above studies suggested a correlation between NK cells and 

GVHD, studies by other groups were not as convincing. Diamond et ah 

have found that there was no evidence of an increase in NK activity 

relative to T cells in GVHD lesions (Diamond et ah, 1995). Brenner et ah 

have also demonstrated that there were no correlation between changes in 

NK population and the development of GVHD (Brenner et ah, 1986).

Therefore, as mentioned ealier it can be concluded that the role of NK 

cells in GVHD may be through the production of cytokines that have the 

potential to augment the specific immune response mediated by donor T 

cells by increasing MHC and cell adhesion molecules and enhancing the 

activation of macrophages. The further activation of macrophages does in 

effect make these cells more sensitive to microbial products such as LPS 

that have been shown to leak from the gut following conditioning. Since 

NK cells, upon stimulation with macrophage derived factors (IL-12 and
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IL-18) can be the major producer of IFN-y and TNF-a, these cells are 

more likely to participitate in the development of the effector phase of 

GVHD. These responses result in enhanced production of 

proinflammatory cytokines that are a hallmark of acute GVHD (Antin and 

Ferrara 1992; Ferrara 2000).

Generally, it is likely that the major function of NK cells during the 

effector phase of acute GVHD is through the production of cytokines that 

participate in the enhancement of acute GVHD effect, and induction of 

apoptosis in target tissues.

Role of NK cells in Graft versus Leukemia

It has been shown that the GVL effect is mediated by T cells, NK cells and 

cytokines (Barrett 1997; Klingemann 2000; Theobald et al., 1993). It is 

well known that NK cells are one of the earliest cells to appear after 

autologous and allogeneic stem cells transplantation. Also, in contrast to B 

and T cells, NK activity reaches normal level within one month after the 

BMT (Guillaume et al., 1998). Therefore, NK cells may be main effectors 

of GVL in the early post transplant period.

It has also been shown that the NK activity correlates with the relapse rate 

after BMT for myeloid leukemia, suggesting the role of NK cells in the 

GVL effect (Barrett 1997). Further, when donor NK cells were activated 

with IL-2 they became lymphokine activated killer (LAK) cells. These 

cells were shown to kill recipient chronic myelocytic leukemia (CML) 

targets after BMT (Barrett 1997). Jiang et al have also shown the direct 

link between NK cells recovery with the GVL rather than the GVHD after 

allogeneic BMT (Jiang et al., 1997). Also, it has been shown by an in vitro 

study that there was an association between leukemia specific cytolytic 

activity and clinical outcome following autologous BMT (Lowdell et al., 

1997). In addition, in a single study of 146 patients in complete remission 

of acute leukaemia after allogeneic BMT or chemotherapy alone, the loss
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of NK activity against K562 cell line was associated with clinical relapse 

(Tratkiewicz and Szer 1990).

Although the effector mechanisms involved in the pathogenesis of GVHD 

have been well studied previously, the cellular mechanisms are less clear 

in the GVL effect. Assessing the relative contribution of each of the 

cytototoxic pathways in NK cells may help in the potential dissociation of 

GVHD from GVL. Tsukada et al have indicated that blocking of the 

Fas/FasL can reduce the severity of acute GVHD without impairing the 

GVL effect in murine GVL model (Tsukada et al., 1999). In contrast, 

blocking of the TNF-a and perforin pathways resulted on early leukemia 

relapse and death of murine recipient (Tsukada et al., 1999). This finding 

suggests that it may be possible to preserve the GVL effect while avoiding 

GVHD (Tsukada et al., 1999). The preservation of the GVL activity in the 

absence of GVHD has been a long-term goal of many research groups.

1.3.2. Surface phenotype of NK cells

There is no single surface antigen described on all human NK cells. The 

phenotype that is used most extensively as an NK cell “marker” for 

clinical and basic research purposes is CD56+ (NKH -  1, Leu-19); and 

CD 16+ (Fey RIU). The majority of adult peripheral blood leukocytes 

(APBLs) expressing CD56 co-express the CD 16 antigen (Lanier et al., 

1986, Perussia et al., 1983 '̂^). Approximately 90% of adult human NK 

cells are phenotypically CD16+CD56^™ (Robertson et al., 1990^’̂ ). The 

rest are mostly CD16-/CD56^" '̂^^ which might represent immature 

precursor forms (Nagler 1989). About 2% of normal peripheral blood NK 

cells are CD 16- CD56+ (Lanier et al., 1986).

CDS6 appears to be identical to the neural cell adhesion molecule 

(NCAM) (Lanier et al., 1989^), which is a well described structure 

mediating homotypic adhesive interaction between neural and muscle 

cells (Cunningham et al., 1987). CD56 maybe involved in the process of
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NK cell cytotoxicity via specific recognition of alloantigens (Suzuki et al.,

1991). However, other studies have shown no direct participation of CD56 

antigen in NK mediated cytotoxicity (Lanier et al., 1986, Griffin et al.,

1983), although there are reports suggesting that CD56 can mediate 

homotypic adhesion of NK cells to CD56+ tumor cell lines (Nitta et al., 

1989).

CD 16 is a low affinity receptor that binds the Fc portion of 

immunoglobulin G (IgG) (Lanier et al., 1988; Perussia B et al., 1983a).

It is a 50 to 70 Kd heavily glycosylated polypeptide expressed by 80 to 

90% of NK cells. (Trinchieri et al., 1989; Perussia et al., 1983b; Perussia 

et al., 1984). CD 16 expression is not limited to NK cells, however, it is 

also expressed by neutrophils and mature eosinophils as well as 10-15% 

of cultured or activated monocytes, tissue macrophages (Klaasen et al., 

1990; Trincheri et al., 1989; Unkeless et al., 1989), and T cells (Lanier et 

al., 1985). In addition, CD 16 present on granulocytes is biochemically and 

serologically distinct from that of NK cells (Huizinga et al., 1990; 

Unkeless et al., 1989). Furthermore, CD 16 is attached to the membrane of 

neutrophils via phosphatidylinositol glycan moiety, while the CD 16 of NK 

cells is an integral transmembrane protein. These extremely homologous 

molecules are encoded by two separate but tightly linked genes on 

chromosome 1 (Huizinga et al., 1990). The longer cytoplasmic domain 

may participation in NK cell triggering during antibody-dependent cellular 

cytotoxicity (ADCC) (Selvaraj et al., 1989). CD 16 binds the Fc region of 

human IgGl and IgG3 with low affinity (Ka 5x1 Os M'^), it does not bind 

to IgGl or IgG4 (Huizinga et al., 1990; Unkeless et al., 1989).

CD57 detected by HNK-1/Leu-7 Mo Ah has been used previously to 

identify NK cells (Robertson and Ritz 1990^). CD57 is a 110 Kd antigen 

expressed only by 50 to 60 % of peripheral blood NK cells. Further, only 

50% of PBLs that express CD57 are actually NK cells, the remainder 

apparently representing T lymphocytes (Robertson and Ritz 1990^).
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Conjugate formation between NK cells and target cells is necessary but 

not sufficient for NK activity, it is largely mediated by the binding of NK 

cell surface LFA-1 (CD 11 a/CD 18) and CD2 to their target cell ligands, 

ICAM-1 (CD54) and LFA-3 (CD58) respectively (Schmidt et al., 1985).

1.3.3. Other cell surface antigens expressed on NK cells

Other cell surface antigens are characteristically but not uniformly 

expressed by human NK cells CD2 and CD7 are present on about 80% of 

NK cells and CD8 on 30 to 40% of NK cells, (Ritz 1988; Griffin et al., 

1983; Perussia et al., 1983b). The density of CD8 antigen on NK cells is 

lower than that on T cells (Griffin et al., 1983). But most CD8+ NK cells 

express CD8a/CD8a homodimers rather than the CD8a/CD8p 

heterodimers relevant to suppressor/cytotoxic T cells (Norment et al., 

1988). CD4 glycoprotein is very rarely expressed on NK cells. Also, NK 

cells do not express B-cell antigens such as CD 19, CD20, and CD22 

(Griffin et al., 1983, Perussia et al., 1983 '̂^). NK cells are not restricted to 

the circulation, but also migrate in the tissues. They represent about 10% 

of lymphocytes in spleen and 30% in the lung (Whiteside et al., 1990). 

There are precursors of NK cells in the BM and thymus, whereas both 

mature and precursor forms are almost absent in the lymphatic vessels 

and lymph nodes (Sanches-Madrid et al., 1994).

NK cells are cytotoxic to virus infected and cultured tumour targets cells. 

Interferons (fFNs) increase NK function considerably (Timonen et al.,

1997). However, when NK cells are stimulated with IL-2, which is 

considered the classical activator of the LAK cells, they become able to 

kill freshly isolated tumour cells, normal allogeneic lymphoid cells, 

endothelial cells, and monocytes/macrophages that are normally resistant 

to NK killing (Timonen et al., 1997). There are also other cytokines that 

activate NK cells including IL-4, IL-7, IL-12, IL-15, and IL-18, and TNF- 

a  (Trinchieri et al., 1995; Tagaya et al., 1996). NK cells also secrete 

cytokines, such as IFN-y, TNF-a, TNF-p, transforming growth factors
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(TGF-P), granulocyte-macrophage colony stimulating factor (GM-CSF), 

IL-3, and IL-8 (Robertson et al., 1990 '̂ ;̂ Somersalo et al., 1994; 

Trinchieri et al., 1989). This cytokine profile suggests that NK cells may 

be important in the generation of specific T cell mediated cellular 

immunity, in the regulation of hematopoiesis, and in the recruitment of 

leukocytes to sites of inflammation. Therefore, in primary cell mediated 

immune responses, NK cells could be the first cells to respond to EL-12 

and IL-15 by producing INF-y before T cells. Then the presence of EFN-y 

supports the Thl-type response, which works the generation of specific T 

cell mediated immunity (Abbas et al., 1996; Kos FJ et al., 1995, 1996; 

Tagaya et al., 1996; Timonen et al., 1997; Trinchieri et al., 1995; 

Somersalo et al., 1994). As a result NK cells play an important role in 

the acquired immune response.

1.3.4. NK cell development

The main difference between NK cells and other lymphocytes (T and B 

cells) is the lack of gene rearrangement encoding antigen specific 

receptors [e.g immunoglobulin (Ig)]. However, there is evidence 

suggesting the presence of common lymphocyte and NK cell progenitor 

pathways that lead to either T, B, or NK cell lineage, before the 

recombination of the genes encoding antigen specific receptors. Shinkai Y 

et al have found that mice deficient in genes encoding enzymes involved 

in the recombination of antigen-specific receptors (e.g RAG2) lack both T 

and B cells, but possess normal NK cells. But mice deficient in genes that 

are crucial for lymphoid cell development, (e,g Ikaros) fail to develop 

mature NK cells, T, and B cells (Georgopoulos et al., 1994; Shinkai et al.,

1992).

The common NK/lymphocyte progenitors are most likely to be present 

within a sub-population of haematopoietic stem cells that lack lineage 

specific membrane differentiation antigens such as Lin-CD34+ and Lin- 

CD34- cells (Williams et al., 1998). Such progenitors have been
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identified in haematopoietic tissues including; BM, fetal liver, fetal or 

postnatal thymus; and umbilical cord blood in both human and mouse 

(Williams et al, 1998). NK progenitor cells obtained from these tissues 

can differentiate in culture conditions that contains the cytokines IL-2, 

IL-7, IL-15, and other multi-lineage haematopoietic growth factors [e.g. 

stem cell factor (SCF) and Flt-3 ligand (Flt-3L)] (Williams et al., 1998). 

Liu C et al have suggested the importance of the Flt-3 L in the early 

differentiation step of NK cells, and their subsequent expansion. (Figure 

1.1) (Liu et al., 2000). However, it has been found that production of 

functional NK cells from CD34+ haematopoietic progenitor cells (HPC) 

is not dependant on the action of IL-2 alone, but requires the presence of 

stromal cells (Miller et al., 1992, 1994). Also, Liu et al have reported 

that IL-2 is not the most crucial physiological inducer of NK cell 

differentiation in vivo, and it is produced mainly by activated T cells, and 

not detected in BM (Liu et al., 2000). However, a significant level of IL- 

15 is produced by BM stromal and myeloid cells indicating the 

involvement of this cytokine in supporting the development of NK cells 

in situ. The addition of IL-15 alone or in combination with other growth 

factors, can induce the development of phenotypically (CD56+CD161+) 

and functionally cytolytic and IFN-y producing mature NK cells firom 

Lin-or CD34+ stem cell population in vitro (Mrozek et al., 1996; Zamai 

et al., 1998).

Two other cytokines are known to have immunoregulatory activities on 

NK cells. Both IL-12 (Trinchieri 1995) and IL-I8 (Okamura et al., 1995) 

can induce IFN-y production and enhance NK cell cytotoxicity. Several in 

vitro studies have suggested that IL-12 plays a critical role in inducing 

IFN-y production by phenotypically mature NK cells derived from in vitro 

culture supplemented with IL-15 and other cytokines (Bennet et al., 1996). 

Also, in vivo it has been shown that mice deficient in IL-12p40 (Magram 

et al., 1996) or IL-18 (Takeda et al., 1998), show decreased production of
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IFN-y and NK cell cytotoxicity, and the effect can be corrected to normal 

levels by treatment with JL-2 in vitro, or with IL-12 and IL-18 in vivo 

(Magram et al., 1996; Takeda et al., 1998). These findings suggest that 

there is a defect on the ability to produce IFN-y and the killing ability, but 

not the on the NK development in IL-12p40 or

IL-18 deficient mice (Magram et al., 1996; Tekeda et al., 1998). Therefore, 

it can be concluded that IL-12 and /or IL-18 are essential for the full 

maturity of NK cells into cells with the ability to kill and produce IFN-y 

(Liu et al., 2000). Furthermore, more recently Parrish-Novak et al have 

discovered a cytokine that is closely related to IL-2 and IL-15, and has 

been designated as IL-21. IL-21 has a role in the proliferation and 

maturation of NK cells from BM (Parrish-Novak et al., 2000). Further 

studies are needed to investigate the role of this cytokine on CB NK cells.
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NK Cell Development: role of cytokines
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Figure 1.1: Role of cytokines in NK cell development under physiological conditions. The different stages of NK 

development, expression of the surface antigens and cytokines receptors, and the cytokines involved in each stage are 

presented. Flt-3L plays a significant role in an early differentiation step of NK cell development through the induction of the 

expression of IL-2/IL-15RP and /or IL-15Ra expression on NK earlier cells. Therefore, these cell become susceptible to 

IL-15 and will be committed towards the mature NK cells. As it can be seen IL-15 may either direct NK differentiation and/or 

maturation (III), or brings NK cell maturation into an intermediate stage (I). This intermediate stage can then be further 

differentiated with the aid of IL-12 and/or IL-18 (II) (Adapted from Liu et al., 2000).
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1.3.5. NK effector mechanisms

The main function of NK cells is to recognize and induce the lysis of a 

variety of target cells including virally infected, tumor, and allogeneic 

cells, without prior sensitization. NK cells can induce the lysis of cells 

both using mechanisms related to antigen-specific B cell responses via 

antibody-dependent cell cytotoxicity (ADCC); and through integration 

of positive and negative signals through activating and inhibitory 

receptors (Moretta et al., 1994) (Figure 1.2).

1.3.5.1. Antibody-dependent cell mediated cytotoxicity 

(ADCC)

In this form of cytotoxicity, the IgG molecule plays an important role, 

the Fab portion binds with the target cell, and the Fc portion binds to 

specific receptors on the NK cells. This is the low affinity receptor for 

IgG which is CD 16 (Daeron 1997). This interaction initiates both 

ADCC and cytokine secretion (Anegon et al., 1988; Perussia et al.,

1984). CD 16 is non-covalently associated with FceRIy or CD3Ç, 

which mediate signal transduction (Lanier et al., 1989). Upon the 

engagement of CD 16, src-family tyrosine kinase phosphorylates 

tyrosine residues contained within immunoreceptor tyrosine-based 

activation motifs (ITAM) in the cytoplasmic domains of FceRIy 

and/or CD3Ç. This then triggers a signaling cascade similar to that 

activated by the TCR (O’Shea et al., 1991; Vivier et al., 1993).

1.3.5.2. NK activating receptors

NK cells express a multiple of activating receptors which are 

important in the initiation of target cell lysis; CD2, CD 16, CD44, 

CD69, NKR-PI, 2B4, DNAM-1, NKG2D, p50 killer cell 

immunoglobulin-like receptors (KIRs), CD94/NKG2-C, NKp30, 

NKp44, and NKp46. The ligands for some of these receptors are 

known (e.g CD2 for CD58, 2B4 for CD48, CD16 for IgG, NKG2D 

for MICA, and CD94/NKG2C for HLA-E) (Bakker et al., 2000).

53



However, the precise importance and significance of some of these 

receptors is unclear. Expression of the ligands on targets cell can 

initiate cytokine production by NK cells, provided that NK cells are 

not switched off by inhibitory NK receptors recognizing class I 

molecules on the targets (Bakker et al., 2000; Karre et al., 1995).

NKR-Pl was first identified in the rat and recently has been shown to 

be expressed by mouse and human NK cells (Lanier et al., 1994). 

Several studies suggest that recognition of susceptible targets and 

activation of NK cells appear to be mediated by a receptor that binds 

to a lectin -  like molecule (Yokoyama et al., 1998).

CD94 and NKG2 are type II integral membrane glycoproteins that 

contain an extracellular C- type carbohydrate recognition domain 

(CRD), and are encoded by genes clustered in human chromosome 

12pl2-pl3. (Moretta et al., 1996; Lanier 1998 '̂ ;̂ Lopez-Botet et al.,

1998). CD94 can covalently assemble with several members of the 

NKG2 family including; NKG2-A, NKG2-C, NKG2-B and 

CD94/NKG2 heterodimers are selectively expressed by both NK 

cells and a subset of cytotoxic T lymphocytes (Lanier 1998 Lopez- 

Botet et al., 1998). CD94/NKG2-A is an inhibitory receptor and it 

will be described later, however both NKG2-C, and NKG2-E are 

activating receptors and they will be described in this section.

CD94 can associate with NKG2C, a member of the NKG2 family 

characterized by 95% amino acid identity with NKG2A in the 

extracellular domain, a lysine in the transmembrane domain, and a 

tyrosine to phenylalanine mutation in ITIM. Triggering of 

CD94/NKG2C heterdimers induces NK activation (Houchins et al.,

1997) due to the ability of NKG2-C to associate with the ITAM 

containing KARAP/DAP12 protein (Lanier 1998 '̂^). Another member 

of the NKG2 family, NKG2E, presents similar structural 

characteristics and might associate with CD94 to form another
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activating receptor (Glienke et al., 1998). It has been recently shown 

that both inhibitory and activating CD94/NKG2 heterodimers interact 

with HLA-E molecules (Brand et al., 1998; Lee et al., 1998). 

However, the binding affinity for HLA-E of CD94/NKG2C is lower 

than the affinity of CD94/NKG2A (Vales-Gomez et al., 1999) (Figure

1.3).

1.3.5.3 NK inhibitory receptors

In humans, inhibitory receptors on NK cell belong to two families: 

those that belong to the immunoglobulin (Ig) super-family (SF) are 

called killer immunoglobulin receptors (KIRs), and those of the C- 

type lectin super-family CD94-NKG2A.

C-tvpe lectin suner-familv

The CD94/NKG2-A heterodimer is a receptor with potential for 

inhibitory signaling. NKG2-A contains ITIM units in its cytoplasmic 

tail which can recruit SHP-1 (Brooks et al., 1997; Le Drean et al.,

1998). Signaling via CD94/NKG2A has been shown to inhibit CD 16 

dependent activation of Syk and Erk (Palmieri et al., 1999) (Figure

1.3).

Killer immunglohulin receptors (KIRs)

Molecular cloning experiments revealed that the KIRs were a novel 

group of Ig-SF related proteins with diversity in both their 

extracellular and intracellular domains. The various KIR family 

members can be grouped according to the number of extracellular 

domains (2 or 3), the presence or absence of charged amino acid in the 

transmemhrane domain, and the size of the intracellular tail (Long et 

al., 1996). The KIR molecules that have a long cytoplasmic tail 

contain two copies of an immune tyrosine-based inhibitory motif 

(ITIM) (Renard et al., 1997). The binding of the extracellular portion 

of the KIR to class IMHC ligand results in phosphorylation of the 

tyrosines in these ITIM and recruitment of the protein tyrosine
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phosphatase SHP-L Therefore, this acts to inhibit NK cell activity 

(Burshtyn et al., 1996; Campbell et al., 1996; Fry et al., 1996; Olcese 

et al., 1996). In contrast, receptors with short cytoplasmic tails have a 

lysine residue in the trans-membrane domain through which they 

associate with the immune tyrosine-based activation motif (ITAM) 

containing the positively signaling molecules (Lanier et al., 1998 '̂ ;̂ 

Olcese L et al., 1997). Ligation of the short tailed KIR results in 

activation of the NK cell. Despite these significant differences in the 

signaling activity, the inhibitory and activating KIR are highly 

homologous in the extracellular portions of the molecules (Biassoni et 

al., 1996).

The basic unit of the extracellular region of these receptors is a 110 

amino acid long sequence that folds to produce an Ig-like domain. It is 

generally accepted that KIR molecules with three Ig-like domains 

(KIR3D) are involved in the recognition of class IHLA and -B  alleles 

(Lanier 1998 ;̂ Moretta et al., 1996), in contrast receptors with two Ig- 

like domains (KIR2D) bind HLA-C molecules. Both two and three Ig- 

like domain receptors can be expressed by an NK clone (Lanier 1998; 

Moretta et al., 1996) (Figure 1.3)

Any given NK clone may express both inhibitory and activating KIR 

(Valiante et al., 1997; Wagtmann et al., 1995), but the action of the 

inhibitory receptor is most likely to be the dominant (Mandelboim et 

al., 1996; Moretta et al., 1996). The processes that determine the NK 

cell receptor repertoire expressed by any given individual remain 

unclear. It has been shown that there is no relationship between the 

class I type of an individual and the pattern of NK receptors 

expression by that individual (Gumperz et al., 1996; Valiante et al., 

1997). However, it has been also suggested by Gumperz et al that 

there are some genetic influences on the NK receptor repertoire. It has 

also been demonstrated that each NK clone expresses at least one
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inhibitory receptor able to recognize at least one self-MHC molecule. 

This could point out that there is some sort of selection during NK cell 

development (Valiante et al., 1997).

1.3.6. The difference between the NK and cytotoxic T 

lymphocytes

The cytotoxic (CD8^) T lymphocytes (CTLs) are a functional subset 

of antigen specific T cells immune response. The major function of 

CD8^ T cells is to kill cells that have been infected by pathogens, 

such as bacteria and viruses. CDS^ T cells are also involved in killing 

transplanted foreign cells during graft rejection, and tumor cells. For 

this reason CDS^ T cells are frequently referred to as T killer or CTLs. 

CD 8"̂  CTLs can synthesize cytokines associated with the ThI CD4+ 

phenotype, such as INF-y, which regulates certain viral and bacterial 

infections, as well as TNF-a which plays a role in target cell killing. 

The target cell can be a specialized APC such as a DC, or any other 

cell in the body that expresses MHC class I molecules (Figure 1.4)

Peptides derived from proteins of intracellular microbes are processed 

inside the cell and are presented on the cell surface in MHC class I 

molecules. This defines this cell as infected, and as a target for CD8^ 

CTL killing. Also, other surface co-stimulatory and adhesion 

molecules such as LFA-1 and CD2 are expressed at high levels by 

CD8  ̂CTL. These are important for the close interaction of the CD8^ 

CTL with infected cells and for the activation of its cytotoxic 

machinery. Finally, the recognition of peptides -MHC class I complex 

by TCR of the CD8^ T cell results in the death of the cell presenting 

the foreign peptide. Further, this activation step also induces the 

expression of FasL on the CD8^ CTL and this can interact with the 

Fas expressed on the surface of the target cells.
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Upon recognition of the peptide-MHC class I complex by CD8^ TCR 

there will be contact between effector and target cells. This contact 

depends on two mechanisms which can be categorized as calcium 

dependent or independent. The calcium depended pathway relies on 

the secretion of cytotoxic granules onto the surface of the targets cell 

and is therefore know as the granule exocytosis pathway. The calcium 

independent pathway has been shown to cause target cells death via 

the interaction of the Fas ligand on the CD8^ CTL and the Fas 

receptor on the target cells (Figure 1.4). It is now clear that the 

perforin/granzyme system to kill targets cells is responsible for most 

of the cytotoxicity mediated by CD8 CTLs and by NK /LAK cells. 

Further, if the target cells express the Fas antigen, the Fas/FasL 

pathway might represent as backup or (redundant) system for the 

CD8^ CTLs (Shresta et al., 1998).

Both CTLs and NK cells have exocytotoxic granules containing 

perforin and granzymes and Fas/FasL pathways, and use them in a 

similar way. But there are two major differences between CTLs and NK 

cells. First, killing of target cell by microbe specific CD8^ CTL occurs 

via the recognition of a specific combination of microbe peptide 

associated with particular MHC class I molecules (MHC restriction of 

T- cell responses). This shows that T cells recognize the combination of 

antigen plus MHC molecule rather than antigen alone. NK cells 

however, do not use their receptors in a similar way to the TCR; NK 

cells detect and kill target cells that have lost their MHC class I 

molecules (Figure 1.2). The different NK cell clones of an individual 

express various combinations and different levels of inhibitory NK 

receptors, recognizing MHC class I molecules. When the expression of 

at least one MHC class I molecule is decreased, at least some NK cells 

detect this anomaly and kill the target cell because signals from the 

stimulatory receptors are insufficiently counteracted by signals from the 

inhibitory receptors. Second, NK cells do not require sensitisation and
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differentiation by antigen from precursors to become efficient killers. 

Therefore, NK cells are always ready to function and kill sensitive 

targets immediately upon recognition.

1.3.7. Mechanism of killing by NK cells and cytotoxic T cells

Cytotoxicity plays a major role in the defence against malignant and 

virus infected cells, and contributes to transplant rejection and 

autoimmune disease. Apoptosis of target cells may be induced by a 

number of mechanisms including Fas/Fas-ligand interaction (Lee et al., 

1996; Lowin et al, 1994), tumour necrosis factor-a (TNF-a) (Lee et al,

1996), or via perforin/granzymes (Lee et a l ,1996; Lowin et a l, 1994).

1.3.7.1. Fas/Fas-ligand and TNF-a receptors

Ligation of Fas or TNF receptor results in the direct activation of 

caspases (1.4.3). Fas belongs to the tumour necrosis family of receptor, 

and like TNF-receptor contains a domain in the intracellular tail (death 

domain) that is essential for transduction of the death signal Their 

extrcellular domains bind Fas ligand and TNF, respectively, resulting in 

the formation of receptor trimers. Upon stimulation, CD95 and 

associating intracellular proteins (Peter et a l, 1997) form a death 

inducing signalling associated complex (DISC). Then the death domain 

acts as a docking site for homotypic activation of apoptosis after TNF 

receptor ligation follows a similar pattern. However, the TNF receptor 

does not bind F ADD (Fas associted death domain protein) directly but it 

does so via a linking protein, TRADD (TNF receptor -  associated death 

domain) (Ashkenazi et al, 1998; Peter et a l, 1997).

F ADD also contains a death effector domain, which mediates 

interaction with similar amino acid sequences in the pro domain of the 

pro caspases 8 (Chinnaiyan et a l, 1995). Trimerization of the 

FAS/FADD/Pro caspases 8 complex after ligand binding results in the 

cleavage of the pro-caspase and generation of active caspase 8. Caspase
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8 then cleaves pro caspase 3, probably via activation of an unidentified 

intermediate caspase (Boldin et al., 1996; Muzio et al., 1996) (Figure 

1.4).

1.3.7.2 The Perforin/Granzyme pathway.

Perforin/Granzyme pathway is preceded by the release of the contents 

of cytotoxic T-cell granules, which contain perforin and serial proteases 

granzyme A and B. Perforin forms a pore in the plasma membrane of 

the target cell, thereby allowing entry of granzyme B into the cytoplasm 

(Berke et al., 1995). Granzyme B cleaves and activates caspase 8 in the 

cell free system. In cell free systems, the addition of granzyme B 

initiates cleavage of several apoptosis -  specific substrates and also 

induces chromatin condensation. Abrogation of these events by 

selective inhibitors suggests that activation of caspase 3 may be an 

important mediator of apoptosis induction by cytotoxic T cell derived 

granzyme B (Figure 1.4)
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Recognition of Normal and Abnormal Cells by Natural Killers
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Figure 1.2: NK cell recognizes normal cells and cells lack that lack MHC class I 
surface molecules. Killer activating receptor recognizes molecules present on the 
surface of normal nucleated cells and function only in the lack of inhibitory signal 
from killer inhibitory receptors. Killer inhibitory receptor recognizes MHC class I 
molecules. In the absence of the MHC class I molecules an activating signal is 
issued from killer activating receptor receptors to attack and kill the target cell. The 
cytotoxic granules (perforin and granzymse) are released from the NK cells to the 
target cells (taken from Delves and Roitt 2000).

61



NK Cell Receptors Specific for MHC Class I 
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Figure 1.3: The receptors that are expressed on NK cells and have the ability of binding HLA class I proteins are divided into 

two types: receptors belonging to the immunoglobulin super-family (IgSF) (KIRs), and C-type lectin -like receptors. The Ig-SF 

receptors bind to the classical class I MHC (HLA-A,-B and -C). The CD94/NKG2 heterodimers bind to the non-classical class 

I MHC molecules (HLA-E). Killer immunoglobulin receptor family members can be categorized based on the extracellular 

domain. Killer immunoglobulin receptor molecules vsdth three Ig-like domains (KIR3D) are involved in the recognition of class 

IHLA-A and -B  alleles, while receptors with two Ig-like domains (KIR2D) bind HLA-C molecules.

Also, killer immunoglobulin receptor molecules with long cytoplasmic tail contain an immune tyrosine- based inhibitory motif 

(ITIM) and this act to inhibit the NK cell activation, while receptors with short cytoplasmic tail have immune tyrosine based 

activation motif (ITAM) in association with positive signaling molecules KARAP/DAP12. Thus results in activation of NK 

cells. CD94 covalently associate with NKG2 family of receptors. CD94/NKG2-A heterodimer provide an inhibitory signal, 

since the NKG2-A contains ITIM units in its cytoplasmic tail. However, the CD94/NKG2-C heterodimer provide an activating 

signal due to the association of NKG2-C with the ITAM containing KARAP/DAP12 molecules (Adapted from Vales-Gomez et 

al., 2000).
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Apoptosis of Target Cell
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Figure 1.4: The cytotoxic T cells (CTLs) can kill targets via CD95/CD95L system (left) or via the perforin/granzyme B (right). CTLs recognize 
peptides that are presented in the MHC class I context. CD95 signaling activates the caspase cascade. Also, with the help o f the perforin the GrB enters 
the target cells. The GrB cleaves and activates caspases in the target cell. Therefore, either CD95 or GrB signaling pathways can induce apoptosis on 

target cells (Adapted from Krammer 2000). 64



1.4. Apoptosis

Apoptosis is a physiologie mechanism of cell death, discovered in the 

early seventies (Kerr et ah, 1972), but then neglected for a period of 

time.

Normal homeostasis is maintained through a balance between cell 

proliferation and cell death. Alterations in cell survival contribute to the 

pathogenesis of a number of human diseases including cancer, viral 

infection, auto immune diseases, neurodegenerative disorders, AIDS, 

and hematologic disease such as aplastic anemia (Webb et al.,

1997).Thus the regulation of cell death is crucial.

Apoptosis is a widespread phenomenon that can probably happen in any 

nucleated cell and not only lymphocytes (Cohen et al., 1993, Golstein et 

al., 1991; Williams and Smith 1993). It is a tightly regulated process, 

which is dependent on the expression of cell intrinsic suicide machinery 

(Kerr et al., 1994). Once a cell decides that it must die, it is genetically 

programmed to orchestrate the complex apoptotic process in a matter of 

minutes. The dead cells which take the form of apoptotic bodies are 

quickly engulfed by the surrounding macrophages.

Apoptosis may be conducted into three stages: commitment, in which 

the cell receives the lethal hit, and it will become irreversibly 

committed to death; execution, in which major structural changes 

occur; and clearance when the apoptotic cells are removed by 

phagocytosis (Webb et al., 1997). During the execution phase co

ordinated morphological and biochemical changes occur within the 

nucleus, cytoplasm, and cell membrane.
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1.4.1 Morphological and biochemical features of apoptosis

Apoptosis is characterized by recognizable morphological changes to 

the cells. In the nucleus changes include condensation of the nuclear 

chromatin, fragmentation of the nucleus, and cleavage of chromosomal 

DNA at intemucleosomal sites, resulting in the generation of a 

characteristic ladder pattern of DNA fragments which can be detected 

by electropheresis. Blebbing of the cell surface results in the release of 

membrane bound apoptotic bodies (Kerr et al., 1994). Further, the 

integrity of the plasma membrane is more compromised by the loss of 

phospholipid asymmetry. Phosphatidylserine, which is normally located 

on the inner face of the plasma membrane, becomes exposed to the 

outer surface and provides a recognition signal for engulfrnent by 

phagocytes (Fadok et al., 1992; Martin et al., 1995). Also, changes in 

surface sugars which, can be recognized by phagocyte lectin (Savili and 

Fadok 2000). Further, it has been recently reported that other clearing 

markers that have the function of bridging molecules such as iC3b, 

serum protein B2 glycoprotien, and thrombospondin might be involved 

in the clearing mechanisms (Savili and Fadok 2000). Therefore, 

apoptosis results in the rapid and efficient removal of the damaged 

cells.

In contrast to apoptosis, necrosis is a non-specific mode of cell death, 

often caused by excessively high concentrations of toxic agents, anoxia, 

depletion of energy- producing pathways, heat shock, or any other 

assault that disturbs homeostasis of the cell (Wyllie et al., 1980). The 

main differences between apoptosis and necrosis is that during necrosis, 

the cell loses its osmotic control, therefore, the mitochondria and 

plasma cell membrane swell and rupture (Wyllie et al., 1980), whereas 

the nucleus remains unaffected. Furthermore, the release of the 

cytoplasmic contents leads to an inflammatory response in the 

surrounding tissue. Another difference between necrosis and apoptosis 

is in the passive and active nature of cell death. Necrosis results from a
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passive event via the toxic effect of perforin pore forming protein. In 

apoptosis, on the other hand the cell actively contributes in its own 

death once it receives the death signal. Certain granule proteins 

including perforin can initiate necrotic cell death. Perforin, which is 

present in the cytotoxic granules of NK cells and cytotoxic T cells, and 

is identified as the protein responsible for necrosis, which has the 

function of target cell membrane damage by osmotic lysis in calcium- 

dependent manner. It is important to mention that perforin may also be 

involved as part of the apoptosis mechanism of killing, where it may 

function to facilitate the transfer of cytotoxic granule such as granzyme 

B into a target cell where they can induce DNA fi“agmentation and 

trigger apoptosis (Smyth et al., 1995).

1.4.2 Genetic studies in Caenorhabditis elegans

Significant progress in the understanding of apoptosis derived from the 

genetic studies of developmental cell death in the nematode 

Caenorhabditis elegans, in which a small set of genes, termed CED for 

cell death-defective, regulates the apoptotic machinery (Ellis et al., 

1991). Two of the genes, ced-3 and ced-4, are required for the execution 

of cell death. However, the ced-9 gene protects cells from undergoing 

programmed cell death. Loss of function mutations in ced-9 cause cells 

that normally live to undergo apoptosis (Hengartner et al., 1994 '̂ ;̂ 

Huang et al., 1998; Vaux et al., 1992). Cell death requires the activity of 

ced-3, and ced-4, and ced-9 acts by blocking ced-3 and ced 4 from 

causing cell death (Los et al., 1999). Ced-9 is the structural and 

functional homology of BCL-2, one of the large family of genes 

involved in prevention of vertebrate apoptosis. CED-4 is highly related 

to an apoptosis regulator in mammals, designated as Apafl for 

apoptosis protease -activating factors-1 (Zou et al., 1997).

The mammalian counterpart of CED-3 has been identified as a member 

of a family of intracellular protease (Yuan et al., 1993). Since these are
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cysteine proteases that cleave cellular substrates at specific aspartate 

residues, they are termed caspases (Alnemri et ah, 1996). Therefore, the 

C, elegans model has provided a valuable insight in the identification of 

the proteins that are involved in the control of apoptosis in human cells. 

The final stage during the execution phase of apoptosis proceeds 

through a common pathway despite the different extracellular signals 

and signal transduction pathways (Wickremasinghe and Hoffbrand 

1999).

1.4.3 The caspase family of proteases mediates the terminal 

stages of apoptotic cell death

Most of the morphological changes that were observed in apoptosis are 

due to a set of cysteine proteases that are activated specifically in 

apoptotic cells. These death proteases are homologous to each other and 

are part of large protein family known as caspases. Activation of 

caspases does not result in total degradation of cellular protein. But the 

caspases selectively cleave a restricted set of target protein usually at 

one or at most a few position in the primary sequences (usually cleave 

substrates adjacent to aspartatic residues). This is considered the 

terminal stages of apoptosis (Green and Reed 1998; Thomberry and 

Lazebnik 1998). It has been reported that eliminating caspases activity 

either through mutations or with the use of pharmacological inhibitors 

decreases or inhibits apoptosis (Eamshaw et al., 1999).

Caspases are divided into three subfamilies: the ICE-Like protease 

family includes Gasp 1,-4,-5,13, and -14. The CED -3  subfamily 

includes Casp3, -6, -7, -8, -9, and -10, whereas the third subfamily 

consists of only one member, Casp2 (Cohen et al., 1997, Nicholson and 

Thomberry 1997; Cryns and Yuan 1998). Further, the caspases are 

expressed as inactive pro-enzymes. Cleavage of these pro-caspases 

adjacent to aspartate residues results in the generation of active sub 

units of approximately 10 and 20 KD. These sub units dimerize, which
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results in the development of a complete active site. The N terminal 

prodomains of some pro caspase, which are removed during activation 

play crucial roles in mediating regulatory interactions between caspases 

and other proteins.

Caspases 3,6 and 7 are terminal members of caspases and recognise 

critical cellular substrates, whose cleavage contributes to the 

morphological and functional changes associated with apoptosis 

(Thomberry and Lazebnik 1998). Caspase 3 substrates include poly 

(ADP-ribose) Polymerase (Nicholson et al., 1995; Tewari et al., 1995) 

an enzyme involved in regulation of DNA repair and gelsolin, which is 

a cytoskeletal protein (Kothakota et al., 1997). Caspase 3 activation also 

results in DNA cleavage via inactivation of an inhibitor of DNA 

fragmentation factor, the endonuclease responsible for intemucleosomal 

cleavage of chromatin (Liu et al., 1997). Caspase 6 substrates include 

the nuclear stmctural protein lamin, therefore, the cleavage of a 

relatively restricted set of critical caspase substrates contributes to the 

apoptotic demise of cells via disassembly of stmctural components, 

cleavage of the genetic material, and prevention of DNA repair.
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1.5. The major histocompatibility complex (MHC)

MHC molecules may be viewed as a third set of recognition molecules 

for antigen in the immune response, in addition to the antigen specific T 

cells and B cells receptors. Although molecules coded for hy the MHC 

were originally identified based on their role in transplant rejection, 

they actually evolved to present foreign antigens to T cells. The role of 

the molecules coded for hy the MHC is to hind to peptide fi*agments 

derived from protein antigens and the presentation of short, pathogen- 

derived peptides to T cells. This process initiates the adaptive immune 

response.

Two major sets of MHC genes and products are involved in T- cell 

responses: MHC class I and MHC class II code for HLA. The genes are 

located on chromosome 6. The MHC is referred to as a ‘complex’ 

because the genes are closely linked and inherited as a unit. It is very 

important to mention that different individuals within a species can 

have slightly different forms, alleles, of each MHC class I or II gene, 

that is, at a single MHC locus, different individuals can have different 

types of genes (in humans different alleles are given a number e.g. 

HLA-B15 or B27). This phenomenon of having multiple stable forms 

of one gene in the population is known as genetic polymorphism. 

Genetic polymorphism generates diversity of MHC molecules within 

the population; that is, MHC-distinct individuals express different 

MHC molecules. Every cell in one individual expresses the products of 

the same set of MHC genes. This in contrast to the gene rearrangement 

for generating diversity of antigen-specific T-and B-cell receptors, in 

which each lymphocyte has a unique set of genes coding for an antigen 

-specific receptor. As a result, every clone of lymphocytes within an 

individual expresses a different antigen-specific receptor (Natarajan et 

al., 1999; Nelson and Fremont 1999; McCluskey and Peh 1999). In this 

thesis the focus will be on the pattern of MHC molecules expression.
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the structure and function of the MHC class I molecules, and finally 

their role in NK cell allorecognition and clinical transplantation.

1.5.1 Expression of HLA molecules

MHC class I molecules are expressed on almost every nucleated cell in 

the body. MHC class II molecules have a somewhat more limited 

expression being restricted to B cells, macrophages, dendritic cells, 

thymic epithelia cells, and activated T cells. MHC class II expression 

can be induced on other cell types by cytokines such as IFN-y.

Also, both classes I and II MHC molecules are co-dominantly 

expressed; that is, each cell expresses MHC proteins which are 

transcribed from both maternal and paternal chromosomes (McCluskey 

and Peh 1999)

1.5.2 Structure of MHC class I molecules

Each MHC class I gene codes for a transmembrane glycoprotein of 

approximate molecular weight 43 kDa, which is referred to as a  or 

‘heavy’ chain. It comprises three extra-cellular domains a i, «2, as. 

Every MHC class I molecule is expressed at the surface of a cell in non- 

covalent association with an invariant small polypeptide called p2- 

microglobulin (P2m molecular weight 12 kDa), which is coded for by 

another chromosome. The T cell molecule CD8 binds to the invariant 

region of all MHC class I molecules. Furthermore, there is a cleft or 

groove, which is made up of parts of the a i and a 2 domains. This 

groove in the MHC class I molecule is the binding site for peptides. 

Peptide bound in this cleft and parts of the MHC class I molecules 

interact with the variable regions. V a and Vp, of a T-cell receptor. The 

cleft resembles a basket with an irregular floor made up of 8 p-pleated 

sheets and each surrounding wall forming a a-helix. The cleft can fit 

peptides 8-9 amino acids long in a linear array because it is closed at 

both ends. By comparing clefts between different MHC class I
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molecules, the floor of each is different, consisting of a number of 

allele-specific pockets. The shape and charge of these pockets at the 

bottom of the cleft help to determine which peptides bind to a particular 

MHC molecule. The pocket also helps to secure peptides in a position 

in which they can be recognised by specific T-cell receptors (Natarajan 

et al., 1999).

1.5.3 Function of MHC class I molecules

1.5.3.1. Antigen processing and presentation

To activate the T cell response to any foreign protein, the protein must 

be broken down into peptides. Protein catabolism to peptides takes 

place in two cellular compartments (1) within acid vesicles and (2) 

within the cytoplasm. Peptides generated in acid vesicles bind to newly 

synthesized MHC class II molecules, whereas peptides generated in the 

cytoplasm bind to newly synthesized MHC class I molecules. The 

interaction of peptides with MHC molecules and the movement of 

peptide- MHC complexes through the cell to the cell surface is 

facilitated by a series of molecular chaperones (Natarajan et al., 1999; 

Nelson and Fremont 1999; McCluskey and Peh 1999).

Fragments of peptides that bind to class 1 MHC molecules are derived 

from viruses that have infected the cells. The major mechanism for 

generating peptide fragments in the cytoplasm is via a giant protein 

complex known as the proteasome. The proteasome cuts the protein 

into peptide fragments eight or nine residues long, and these peptides 

are selectively transported into the endoplasmic reticulum (ER) by 

specific transporter proteins (transporters associated with antigen 

processing; TAP). Binding of peptide to MHC class 1 molecules is also 

selective, based on the structure of the binding groove of the MHC class 

1 molecule and the peptides. Since the groove in the MHC class 1 

binding site is closed at both ends, MHC class 1 molecules 

preferentially bind peptides of 8-9 amino acids in length; the length that

72



results from cutting by the cytosolic proteasome. Before peptide 

loading, the MHC class I and p2-microglobulin chains synthesize in the 

ER associate with chaperones, which assist in the correct folding of the 

MHC class I plus p2-microglobulin and direct the molecule through the 

ER. Peptide that binds to an MHC class I molecule in the ER moves via 

the Golgi apparatus to the surface where it may interact with a CD8+ T 

cell expressing the appropriate receptor (Natarajan et al., 1999).

1.5.3.2. Role of MHC class I molecules in NK cell 

allorecognition.

In addition to their function in antigen presentation to T lymphocytes, 

recently it has been clearly implicated MHC class I molecules act as 

target cell receptors that interact in both stimulatory and inhibitory 

fashion with receptors on NK cells. This was described in detail 

previously.

Receptors on NK cells, which belong to the C type lectin superfamily 

such as CD94/NKG2 or to immunoglobulin superfamily such as KIR 

interact with MHC peptide complexes on their respective targets.

In addition to the role of the classical MHC class I molecules in the 

interaction with NK cells as described above, the non classical MHC 

class I molecules such as HLA-E has also been involved in the 

interaction with NK cells receptors. HLA- E is a ligand for 

CD94/NKG2 family of inhibitory NK cell receptors and thus the 

expression of HLA-E protect the cell from lysis by CD94/NKG2+ NK 

cells. Since the cell surface expression of HLA-E is dependent on its 

loading with leader peptides derived from other class I molecules, the 

lack of expression of HLA-E would signify a loss of expression of class 

I molecules and, such a loss is often a consequence of viral infection or 

neoplastic transformation, it would trigger destruction by NK cells 

(Brand et al., 1998). This is an intelligent biological strategy by which 

nonpolymorphic receptors such as NK receptors can monitor the
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expression of polymorphic class I molecules that are constantly 

undergoing diversification (Lanier., 1998^).

1.5.3.3. Role of MHC molecules in clinical transplantation

The role of HLA antigen matching in allograft survival has been well 

investigated in both solid organ and BM transplantation in humans. 

There have been good graft survivals in kidney transplantation between 

HLA identical siblings. Also, in cadaver renal allografts, matching for 

DR alone can significantly reduce rejection (Ting and Morris 1978). 

Further later results from the United Network for Organ Sharing registry 

have demonstrated that the one year survival in recipients of a ftilly 

HLA- A, -B, and -DR matched kidney from a relative is 94% as 

compared to a 90%, the graft survival rate observed in recipients of 

kidneys from sibling matched for one HLA haplotype (Cecka and 

Terasaki 1991;Oplez 1992).

In BMT, HLA matching between the recipient and the donor is crucial 

for the survival of the graft and in prevention of GVHD. GVHD occurs 

in 20-30% of recipients of HLA identical sibling BM donors and in 

79% of recipients receiving HLA matched unrelated BMT (Howell and 

Navarrete 1996). The risk of increased GVHD and death is associated 

with the degree of disparity between the donor and the recipient 

(Howell and Navarrete 1996). Further, it has been shown that matching 

DRBl alleles of the donor and recipient decreases the risk of acute 

GVHD and improves survival after unrelated BMT ( Devergie et 

al.,1997).

Further, the interaction of NK/ANK cells with the MHC antigens has 

become relevant in the BMT setting (Ruggeri et al., 1999). Recently it 

has been shown by both Tanaka et al and Witt et al that the analysis of 

KIR and HLA gene matching in stem cell transplants might support the 

evident of the possible roles of recipient NK cells in graft 

rejection,GVHD, and GVL (Tanaka et al., 2000^’̂ ’ Witt et al., 1999).
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Background

Clinical data indicates that CB transplantation is associated with 

reduced severity of GVHD. The positive correlation between GVHD 

and GVL suggest that GET reduced GVHD may be associated with 

reduced GVL resulting in early relapses of malignant disease.

Hypothesis

NK cells present in cord blood and adult have a similar cytotoxic 

capacity to mediated in vivo GVL

1.6. Aim of the study.

The aim of this study was to compare the in vitro functional and 

phenotypic

properties of NK cells from adult peripheral blood and cord blood in 

order to assess their potential to mediate in vivo GVL.

To achieve this the following aspects were investigated:

1. The cytotoxic capacity of adult and cord blood MNCs, using the 

standard Cr̂  ̂ release assay (Chapter 3).

2. The cellular mechanisms (apoptosis vs. necrosis) and lytic pathways 

(perforin/ granzyme and/or Fas/FasL) used by purified CB and APB NK 

cells. This part of the study was carried out using a newly developed 

flow cytometric assay (Chapter 4).

3. The expression of MHC class I (CD94, CDKIR, CD 158a, CD 158b) 

and CD 161 receptors, and their relation to the expression of other NK 

markers (CD 16, CD56, CD57) on purified CB and APB NK cells, using 

flow cytometry (Chapter 5)

4. The effect of cytokines (IL-2, IL-12, IL-15 and IL-18) on the function 

and expression of the above mentioned receptors and markers of 

purified CB and APB NK cells, using flow cytometry (Chapter 5).

75



Chapter 2 

Materials and Methods
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2.1 Materials

2.1.1 Reagents:

Ficoll -  Hypaque (lymphoprep Nycomed)

RPM I1640 with L-Glutamine + Hepes (GibcoBRL)

- Human Red Cell Agglutination Kit -  Redout (Robbins Scientific)

- Penicillin/Streptomycin 500U/500 Ig/ml (GibcoBRL,Park, UK), 

20ml.

- L-glutamine (GibcoBRL,Park, UK)

Sodium Pyruvate (GibcoBRL,Park, UK)

Fetal Calf Serum sterile filtered (Heat inactivated at 56°C for 30 

min) (Harlan seralab Ltd).

Phosphate Buffered Saline Dulbecco’s w/o calcium and magnesium 

and w/o sodium bicarbonate (GibcoBRL,Park, UK)

Chromium-51 (Sodium chromate in aqueous solution 37 mBq/ml 

Cr^^) (Amersham International).

PKH26-GL red fluorescent cell linker kit for general cell membrane 

labelling (Sigma, Aldrich)

Apoptest™- FITC Kit (Nexins Research, The Netherlands) 

Stauarosphorine (ST) (Sigma, Aldrich)

- EGTA (Sigma, Aldrich)

- Propidium Iodide (PI) lOmg/ml (Sigma, Aldrich)

- Flow Set Flurospheres (Coulter Electronics)

- Triton X (Sigma, Aldrich)

- Liquid nitrogen (BOC)

- De-ionized water (NBS)

20% Dimethyl sulphoxide (DMSO) (in RPMI-1640)

- 80% Fetal Calf Serum (FCS) (in RPMI-1640)

StemSep™ Magnetic Colloid (Stem Cell Technologies)

- Fix and Perm Permeabilization Kit (Caltag Labaratories)

- AB Serum (heat inactivated at 56 C for 30 min)(NLBTC).
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2.1.2 Cytokines:

- Interleukin-s, human (h-IL-2) dose lOOOu (5 Mg) (Boehringer 

Mannheim)

- Recombinant Human EL-12 (R&D Systems)

- Recombinant Human IL-15 (R&D Systems)

- Recombinant Human EL-18 (IGEF) (R&D Systems)

2.1.3 Monoclonal antibodies

Mouse IgGi :

Mouse IgG2a:

Mouse IgM:

Mouse IgGzb:

Mouse IgG] :

Mouse IgGza:

Mouse IgM Biotin: 

Mouse IgGi :

Mouse IgGi 1 k Purified: 

Rat IgGza:

Anti-CD57:

Anti-CD56

Anti-CD94 (KP43)

Anti-CD161: (NKR-PIA) 

Anti-Hu KIR:(NKB1) 

Anti-CD158a: (P58.1)

FITC Control (Coulter/immunotecb) 

FITC Control (Pbarminogen)

FITC Control (Coulter/immunotecb) 

FITC Control (DAKO)

PE Control (Coulter/immunotecb)

PE Control (Coulter/immunotecb)

Isotype Control (Coulter/immunotecb) 

PECy^ (Coulter/immunotecb) 

(Pbarmingen)

FITC Control (Pbarmingen)

FITC (Coulter/immunotecb)

FITC (Becton Dickinson)

PE (Coulter/immunotecb) Clone HP-3BI 

PE (Becton Dickinson) Clone DX12 

PE (Becton Dickinson) Clone DX 9

PE (Coulter/immunotecb) Clone EB 6 

Anti-CD 158b: (P58.1)PE (Coulter/immunotecb) Clone GL183 

Granzyme B\ FITC (Alexis Corporation)

APO-1 Fas Ligand: FITC (Alexis Corporation)

Human Fas (CD95/APO. 1 ) (Becton Dickinson)

CD95 (ZB4) IgGi mouse (Beckman Coulter)

Mouse anti-buman CD95: Purified (Pbarmigen)
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Custom Cocktail Cord blood for NK isolation consists of MoAB to 

cells expressing CD66e, CD34, and CD36 (Metachem Diagnostic)

NK Cell Enrichment Antibody Cocktail (StemSep™ antibody cocktail) 

consists of MoAB to cells expressing CD3, CD4, CD 14, CD 19, CD66e, 

and glycophorin A (Metachem Diagnostic).

Anti-CD69;

Anti-D14:

Anti-CD19:

Anti-CD33:

Anti-CD8:

Anti- CD4:

FITC (Pbarmingen)

PE (Pbarmingen)

FITC (Becton Dickinson) 

PE (Becton Dickinson) 

PE (Becton Dickinson) 

PE (Pbarmingen)

Table 2.1: List MoABs LIsed for NK Cell Markers and their Specificities
MoAB Clone Specificity

CD56

(NKH-1)

N901

(NKH-1)

human neuronal cellular adhesion molecule 

(N-CAM)

CD16 3G8 FcyRin receptors

CD57 NCI Carbohydrate antigen with a molecular 

weight of 110 kD.

CD161 DX12 human NKR-Pl

CD69 FN50 28/34 kD dimeric glycoprotein expressed 

early during activation of NK cells, other 

lymphocytes and monocytes
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Table 2.2: List of MoABs Used for MHC Class I NK Receptors

and their Specificities.

MoAB Clone Specificity

CD94 HP-3P1 Disulfide linked dimer of 43 kD subunits 

known as Kp43 or CD94.

CD158a GL183 p58.1 molecules (58 kDa) type I 

transmembrane, known as inhibitory 

receptors.

CD158b EB6 p58.2 molecules (58 kDa) type I 

transmembrane, known as inhibitory 

receptors

CDKIR 

Anti-Hu KIR 

(NKBl)

DX9 Human 70 kDa glycoprotein which is 

member of the p58/NK associated 

transcript (NKAT) family of class I 

receptors.

Table 2.3: List MoABs Used for Apoptosis and their Specificities.
MoAB Clone Specificity

CD95 (IgGi mouse 

Purified)

ZB4 ZB4 antibody inhibits apoptosis by blocking 

Fas antigen expression.

Fas Ligand H ll Fas Ligand expression, which is 40 kD type 

n  membrane protein.

CD95 (Purified 

mouse anti-buman)

DX2 45 kD transmembrane cell surface Fas 

(CD95).

Granzyme B B18.1 27 kD serine protease stored in the granules 

of cytotoxic T cells and NK cells.

Perforin ÔG9 Human perforin, a 70 kD cytolytic protein 

present in cytotoxic T and NK cells.
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Table 2.4: List Other MoABs Used and their Specificities
MoAB Clone Specificity

CD4 RPA-T4 TCR co-receptors on T cell

CDS RPA-T8 TCR co-receptors on T cell

CD3 UCHTl Human TCR complex

CD14 MSE2 Myelomonocytic cells

CD19 HIB19 B cell surface molecule

CD33 WMS3 67 kDa receptor expressed on 

myeloid progenitor cells, and 

monocytes.

2.1.4 Equipment

50 ml Sterile Polystyrene Tubes ‘Blue Max’ (Falcon 2070)

96 well U-Bottomed Polystyrene Plates, Sterile (CORNING Coster 

3799)

24 well flat bottom tissue culture plates falcon (Becton Dickinson)

- Bottle Top Filters 0.45um (CORNING Coster)

Filters 0.2um (CORNING Coster)

- 20 ml Sterile universal container (Sterilin)

Gamma Counter

1000 Hand Sealer Clips (Baxter)

- Heraeus (5%) CO2 incubator

StemSep columns 0.3” and 0.5” G (StemCell Technologies)

Jouan GR412 and CR3 centrifuge

- Cryo- freezing container (Nelgene)

- FACScan and FACSort flow cytometer running cell Quest software 

(Becton Dickinson)

81



2.1.5 Software

WINMDI software

Cellquest software (Becton Dickinson)

Sigma stat (statistical software version 2.03)

- Microsoft Excel 1997

2.2 Methods

2.2.1. Cell preparation

2.2.1.1. Blood samples

Human CB samples were collected ftrom healthy full term deliveries 

from the North London Cord Blood Bank after Ethical Committee 

approval. Buffy coats from APB were obtained from the North 

London Blood Center. All CB and APB samples used in the study 

were less than 24 hours old.

2.2.1.2 Preparation of CB and adult peripheral blood (APB) 

mononuclear cells (MNCs)

Prior to separation CB was incubated with a Redout at a 

concentration of lOOpl/lOml of blood for 5 minutes at room 

temperature to remove nucleated red cells and to improve the 

separation. Then both CB and APB were diluted at 1:1 and 1:2 with 

RPMI -1640 respectively. The blood was layered onto Ficoll to 

final ratio of 2:1 (blood: Ficoll) and centrifuged at 2500 rpm for 25 

mins. The MNCs at the interface were removed and the cells were 

washed three times with RPMI-1640 at 1500 rpm for 5 mins, 

followed by 10 mins wash RPMI-1640 at 800 rpm to removed 

contaminating platelets.
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2.2.I.3. Freeze-thawing cells

Aliquots of 5x10^ to 10x10^ cells of CB and APB were placed in 10% 

dimethylsulphoxide (DMSO) in 80% foetal calf serum sterile filtered 

(Harlan seralab Ltd), and the kept at -SO^C for 24 hours and then 

transferred to liquid nitrogen. To thaw vials they were immersed in a 

37°C water bath for 1 minute or until the sample was thawed. Cells 

were immediately washed 3 times with warm RPMI 1640 (37°C). The 

viability of the cells was assessed by trypan blue exclusion and was 

consistently above 90%.

2.2.1.4 Depletion of adherent cells

APB and CB MNCs were placed at concentration of IxlO^/ml in flat 

bottom 24-well plates with complete culture medium (CCM) for 18- 

24 hours at 37®C in 5% CO2 in order to remove adherent cells 

mainly (macrophages and monocytes). No exogenous stimulation 

was used. The non- adherent cells were then used as effector cells in 

the Cr^' release assay.

2.2.1.5 Purification of NK cells

NK cells were purified from APB and CB MNCs using negative 

selection procedure (Stem cell technologies Inc, Vancouver, Canada). 

Two monoclonal antibodies cocktails were used, the customized (for 

CB samples only), and the NK enrichment cocktails. Briefly, 50x1 oVml 

MNCs cells were first resuspended in Phosphate Buffered Saline (PBS) 

with 2-4% Fetal Calf Serum. The CB MNCs were first incubated with a 

100 pl/ml of customized cocktail on ice for 30 mins. This customized 

cocktail contained antibodies directed specifically against CD66e, 

CD34, and CD36. Then the cell suspension was treated with 100 pl/ml
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of enrichment cocktail to purify human NK cells and incubated for 30 

mins on ice as recommended by the manufacturer. This NK enrichment 

cocktail contains a mixture of antibodies to deplete cells expressing 

CD3, CD4, CD 14, CD 19, CD66e, and glycophorin A. This incubation 

was followed by labelling the cell suspension with 60p.l/ml of the 

magnetic colloidal for additional 30 mins on ice. Finally, the cell 

suspension was passed through a magnetic column to remove all the 

labelled cells (Figure 2.1). The enriched CD3-CD16+CD56+ cells left 

were washed for three times in PBS Dulbecco's, and were used in the 

flow cytotoxicity assay and phenotype studies.
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Purification of NK Cells (Negative Selection)

MAGNETIC COLUMN

Custom 
cocktail for 
CB only

Magnetic Colloid

i

NK enrichment 
cocktail

Ficoll MNCs 

Figure 2.1:

NK Cells 
(unlabelled)

##
Labelled Cells

P T 5

Enriched NK cells
(CD3-CD16+CD56+)
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Figure 2.11 Purification of NK cells from APB and CB MNCs. Two MoAB cocktails were used. The customized (for 

CB only) and the NK enrichment cocktails. Followed by the addition of magnetic colloid. The cells suspension is 

passed through a magnetic column to remove all the labeled cells. The enriched NK cells (CD3-CD16+CD56+) 

suspension is used in the phenotypic and functional studies.
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2.2.1.6. Culture of cell lines

The human erythroblastoid leukaemia cell line K562, and the Jurkat 

cell lines were maintained in CCM, which consists of RPMI 1640 

with L-Glutamine + Hepes containing 10% Fetal calf serum sterile 

filtered, L-glutamine, Penicllin / Streptomycin 500U/500 pg/ml. 

Sodium Pyruvate. The K562 and Jurkat cell lines were always 

maintained and used at the exponential phase for each experiment, 

and were not kept for more than 4 weeks.

2.2.1.7 Culture of purified NK cells with cytokines

Purified NK cells from APB and CB were cultured at 37 °C in 5 %

CO2 in CCM for 24, 48, 72 hours with and without cytokines at 

different concentrations. The concentrations of the cytokines used were 

as follows: recombinant IL-2 was used at a range of concentrations 

(0.1, 1, 5, 10, 50, 100, 200, 400 ng/ml); for IL-12 (0.1, 5, 10, 25, 50, 

100, 250, 500 ng/ml); for IL-15 (0.2, 0.5, 1, 2,10, 20, 40, and 100 

ng/ml), and IL-18 (0.1, 1,5, 10, 100, 500, and 1000 ng/ml). Cell 

cultures were initiated at a cell density of 10  ̂cells/ml. The cells were 

incubated with the cytokines for the times indicated above, then 

washed with RPMI and fresh culture media added at the day of each 

experiment. Activation was assessed by the ability of purified NK cells 

from APB and CB to kill K562 target cells, as measured by a flow 

cytometry assay. The optimal dose and incubation time for each 

cytokine was chosen based on the maximum activity.



2.2.2 Functional assay

2.2.2.1 release assay

Cytotoxic activity was measured by a standard 4-hour Cr̂  ̂ release assay. 

K562 target cells were prepared as follows 1x10^/ml cells that had been 

growing in culture cells were washed twice in RPMI 1640. The cells 

pellet was then resuspended with CCM and Cr̂  ̂and incubated at 37®C 

in CO2 for 2 hours. The target cells were then washed three times with 

RPMI 1640 to remove excess Cr^  ̂ that had not been incorporated into 

the cells and resuspended in CCM.

Effector cells are MNCs that were obtained from APB and CB were 

divided into two sets. One set was used immediately after adjusting 

the cell number in CCM and the other set was depleted for 18-24 hours 

in CCM as it has been described above. Chromium-labelled K562 cells 

were plated at constant numbers in 96-well U bottom plates (Coster, 

Cambridge, MA), then the effector cells were added at various effector: 

targets (E:T) ratios to a final volume of 200 ml/well. Each ratio was 

performed in triplicate. Then the 96-well plates were spun at 1500 rpm 

for 2 min to allow the effector and target cell to form conjugates before 

incubation. After 4 hours incubation at 37°C and 5% CO2, 

supernatants from lytic assays were harvested (Skatron Inc, Sterling,

VA) and the radioactivity was measured by the Gamma counter.

The percentage of cytotoxicity was calculated by using the 

following formula:

% Specific release = mean cpm (experimentalVmean cpm tspontaneousi xlOO 
mean cpm (maximum)- mean cpm (spontaneous)

Maximum and spontaneous Cr '̂ release were determined by incubating target cells in 

1% Triton X-100 detergent or in medium alone, respectively.
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2.2.2.2 NK flow cytotoxicity assay (FCA)

Fresh purified NK cells from APB and CB were incubated at different 

ratios (20:1, 10:1, 5:1, 2.5:1, 1.25:1) with the PKH26-GL labelled 

target cells at final volume of 400pl for 4 hours in CCM at 37 °C, in 5 

% CO2 incubator. After the incubation the cells were centrifuged and 

the supernatant was removed. Cells were then resuspended in 450pl of 

AV (250 ng/ml) (Apoptest™- FITC Kit Nexins Research, The 

Netherlands) and PI (10 pg/ml) (Sigma, Aldrich) in binding buffer (in 

the presence of Câ "̂ ) and incubated for 2-5 min. Samples were 

immediately placed on ice and analyzed by flow cytometry, and 5000 

events were acquired in the target gate. Background target cell death 

was determined from cells incubated in the absence of the effector 

cells. The percentage of killing was assessed by analyzing the PI 

and/or AV incorporated by the target cells. Specific percentage killing 

was calculated by using the following formula: % target cell death - % 

Background target cell death/ 100-Background death X 100. When 

indicated, ImM EGTA (Sigma, Aldrich) was added to the CCM with 

effector and target cells. Fas-blocking ZB4 (Ipg/ml) (Beckman 

Coulter) was incubated with the Fas+Jurkat cell line alone for 2 hours 

before the effector cells are added.

2.2.2.3 Target cells preparation for NK flow cytotoxicity assay:

One million/ml of the K562 and Jurkat cell lines were labelled with 

different concentrations of PKH26-GL red fluorescent dye and the 

optimal concentration to label the target cells was used according to the 

manufacture’ instructions (Sigma, Missouri, U.S.A). Briefly cells at 5 x 

10  ̂/ml in 1 ml of diluent C, where mixed with an equal volume of 

4 X 10'^ M PKH26-GL dye and incubaed at RT for 2 mins. The 

reaction was stopped by addition of 2 ml of AB serum and 1 min 

incubation at RT. The cells were then washed for three times with CCM 

and re-suspened at final concentration of 1 x 10^/ml in CCM.
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2.2.2 A Validation of the flow cytotoxicity assay

To validate the use of the PKH26-GL red fluorescent dye with the 

Annexin V-FITC the PI on the K562 cell line, apoptosis was induced 

by treatment of K562 cells with Staurosphorine (St) for 24 hours. St 

(an antibiotic used to induce apoptosis by protein kinase c inhibition) 

was used at a concentration of 1 mg/ml on two tubes containing 5 xlO^ 

/ml of K562 cell line. One set of K562 was pre-labeled with the 

PKH26-GL (4 x 10'  ̂M) and the other set was left unlabelled. Then 

both tubes were incubated at 37 ® C in 5% CO2 for 24 hours. A 

mixture of PI and AV in the binding buffer was added to the tubes 

before analysis by flow cytometry.

2.2.3 NK phenotype and receptor expression

2 .2 . 3.1 Immunostaining and flow cytometry analysis for NK cells 

purity assessment

Purified cells were stained with the relevant MoABs and examined for 

cell surface expression of NK cell markers by flow cytometry. To 

assess the purity the following (previously titrated) FITC or PE 

conjugated monoclonal antibodies to the specific markers and isotype 

controls were used: CD56, CD33, CD 19, CDS, CD 16, CD4, CD3 and 

CD 14. After 30 minutes incubation on Ice the cells were washed and 

analyzed by FACSCAN™ acquisition software (Becton Dickinson San 

Jose, CA). A minimum of 10000 total events was collected. NK cells 

were defined as CD3-CD56+CD16+ and were >90% pure.

2.2.3.2 NK cell markers and receptors analysis using the flow 

cytometry.

Purified NK cells were examined for cell surface expression of NK 

markers, CD69, FasL, and NK MHC class I receptors by flow 

cytometry. The NK markers included CD56, CD 16, and CD57.
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Receptor expression was studied using MoABs CD94 (Kp43), CDKIR 

(p70), CD158a (p58.1), CD158b (p58.2) and the CD161 (NKP-PIA).

2.2.3.3 Intracellular analysis of Granzyme B and Perforin.

NK cells cultured with the cytokines were permeabilized with ‘Fix and 

Perm’ solution according the manufacturers’ instruction. Then the cells 

were incubated with granzyme B and perforin MoAB as well as 

isotype controls for 30 minutes. The cells were washed once with PBS 

prior to flow cytometric analysis.

2.4 Statistical analysis

Statistical comparison was carried out using the Student’s paired ^-test. 

The Mann-Whitney Rank sum test was used if the samples were not 

normally distributed. Results were considered significant at/7<0.05. 

Both tests were done using Sigma Stat version 2.03 and microsoff 

Excel 1997.



Chapter 3

Assessment of Cord Blood MNCs Cytotoxicity 
Using the Cr®̂  Release Assay



3.1 Introduction:

There have been conflicting results regarding the cytotoxic capacity of 

CB NK cells. Many of the previous studies have shown that NK cells 

from CB have a reduced cytotoxic activity against K562 targets when 

compared with NK cells from APB (Bradstock et ah, 1993; McDonald 

et al 1992). In contrast other studies have reported similar lytic activity 

(Philips et ah, 1992; Polos and Klein 1979). However, most of the 

previously published studies have used the classical method for 

measuring NK cytotoxicity, which is the Cr̂  ̂ release assay. In this assay 

target cells are incubated with the Cr^  ̂ radioactive isotope which binds 

to the cellular protein. After labelling the free Cr̂  ̂ is washed away and 

the target cells are plated and co-cultured with the effector cells at 

different E:T ratios for 4 hours. The lytic activity of the cytotoxic cells 

is detected by their ability to lyse target cells which is detemined by the 

amount of Cr̂  ̂ released in the supernatant. Therefore, the Cr̂  ̂ release 

assay measures only end stage cell death i.e. necrosis (Hatam et al., 

1994).

In addition, it has been shown that depletion of monocytes by plastic 

adherence enhances adult NK activity, this is done routinely to analyse 

NK activity. However, very limited information is available on the 

effect of depletion on the total lytic activity of CB MNCs. Further, the 

mode of sample storage between BM and CB harvests are different. 

Generally, the BM is harvested and freshly infused into the recipient, 

but in the case of CB, it is normally collected and kept frozen for up to 

several years. Therefore, the effect of freezing must be taken into 

consideration when assessing the NK function in CB.

The aims of this study were (1) to assess the total cytotoxicity of MNCs 

from CB compared to APB; (2) to assess the effect of adherent cells 

depletion on the cytotoxic activity of CB MNCs; and (3) to measure the
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effect of freeze- thaw on cytotoxic ability of MNCs from CB compared 

to APB using the Cr̂  ̂ release assay.

3.2. Results

3.2.1, Total cytotoxic activity o f  APB and CB MNCs,

In order to determine the cytotoxic activity of MNCs obtained from CB 

(n=10) and APB (n=6) the Cr̂  ̂ release assay was carried out as 

described in the Materials and Methods chapter 3.

The results showed that the total cytotoxic capacity of fresh CB was 

lower than that of APB MNCs at all the E:T ratios, but that the 

difference was only statistically significant for the higher E:T ratios as 

shown in Figure 3.1 (AB vs. CB for 160:1 E:T 61+14 % vs 27±17% 

/?=0.001; for 80:1 E:T 47±22% vs 14±12% p=0.002; for 40:1 E:T 

33±17% vs 10±6% /?=0.002; for 20:1 E:T 19+ 4% vs.6± 4% /7=0.03; 

for 10:1 E:T 9+7% vs.4+ 3%p=02; for 5:1 E:T 4+7% vs.5±5%p=0.7 

respectively). Therefore, it can be stated that the lytic activity of CB 

MNCs is lower than that of fresh APB MNCs using the standard Cr̂  ̂

release assay.

3.2.2, The effect o f  adherent cells depletion on the total cytotoxic 

activity o f MNCs from APB and CB,

The effect of depletion of adherent cells on the cytotoxic activity of 

MNCs obtained from CB (n=10) and APB (n=6) was analysed using the 

assay performed as described in the Materials and Methods, chapter 2.

The results showed that depletion lowered the total cytotoxic activity 

of CB MNCs but the difference was only statistically significant; at 

20:1 E:T ratio (non depleted CB vs. depleted CB for 160:1 E:T 

27+18% vs.14+15%p= 0.09; for 80:1 E:T 14±12 vs. 8+10%p=023\ 

for 40:1 E:T 10±6% vs. 5±7% /?=0.1; for 20:1 E:T 6±4% vs. 2±1% 

p=0.008; for 10:1 E:T 4+3% vs. 2±3%p=0.2; for 5:1 E:T 5±2% vs. 

2±1%/7=0.05 respectively) as shown in Figure 3.2.
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In contrast, Figure 3.3 shows that depletion significantly enhanced the 

total lytic activity of APB MNCs except for the higher ratios (non 

depleted APB vs. depleted APB for 160:1 E:T 61±10% vs. 61±12% 

/?=0.9; for 80:1 E:T 47±22 vs 52±9%p=0.5; for 40:1 E:T 26±17% vs. 

44±10%/?=0.03; for 20:1 E:T 19±16% vs. 27±ll%/7=0.04; for 10:1 

E:T 12+9% vs. 18±12%;?=0.04; for 5:1 E:T 4±1% vs. 8±6%;?=0.04 

respectively). Therefore, depletion had lowered the cytotoxic ability of 

CB MNCs, and significantly enhanced the APB cytotoxic activity.
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Total NK Cytotoxic Activity of Fresh APB and CB MNCs Using the
Cr̂  ̂ Release Assay

70%

60% 0

40% :

30%

160:1 80:1 40:1 20:1

Bfectors/Target Ratios

APB Fresh 

CB Fresh

10:1 5:1

Figure 3.1: Total lytic activity of CB and APB MNCs. MNCs from APB have a higher cytolytic 
activity than CB. Results were expressed as a mean ± SD of APB=6 and CB=10. We assumed 
significance a tp< 0.05  (*).
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The Effect of Adherent Cells Depletion on Fresh MNCs from CB and APB Using Cr̂  ̂Release
Assay
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Figure 3.2:The effect of adherent cells depletion on CB 
cytolytic activity. Results were expressed as a mean ± SD of 
CB n=10*/?<0.05 .

Figure 3.3: The effect of adherent cells depletion on APB cytolytic 
activity. Results were expressed as a mean ± SD of APB n=6 * p<0.05

Non Dept-Non Depleted (fresh) 
Dept= Depletion of adherent cells

97



3.2.2. The effect offreeze-thaw on the N K  cytotoxic activity o f  APB 

and CB MNCs.

The effect of freezing and thawing on MNCs from APB (n=6) and CB 

(n=8) activity was also examined. The results showed that the total 

cytotoxic activity of MNCs from both APB and CB were reduced after 

freezing and thawing. The cytotoxicity of the frozen-thawed CB 

samples was lower than fresh CB at all E:T ratios , but this effect was 

only statistically significant at the highest and lowest ratios used, (160:1 

and 5:1 E:T ratio respectively). Fresh CB vs. freeze thawed CB for 

160:1 E:T 27±18% vs. 9±6%/7=0.01; for 80:1 E:T 14±9% vs. 9+8% 

p=03; for 40:1 E:T 10±6% vs. 8+6%p=0.2\ for 20:1 E:T 6±4% vs. 

3±4%/?=0.07; for 10:1 E:T 4+3% vs. 2+2%/?=0.2, for 5:1 E:T 5±5% 

vs. 0%/7=0.01 respectively as shown in Figure 3.4.

In the case of APB, the effect of freezing and thawing on the cytotoxic 

activity is shown in Figure 3.5 and the results showed that fresh vs. 

freeze thawed APB for 160:1 E:T 61+10% vs. 16±13% j9=0.0003; for 

80:1 E:T 47+21 % vs. 11±7%p=0.013; for 40:1 E:T 26±17% vs. 6±4% 

jo=0.009; for 20:1 E:T 19±16% vs. 3±2%/7=0.03; for 10:1 E:T 9±12% 

vs. 1±1%/?=0.07, for 5:1 E:T 4±0% vs. 0%/?=0.33 respectively. 

Therefore, the cytotoxicity of frozen -thawed APB MNCs was 

significantly lower at almost all ratios compared to fresh samples.

Furthermore, Figure 3.6 shows that there were no difference in the total 

lytic activity between APB and CB MNCs on the frozen thawed 

samples using the Cr̂  ̂release assay and K562 cell line as a target (APB 

vs. CB frozen thawed for 160:1 E:T 17±1% vs. 6.4±3%/?=0.12; for 

80:1 E:T 11±14% vs. 14±9%p=0.8; for 40:1 E:T 6±1% vs. 6±7% 

p=0.9\ for 20:1 3±4 vs. 3±4%/?=0.9; for 10:1 E:T 11 ±4% vs. 2.3±2% 

/7=0.3; for 5:1 E:T 0% vs. 0.5%p=0.8 respectivley).
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The Effect of Freezing-thawing on NK Cytotoxic Activity of CB and APB M NCs Using Cr̂ ^
Release Assay
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Figure 3.4: The effect of freezing on CB (n=8) cytotoxicity. Cytotoxicity was 
assessed on fresh and after freeze-thawing CB samples. The cytolytic activity of 
CB was reduced after freeze-thawing but the difference was not statistically 
significant except for 160:1 and 5:1 ratiosp  < 0.05.

Figure 3.5:. The effect of freezing on APB (n=6) cytotoxcity. Cytotoxicity was 
assessed on fresh and after freeze-thawing APB samples. The cytolytic activity of 
APB was reduced significantly after freeze-thawing */?<0.05. But no significant 
difference was observed at the lower ratios.
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The Effect of Freeze- thawing on NK Cytotoxicity of APB and CB MNCs
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Figure 3.6:. Comparison between NK cytotoxic activity of APB and CB frozen 
thawed samples. The total NK cytotoxicity of both APB and CB MNCs was reduced 
and no significant difference was observed. Results were expressed as a mean ± SD 
of 8 CB and 6 APB samples.
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3.3 Discussion

The results presented on this study showed that by using the Cr̂  ̂ release 

assay it has been shown that the total cytotoxic activity of CB MNCs is 

lower compared to APB. However, it was also found that three out of 

ten CB samples used had cytotoxic activity comparable to that of APB. 

This explains the higher standard deviations on the CB samples. The 

reason for this variability are unknown, since CB blood samples were 

collected from a London cord blood bank and the collection procedures 

were validated and standarized. Also they were stored for less than 24 

hours before being used for the experiments. All CB samples were 

collected during normal uncomplicated births. However, other aspects of 

medical histories of the pregnancy were not known and it could be 

possible that such unknown might affect the diversity. These differences 

could explain the previous conflict on the results that was described 

elsewhere.

Another possibility for the lower cytotoxic activity in CB could be the 

reduced number or percentage of NK cells within the MNCs population. 

Although the percentage of NK cells were not measured in this part of 

the study, Gaddy et al have shown that CB samples with a low 

percentage of CD56+ lymphocytes have higher NK activity, and 

conversely CB samples with a high percentage of CD56+ lymphocytes 

have a lower level of NK cytotoxicity (Gaddy et al., 1995). Therefore, 

there is no correlation between the number of NK cells and the cytotoxic 

activity in CB samples.

The main disadvantage of using the total MNCs is a lack of assessment 

of the true potential of the NK cells. In other words, NK cell 

cytotoxicity is being assessed within a MNCs population that could be 

contaminated with CD8+ cells and/or other cells that might influence the 

total cytotoxicity.

101



Regarding the release assay it has been known that this assay 

measures only end stage total lytic activity of the labeled targets. 

Therefore, it can be concluded that the results reflect only necrotic death 

of the target cells, without any consideration for the possible role of the 

effectors on the total cytotoxicity. Further, it is important to mention 

that the methods used for measuring necrotic cell death may not always 

reflect the potential of natural cytotoxicity in vivo, given that apoptosis 

is the physiological form of cell death in vivo. We have shown in this 

thesis that CB purified NK cells have the ability of inducing apoptotic 

death of the targets, and therefore, the true potential of CB NK cell was 

under estimated by using the Cr relaese assay and MNCs.

Very little information is available on the effect of on the CB cytotoxic 

capacity. It is known that adherent cells depletion of APB enhances the 

adult cytotoxic ability. The mechanisms in which depletion enhances 

adult cytotoxic capacity is unknown. It could be due to elimination of 

inhibitory prostaglandins produced by monocyte, or by enriching for, or 

activating the NK cell population.

The results in this study show that adherent cells depletion lowered the 

total cytotoxic activity of CB while significantly enhancing the APB 

cytotoxic activity. This could be due to the general immaturity of CB 

monocytes. However, Dominguez E et al had found that adherent cells 

depletion had no significant effect on CB NK activity compared to APB 

using the flow cytometric method for measuring NK necrotic cell death 

(PKH26-GL/PI) (Dominguez et al., 1998). The PKH26-GL/PI flow 

method is a more sensitive assay than the Cr^  ̂release assay in detecting 

necrotic cell death, and that this might explain the discrepancies 

observed between the two results.
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In this study it has been shown that the total cytotoxic activity of MNCs 

from both APB and CB were reduced after freezing and thawing using 

the Cr̂  ̂release assay. However, it has been reported that by using the 

flow method (PKH26-GL/PI), the freeze thawing technique can restore 

the NK activity in CB, and reduced the NK activity of APB (Dominguez 

et al., 1998). The reason for this appeared to be the presence of 

suppressor factors in CB serum which could influence the CB NK 

activity (Dominguez et al., 1998). However, it has also been reported by 

Marti F et al that cryopreserved NK cells had a reduced activity when 

compared to fresh cells (Marti et al., 1993). The results shown in this 

study excluded the effect of serum factors that might have lowered the 

level of CB lytic activity on fresh samples and are in agreement with 

Marti et al since in both CB and APB the total lytic activity was reduced 

after freezing.

3.4 Summary of the results

The results showed that by using the Cr̂  ̂ release assay the percentage of 

total cytotoxic capacity of CB MNCs population was lower than APB 

MNCs and this difference was statistically significant. Depletion of 

adherent cells enhanced the APB total NK cytotoxic activity but had the 

opposite effect on CB cytotoxic capacity. Furthermore, freezing of the 

MNCs lowered the total lytic activity of both APB and CB MNCs 

compared to the fresh samples.
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Chapter 4

Development of A Novel Flow Cytometric 
Assay to Study the Cellular Mechanisms of NK 
Cytotoxicity (Apoptotic vs. Necrotic Cell Death)
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4.1. Introduction

Historically, most cytotoxicity studies have been based on the necrosis 

model systems. In this regard the Cr̂  ̂ release assay is considered the 

classical method for measuring NK cytotoxicity but only detects the end 

stage of cell death i.e. necrosis (Hatam et al., 1994). More recently 

another method has been used to measure NK cytotoxicity based on flow 

cytometry with propidium iodide (PI) and the PKH26-GL dye. PI binds 

the cellular DNA when the cell membrane is compromised therefore PI 

measures only necrotic or end stage cell death. The PKH26-GL is a cell 

membrane florescent dye that is used to label targets cells. While the use 

of the PI and PKH-26-GL flow cytometry method allows the effectors 

(unlabeled with PKH26-GL) and the target (labeled with PKH26-GL) 

cells to be discriminated, only the necrotic and not the apoptotic pathway 

can be measured. Apoptosis can however be measured by using Annexin- 

V (AV), which is a Ca^  ̂dependent phospholipid- binding protein with 

high affinity for phosphatidylserine (PS) Figure 4.1. PS will be 

translocated from the inner side of the plasma membrane to the outer 

layer during early phases of apoptosis where it will become exposed on 

the external surface of the cell. With the use of AV and PI, apoptosis and 

necrosis can be measured by flow cytometry whereby it is possible to 

discriminate between intact cells (AV-/PI-), early apoptotic cells 

(AV+/PI-), late apoptosis cells (secondary necrotic cells) (AV+/PI+), and 

loss of cell membrane integrity AV-/PI+ (Vermes et al., 1 1995^). 

However, this technique does not distinguish which cell (effector or 

target) is dying. In order to measure necrosis, early and late apoptosis, 

and also be able to distinguish effectors from targets, a combination of 

the previous two methods (PI/PKH26-GL and AV/PI) was performed. As 

a result, this flow cytometric method can measure early and late 

apoptosis, necrosis and provide information on the relative contributions 

of the effectors and targets to the cytotoxicity.
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Apoptosis is a physiological form of cell death in vivo (Kerr et ah, 1994). 

As stated previously a number of mechanisms can be involved in the 

apoptosis of the target cells including; Fas/Fas-ligand interaction (Lee et 

ah,1996; Lowin et ah,1994), perforin/granzymes (Lee et ah,1996; Lowin 

et ah, 1994), or tumor necrosis factor-a (TNF-a) (Lee et ah, 1996). These 

three cytotoxic pathways are also involved in the pathogenesis of GVHD 

(Baker et ah, 1997; Griffiths and Mueller 1991; Speiser et ah, 1997; Via 

et ah, 1996). However, apoptosis induced by TNF-a is relatively slow, 

while both granzyme B, and Fas/FasL mediated apoptosis occur rapidly 

and therefore can be measured in short term assays (4 hours) (Lee et ah, 

1996; Lowin et ah, 1994). It is important to determine which of the 

cytolytic pathways is primarily used by CB NK cells.

In order to investigate the cytotoxic pathways involved in NK 

cytotoxicity from CB and APB, the K562 cell line was used to study the 

perforin/ granzyme B pathway; and the Jurkat cell line was used to study 

the Fas/FasL pathway using the new flow cytometric method. EGTA was 

used to block the Ca^  ̂dependent pathway, and anti-Fas (Fas-neutralizing 

ZB4 MoAB) was used to block the Fas/FasL dependent pathway. Also, 

purified NK cells, which are more specific (CD3-CD16+CD56+) rather 

than the MNCs were used.

The aims of this study were (1) to develop a more relevant system to 

examine the CB NK capacity in inducing apoptotic target cell death; and 

(2) to determine whether CB NK cells use the same molecular 

mechanisms to induce target cell death as to APB NK cells.
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Exposure of Cell Membrane Phosphatidylserine During Apoptosis
FITC label
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oooooooooo
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Figure 4.1: The loss of membrane lipid asymmetry during apoptosis. Normal live eell maintains asymmetric lipid bilayer 
composition with PS molecules (green circle) facing the cytosol. During apoptosis the PS molecules become exposed at 
the outer membrane leaflet. Annexin V can then bind in high affinity to the expressed PS in the presence of Ca^^ (taken 
from van England et al., 1998). 107



4.2. Results
4,2.1 Validation o f the newly developed flow cytomeric method to 

detect NK cytotoxicity.

Two sets of K562 cells (labelled and unlabelled with PKH26-GL) 

previously treated with St for 24 hours, were analysed in order to 

demonstrate that the PKH26-GL red fluorescent dye does not induce 

apoptosis. The results are shown in Figures 4.2 (a, b, c) and 4.3 (a, b, c). 

The R1 gate (red) in Figures 4.2a and 4.3a indicates the dead cells, while 

the R2 gate (green) indicates the live cells as defined by the change in the 

FSC-H parameter. The AV /PKH26-GL (FL1/FL2) dot plots show the 

total cell death (upper right UR and lower right LR) as demonstrated in 

Figure 4.2b, and only in the LR in Figure 4.3b. Accordingly, in Figure 

4.2b it is possible to differentiate between labelled and unlabelled dead 

cells, but this discrimination is not possible in Figure 4.3b (LR).

The AV/PI dot plots, presented in Figure 4.2c and 4.3c, show that 

PKH26-GL does not have a significant effect on the total apoptotic target 

cells death ie early apoptotic and the late apoptotic cell (secondary 

necrosis) death, since the percentage is approximately the same in both 

labelled and unlabelled cells (88% vs. 90% respectively).

In order to asses the background death of the target cells, PKH26-GL 

labelled K562 cells were incubated alone for 4 hours followed by the 

addition of a mixture of PI /AV at the end of the incubation period. The 

results are shown in Figure 4.4 (a, b, c, d). Figure 4.4c shows the 

background death of the target cells. The early and late apoptotic target 

cells death was 7% and 2.1% respectively. Figure 4.4d represents a 

histogram of the labelled and unlabelled target cells.

The results of the adult NK cytotoxic capacity on the K562 target cells 

are shown in Figure 4.5. Figure 4.5a represents effector and target cells 

on forward and side scatter dot plot. The cytotoxicity assay was 

performed at different E:T ratios, and the dot plot is a representative 

sample of the 5:1 (E:T) ratio. The R1 gate represents the target cells.
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while the R2 gate represents the effector cells. Figure 4.5b shows the 

FSC-H / FL2 (PKH26-GL) dot plot which was formatted on the target 

cells gate (Rl). The R3 gate represents the PKH26-GL positive cells and 

includes dead and live targets. The AV/PI dot plot was formatted on the 

R3 gate (Figure 4.5c), and shows the percentage of early and late 

apoptotic target cell death (17 % vs. 41% respectively). The percentage 

of the total apoptotic cell death of the effectors at the end of the 

incubation period with the targets were 7.5% and 16% respectively as 

shown in Figure 4.5d. The quadrant set was based on the targets and 

effectors alone at the end of the incubation period.

Also, the percentage of early and late target cells death induced by purified 

NK cells from APB (n=3) at 5:1 E:T ratio is 15 ± 5% vs 40 ± 7% 

receptively. Therefore, the results of target cells death using the new flow 

cytometric assay was repreducible since the standard deviation of the three 

adult samples tested in replicate and used for the validation was 

comparible.
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K562 TREATED WITH STAUROSPHORINE WITH AND WITHOUT PKH26-GL 
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Figure 4.2 and 4.3: The results of the two sets of K562 cell line (labelled and unlabelled with PKH26-GL) previously 

treated with St for 24 hours are shown in Figures 4.2 and 4.3 (a,b, & c). The R l gate (red) in Figures 4.2a & 4.3a indicates 

the dead cells, while the R2 gate (green) indicates the live cells as defined by the change in the FSC-H scatter. The 

AV/PKH26-GL (FL1/FL2) dot plots show the total cell death (upper right UR and Lower right LR) as demonstrated in 

Figure 4.2b, and only in the LR in Figure 4.3b. Figure 4.2b can differentiate between labelled and unlabelled dead cells, 

while this discrimination is not possible in Figure 4.2b (LR). The AV/PI (FLI/FL3) dot plots show that PKH-26-GL does not 

have an effect on the early and late stage apoptotic cell death since the percentage of cell death is approximately the same as 

shown in Figure 4.2c & 4.3c.
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Background Death of Target Cells
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Figure 4.4: The background death of the target cells is 
shown in figure 4.4 (a,b,c,d)- Unlabelled and PKH26-GL 
labelled K562 cells are presented on FSC-H/PKH26-GL 
(FL2) dot plots as shown in figure 4.4a & 4.4b 
respectively. Figure 4.4c represents the background death 
of target cells (K562 cell line) after 4 hours incubation 
without the effectors. Figure 4.4d represent a histogram of 
the labelled and unlabelled target cells. The total cell death 
is 7.2%. The percentage of early and late apoptotic target 
cells death in 7% and 2.1% respectively.
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Validation of the Newly Developed Flow Cytometric Assay Using Purified NK Cells from APB. 
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Figure 4.5: The Figure shows the results of the adult NK cytotoxicitiy. The effector and 
target cells are presented on forward and side scatter plots (Figure 4.5a). The targets are 
K562 cells and effectors are freshly purified NK cells from APB. The cytotoxicity assay 
was performed at a range of different E:T ratios, and the plot is representative of the 5:1 
ratio after 4 hours incubation. The Rl gate represents the target cells, while the R2 gate 
represents the effector cells. Figure 4.5b shows the FSC-H / FL2 (PKH26-GL) plot 
which was formatted on the target cells gate (Rl). The R3 gate represents the PKH26- 
GL positive cells and reflects the dead and live targets. AV/PI plot (Figure 4.5c) is 
formatted on the R3 gate, and shows 17% early apoptotic, and 41 % late apoptotic target 
cell death. Figure 4.5d shows the early and late apoptotic effector cells death at the end 
of the incubation period. These are 7.5% and 16% respectively. The quadrant set is 
based on the targets and effectors alone at the end of the incubation period. | ; 3



4.2.2. Early and late apoptotic activity o f  freshly purified NK cells 

from CB and APB.

In order to measure the capacity of the CB effector cells to induce 

apoptosis on the target cells, the cytotoxic activity of freshly purified NK 

cells from CB was measured against K562 targets by using the flow 

cytometric method. Figure 4.6 (a, b, c, d) are representative example of 

the data obtained from APB and CB NK cells using a 5:1 ratio. The 

proportion of cells showing early evidence of death was similar between 

adult and cord samples (18% vs. 14% for APB and CB respectively) as 

shown in Figures 4.6a and 4.6b. In contrast, the percentage of late 

apoptosis induced by APB NK cells was significantly greater than their 

counterparts in CB (56% and 9.2% respectively) /><0.05.

The percentage of the total effectors apoptotic death at the end of the 

incubation period with the K562 targets is shown in Figures 4.6c and 

4.6d. As it can be seen there is a higher percentage of apoptotic effector 

cells death in CB than in APB (41% vs. 8% respectively).

The results of early apoptotic target cell death for all the experiments at 

different ratios are shown in Figure 4.7, and it can be seen that CB (n=7) 

NK cells have the capacity of inducing apoptosis as in APB (n=6), and 

the difference was not statistically significant (APB vs. CB for E/T of 

20:1 13+10% vs. 25±14%/7=0.14; for 10:1 18±14% vs. 25+17%p=0.5\ 

for 5:1 16±13%vs. 25117%;?= 0.3; for 2.5:1 22111% vs. 16116% 

j9=0 .5 ; and for 1.25:1 14114% vs. 1718%p=0.1 respectively).
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Early and Late Apoptotic Cel! Death of Freshly Purified NK Cells From APB and CB
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Figure 4.6: Cytotoxic activity of freshly purified NK cells from APB and CB was measured against K562 targets by 

using the new flow cytometric method as shown in Figure 4.6 (a, b, c, d). The cytotoxicity assay was performed at a 

range of different E:T ratios, and the plots are a representative of the 5:1 E:T ratio after 4 hours incubation. Fresh APB 

and CB NK cells can kill K562 targets by apoptosis 18% vs. 14% for APB and CB respectively. The percentage of late 

apoptotic target cell death is 56% vs. 9.2% for APB and CB respectively. Figures 4.6c and 4.6d show percentages of the 

effector cell apoptotic death at the end of the incubation period with the K562 targets, this is higher in CB than in APB 

(41% vs. 8% respectively), and the difference is statistically significant p<0.05.
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Early Apoptotic Tarçet Cells Death Induced by Freshly 
Purified NK Cells from APB and CB
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Figure 4.7:
The results of early apoptotic target cell death induced by APB (n=6 ) and CB (n=7). CB NK cells show 
lower capacity of inducing apoptosis on K562 target cells but the difference is not statistically significant 
between CB and APB. The figure shows mean ± SD at the E:T ratio indicated. The student’s paired /-test 
was used to compare APB and CB data. 117



4.2.3. Granule exocytosis - dependent and independent cytotoxicity o f  

CB NK cells.

To investigate the killing mechanisms used by CB and APB NK cells 

both the K562 and Jurkat cell lines were used as target cells. EGTA was 

used to block the Ca^  ̂dependent perforin mediated pathway, while Fas 

neutralising ZB4 MoAB was used to block the Fas/FasL dependent 

pathway.

Figure 4.8 shows that the apoptotic target cell death induced by purified 

NK cells from both APB (n=3) and CB (n=5) effectors on the K562 

target cells at a ratio of 5:1 E/T without EGTA was 6 6 ± 6 % vs. 44+12% 

respectively and the difference was statistically significant between the 

APB and CB (p=0.03). However, when using the EGTA, the apoptotic 

death of the targets was decreased to 9±4% in APB vs. 7±5% in CB and 

the difference was statistically significant (before and after EGTA 

treatment /?<0 .0 0 1 ).

Figure 4.9 (a and b) show the apoptotic death of Jurkat cells induced by 

purified NK cells from both APB and CB. The results show that without 

the use of Fas neutralizing mAh, or EGTA, the percentage of cytotoxic 

death at a ratio of 5:1 was 77 ±18% vs. 64 ± 21% for APB and CB 

respectively (p=0.4), while with the use of Fas neutralizing ZB4 MoAB 

only the apoptotic death was decreased to a median cell death of 2 0 % 

(range: 27-11) vs. median death of 8% (range: 30-0) for APB and CB 

respectively (p<0.05) as shovm in Figure 4.9 (a and b). Similarly when 

only EGTA was used the apoptotic target cell death was decreased to a 

median of 25% (range: 31-1) vs. a median of 10% (range: 45-0) for APB 

and CB respectively/><0.05. However, the cytotoxicity was completely 

inhibited when both the Fas neutralising ZB4 MoAB and the EGTA were 

used. Figure 4.10 (a and b) shows the expression of Fas on Jurkat cell 

line compared to the absence of Fas expression on K562 cell line.
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These findings suggest that killing of K562 target cells by purified NK 

cells from both APB and CB is completely Ca^^ granule exocytosis 

mediated, but that, the killing of the Jurkat cell line is only partially 

dependent on this pathway. Also, killing of the Jurkat cells is only 

partially inhibited by Fas neutralising ZB4 MoAB, but the total 

cytotoxicity was completely abolished when both EGTA and Fas 

neutralising mAh were used. The results suggest that fresh purified NK 

cells from both APB and CB use both the granule exocytosis mediated 

dependent and independent (Fas/FasL) cytotoxcitiy to kill target cells.
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Granule -Exocytosis Dependent Cytotoxicity 
of Purified NK Cells fix)m APB and CB
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Figure 4.8:
Purified NK cells from APB and CB were tested against K562 target cells using the flow 

cytotoxicity assay with and without EGTA. The apoptotic target cells death was significantly 
decreased with the use of EGTA in both APB and CB Analysis was performed after 4 hours 
incubation of the effectors and target at 5:1 ratio. This data is a mean ± SD of 5 CB and 3 APB 
samples, p  value compares the percentage of killing without the blockade (medium) and with 
blockade (EGTA). **;?<0.01.
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Granule Exocytosis Dependent and Independent Target Cell Death Induced by Purified NK Cells from
APB and CB
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Figure 4.9:

Purified NK cells from APB and CB were tested against Jurkat target cells using the flow cytotoxicity assay. Cytotoxicity assay was 

performed in medium, with EGTA, with Fas-neutralizing ZB4 MoAB, and with both EGTA and Fas-neutralizing ZB4 MoAB 

together. With the use of EGTA or Fas- neutralizing ZB4 MoAB there is partial inhibition of NK activity from both APB (a) and CB 

(b). Complete inhibition is observed when both EGTA and Fas- neutralizing ZB4 MoAB were used in both APB (a) and CB (b). 

Analysis was performed after 4 hours incubation of the effectors and target at 5:1 E:T ratio. This data is a median of 5 CB and 3 

APB sam ples.value compares the percentage of killing without the blockade (medium) and with blockade (EGTA and /or Fas- 

neutralizing ZB4 MoAB). * * / 7<0 .0 1.
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The Expression of Fas Antigen on K562 and Jurkat Cell Lines
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Figure 4.10: Fas antigen is not expressed on K562 cell line (a). Fas antigen is expressed on Jurkat cell line (b) 
using purified mouse anti-human CD95 MoAb.
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4.3. Discussion

Given that apoptosis is one of the primary mechanisms involved in cell 

mediated cytotoxicity, and given that most of the cytotoxic methods used 

so far to measure NK activity have been designed to measure loss of 

membrane integrity, the new flow cytometric method was used to assess 

the ability of CB NK cells to induce target cell death.

In the present study using AV/PI/PKH26-GL flow method it has been 

observed that fresh purified NK cells from CB and APB can induce early 

apoptotic target cell death. Umemoto et al have previously shown that 

fresh CB-NK cells are able to induce apoptosis on K562 cell line, using 

the flow cytometry AV/PI method (Umemoto et al., 1997). Therefore, 

since the effector mechanisms leading to both GVL and GVHD involve 

the apoptotic pathway, CB NK may potentially be able to induce GVL 

and GVHD similar to that produced by APB NK cells.

Furthermore, in vivo membrane changes that occur in apoptotic cells 

express phosphatidylserine (a lipid normally confined to the inner plasma 

membrane leaflet on healthy cells) on the external surface of the plasma 

membrane. This appears to trigger phagocytosis by macrophage, 

presumably by recognition of surface phosphatidylserine via its receptor 

on the macrophage. Since this is an in vitro system, with time the late 

apoptosis (secondary necrosis) is recognised with PI, which enters the 

cell but does not bind to the DNA of the cell (AV+/PI+)(Honda et al., 

2000). Therefore, the term secondary necrosis can indicate the 

postapoptotic status normaly found under in vitro conditions where no 

phagocytes are present (Vermes et al., 1997).

Most of the cytotoxicity assays that have been used so far have focused 

on the ability of the effector cells to kill the target cells, very little 

information is available on the contribution of the effector cells to the 

total cytotoxicity observed during the incubation period. The technique 

presented in this study can provide information on the relative 

contribution of both the effector and target cells to the total cytotoxicity.
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The results show that the total death of the effector cells at the end of the 

4 hours incubation is higher in CB than in APB, indicating that cord 

blood NK cells not only induce apoptosis on target cells, but can also 

undergo self-apoptosis. It has been reported by Taga et al. and Yamauchi 

et al. that IL-2 activated NK cells, but not unstimulated NK cells have 

higher apoptotic death after incubation with the K562 target cells due to 

role of CD 18 in the signaling pathways and also involves the protease 

activities on the activated NK (Taga et al., 1996; Yamauchi et al., 1996). 

Therefore, the increase in the apoptotic effector cells death among CB 

NK cells could be probably due to that CB NK cells have different cell 

signaling pathway during effector targets cell interaction. Further, studies 

to investigate the signaling during CB NK cells interaction with targets 

cells are needed.

Apoptosis of effectors cells at the end of the incubation period may have 

an important implications for regulation of inflammatory process 

involving NK cells. Early in the course of viral and bacterial infections,

NK cell becomes activated to proliferate, and to maximize their cytotoxic 

functions. As a result NK cells may play a major role in directing the 

immune response to viral, and bacterial. Later in the course of infections, 

and antigen specific T cell mediated responses are established, the need 

for antigen nonspecific functions may be decreased and further expansion 

of NK cells may not be needed. The death of the effectors after incubation 

with targets could provide a mechanism of NK regulation during the 

initial phase of the immune response.

In the of context HSCT, it is known that NK cells are involved on the 

effector phase of the development of acute GVHD. Further it is most likely 

that the role NK cells during the induction/effector stage of GVHD is through 

the production of cytokines that participate in the enhancement of GVHD 

response. Since CB effector cells death is higher than APB, that could 

explain the reduced severity of acute GVHD observed following CBT.
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It has been reported that the K562 cell line, which is the classical target 

cells used to measure NK cytotoxicity, is relatively resistant to undergo 

apoptosis due to the presence of the bcr-abl complex (McGahon et al., 

1994). However, the present study confirms previous finding reported by 

Umemoto et al and Riordan F et al have confirmed that the K562 cell 

line can be killed by apoptosis (Riordan et al., 1998; Umemoto et al., 

1997). The apoptotic death of K562 that was observed is most likely due 

to the action of perforin and granzyme B Figure 4.8 and 4.9, since the Fas 

and TNF-oc mechanisms, are not active on this cell line (Munker et a l ., 

1997; Smyth et al., 1995).

Recently, two predominant molecular mechanisms of lymphocytes- 

mediated cytotoxicity have been described. The perforin/ granzyme 

pathway a Ca^  ̂dependent granule exocytosis, and the Fas/FasL pathway 

which is activated when the Fas receptor is expressed on target cells. In 

this study the Ca^  ̂dependent cytotoxicity mediated against K562 target 

cells by purified APB and CB NK cells was significantly inhibited by the 

use of EGTA. These results are in agreement with those reported by 

Gaddy et al 1997 in which ConA was used to block the Ca^^ dependent 

perforin and granzyme B cytotolytic pathway against K562 target cells 

(Gaddy et al., 1995). The ConA blocking inhibited the cytotoxicity 

completely even after addition of PMA and ionomycin, which are known 

to induce the granule exocytosis and therefore can increase the lytic 

activity. Therefore, these results and other published data confirm that 

CB NK cells can kill K562 target cells by the Ca^  ̂dependent 

cytotoxicity mediated pathway.

The Fas/FasL cytotoxicity pathway or the Ca^  ̂independent mediated 

against the Jurkat cells by NK cells from APB and CB was only partially 

inhibited by the presence of the Fas blocking mAb, or the EGTA alone. 

However, when both the Fas blocking mAb and the EGTA were used 

together a complete inhibition was observed suggesting that both APB 

and CB NK cells have the capacity of inducing cell death of the Jurkat
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cell line by both the Ca2+ and Fas/FasL dependent pathways. Montel et 

al have reported that adult human NK cells can utilize both the granule 

exocytosis and the Fas lytic pathway (Montel et ah, 1998). Also, Zamai et 

al have reported that Ca^  ̂dependent granule exocytosis, and Fas/FasL 

dependent cytotoxic mechanisms account for most of the cytotoxic 

activity of mature NK (CD16+CD56+CD3-) cells (Zamai et ah, 1998). 

The results presented here using purified cells (CD16+CD56+CD3-) 

clearly indicate that CB NK cells can also utilize both mechanisms to kill 

target cells.

4.4 Summary of the results

This chapter describes a new cytotoxic assay for measuring NK cell 

induced apoptotic and necrotic target cell death as well as providing 

information on the relative contribution of the effectors and targets on the 

total cell death. Using this method it was found that CB NK cells could 

kill target cells by apoptosis. Furthermore, the apoptotic cell death among 

the CB NK effectors was higher than that of the APB NK effectors. 

Finally, under these experimental conditions both Ca^  ̂dependent and 

independent (Fas/FasL) cytotoxic pathways appear to be used by purified 

NK cells from CB.
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Chapter 5

The Effect of IL-2, IL-12, IL-15 and IL-18 
Cytokines on The Phenotype, NK Receptor and 
on The Functional Activity of Purified NK Cells

from APB and CB.
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5.1. Introduction:

In the development of GVHD, following stem cell transplantation, three 

phases of immune response occur. There is an induction phase where T 

cells are activated by histoincompatibilities; a response phase 

characterised by cytokine production and further activation of T cells 

and accessory cells, and the effector phase where cytokines and activated 

effector cells like NK cells, cytotoxic T cells, to damage tissues 

producing the pathology of graft versus host disease (GVHD) (Hakim 

and Mackall 1997). Antin and Ferrara postulated that a dysregulated 

pro-inflammatory ‘cytokine storm’ is responsible for the clinical 

manifestation of GVHD (Antin and Ferrara 1992). Also, a mouse model 

of acute GVHD has confirmed the role of cytokines in the pathogenesis 

of GVHD and has shown that the spectrum of cytokines involved and 

the kinetics of expression may differ in different tissues affected by 

GVHD (Baker et al., 1995). Further, in addressing the GVL effect 

following allogeneic BMT for hematologic malignancies, there is a good 

evidence that T lymphocytes play an important role in the GVL effect. 

However, the role of NK cells is less clear. NK cells are among the first 

immune cells to recover after BMT. Therefore, NK cells may be the 

main effectors of GVL in the early post transplant period, and provide 

early natural immunity against infectious agents. It has been shown that 

after the allogeneic BMT for CML, NK activity did not correlate with 

GVHD status, and the activation of donor derived NK cells by IL-2 

induced antileukemia but not antihost activity (Keever et al., 1993^; 

Mackinnon et al., 1990). Therefore, it is possible that NK cells can 

mediate specific antitumour activity without damaging normal host 

tissues.

Over 1000 unrelated CB transplantations have been performed so far and 

the incident of GVHD has been shown to be lower compare to that seen 

following adult allogeneic bone marrow transplantation (Locatelli et al., 

1999; Rubinstein et al., 1998). One of the aims of this study was to
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investigate whether differences in CB NK cell responses to cytokine 

stimulation could be one of the mechanisms contributing to this clinical 

observations in both GVHD and GVL.

Cytokines play an important role in the regulation of cytotoxicity. It has 

been shown that IL-2, IL-12, and IL-15 are capable of inducing lytic 

activity and phenotypic changes in CB NK cells (Chin et al., 1986;

Gaddy et al., 1995). EL-2 plays an important immunoregulatory role. It 

has the ability to promote the long-term in vitro proliferation of activated 

T cells; and promote the generation and proliferation of cytotoxic T 

cells, NK cells and LAK cells (Winkelhake and Gaung 1990). IL-12 is 

also known as natural killer cell stimulatory factor (NKSF) or cytotoxic 

lymphocyte maturation factor (CLMF) (Kobayashi et al., 1989). IL-12 

can also activate effector cells (Chetumi and Gaung 1994). IL-15 shares 

many biological properties with IL-2 including T, B, and NK cell 

stimulatory activities (Bamford et al., 1996; Ye et al., 1996). IL-18 is a 

recently described cytokine, and it also known as interferon-gamma 

inducing factor (IGEF). IL-18 shares some of the biologic activity with 

IL-12 and has structural similarities with the EL-1 family of proteins 

(Okamura et al., 1995). Very little is known about EL-18 with regards to 

their role in activating CB NK cells. Also, less data are available 

regarding the effect of IL-2, EL-12, EL-15 on CB NK cells cytotoxic 

activity, and these has been obtained mostly by experiments using 

radioactive methods. Therefore, in this study we used a more sensitive 

assay for measuring the cytotoxic capacity of NK cells. Also, it is 

important to mention that historically activated NK cells have been 

designated to lymphokine activated killer (LAK) cells. However, most 

investigators prefer the term activated NK (ANK) because cytokines 

other than those produced by lymphocytes (i.e. EL-12 produced by 

monocytes) which can also activate NK cells.
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NK cells recognise their targets by two sets of receptors; the killer 

activating receptors, and inhibitory receptors. The killer activating 

receptors recognise a number of different molecules present on the 

surface of nucleated cells, whereas the inhibitory receptors recognise 

MHC class I molecules which are also usually present on all nucleated 

cells. The interactions with class I /self-peptides generates an inhibitory 

signal that prevent NK cell lysis of the targets cell. Thus NK cells do not 

kill normal, healthy class I expressing cells but kill cells that express 

inadequate levels of class I such as tumour cells. In humans, inhibitory 

receptors on NK cell belong to two families: the immunoglobulin (Ig) 

super-family called killer immunglobulin receptors (KIRs), and those of 

the C-type lectin super-family CD94-NKG2A.

The KIRs with two Ig domains (KIR2D) identify HLA-C allotypes: 

KIR2DL2 (formerly designated p58.1) recognises an epitope shared by 

group 1 HLA-C allotypes (Cw 2, 4, 5, and 6 ), whereas KIR2DL1 (p58.2) 

recognises an epitope shared by reciprocal group 2 HLA-C allotypes 

(Cwl, 3, 7, and 8). One KIR with three Ig domains KIR3DL1 (p70) 

recognizes an epitope shared by HLA-Bw4 alleles. Finally, a homodimer 

of molecules with three Ig domains, KIR3DL2 (pi 40), recognises HLA- 

A3 and A11 (Moretta et al., 1995; Pende et al., 1996). KIR genes, 

expressed by some of the NK cells, vary considerably among 

individuals. It is believed that during NK development each NK cell 

precursor makes a random choice of which KIR genes it will express, 

and the different combinations of HLA class I molecules select NK cells 

that express receptors for self HLA class I. As a result the NK cells from 

any given individual will be allo-reactive toward cells which lack their 

KIRs ligands and therefore, tolerant to cells from individuals who have 

the same or additional KIR ligands (Uhrberg et al., 1997). Recent 

findings provide evidence of a possible role of NK MHC class I 

receptors in stem cell transplantation (Ruggeri et al., 1999).
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The aims of the present study were (1) to evaluate the expression of 

MHC class I (CD94, CDKIR, CD158a, CD158b) and CD161 receptors 

on CB NK cells; (2) to determine the expression of MHC class I 

receptors and CD 161 in relation to the expression of NK cells phenotype 

(CD 16 CD56 CD57) on CB NK cells; (3) to determine the effect of 

cytokines (IL-2, IL-12, IL-15, and IL-18) on the NK phenotype, the 

expression of NK receptors, and the functional activities on purified 

NK cells from CB compared to APB.

5.2 Results

5.2.7. Dose responses o f  7L-2, IL-12, IL-15 and IL-18 cytokines on 

NK activity against K562 cells.

In order to determine the optimal concentration and incubation period 

for each cytokine, dose response and time course experiments were 

performed. The effect of IL-2, IL-12, IL-15 and IL-18 cytokines on the 

cytolytic ability of purified NK effector cells from APB and CB against 

K562 target cells was investigated. The newly developed flow 

cytometric method was used to analyze the experiments.

Purified NK cells from APB (n=4) and CB (n=3) were tested at day 0, 

and following 24, 48, or 72 hours incubation at 37 °C in 5% CO2 with 

and without various concentrations of each cytokine. Effector target cells 

of 1:1 ratio were used in all the experiments and the results are shown in 

Figures 5.1-5.8. The total lytic activity of purified NK effector cells at 

day 0 (no cytokine added) was 43± 3% for APB and 36 ±3% for CB. 

These experiments revealed a dose related increase in cytotoxicity for all 

four cytokines utilised over a range of 0.1-400 ng/ml for IL-2; 0.1-500 

ng/ml for IL-12; 0.2-100 ng/ml for IL-15; and 1-1000 ng/ml for IL-18. 

Evidence of the effect of dose response was most clear at 72 hours for 

APB.The maximum lytic activity was only observed at a concentration 

of 10 ng/ml for IL-2, IL-15 and EL-18, and up to 25 ng/ml for EL-12 as 

shown in Figures 5.1, 5.5, 5.7 and 5.3 respectively. Higher concentration 

resulted in a plateau effect.
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When CB was used to investigate the dose response effect, the maximum 

lytic activity was only observed in IL-2 and IL-15 and only at a 

concentration of 10 ng/ml for both of these cytokines (Figures 5.2 and 

5.6 respectively). Beyond these concentrations there was a plateau or a 

decrease in lysis. However, no clear dose response was observed with 

IL-12 and IL-18 at any time of culture when CB was used as it can be 

seen in Figures 5.4 and 5.8. Furthermore, when IL-2, IL-12, and IL-15 

were added, CB NK cells have a faster response than APB at 24 and 48 

hours as it can be seen in Figures 5.2, 5.4, and 5.6 respectively. There 

was no obvious early response to IL-18 with CB, nor with APB with any 

of the cytokines used. In addition, at the lower doses of all the cytokines 

used after 72 hours, CB NK cells have a significantly higher total lytic 

than APB (APB vs. CB for IL-2 at 1 ng/ml 40+10% vs. 6 8 ±6 % 

/7=0.008; IL-12 at 0.1 ng/ml 38±8% vs. 62+9%/?=0.03; IL-15 at 1 ng/ml 

77±7% vs. 91±1%p=0.02; and IL-18 at Ing/ml 27±3% vs. 77+8% 

/?=0.004). Therefore, it can be concluded that CB NK cells were more 

responsive than APB to the cytokines activation as measured by the 

ANK effect.

After establishing the optimal time and concentrations for each of the 

cytokines used, a comparison of these results with the baseline data i.e 

day 0 (no cytokines) was performed. The results revealed that although 

there is no obvious dose response effect observed with CB at least with 

two cytokines (IL-12 and IL-18), the increase over baseline lytic activity 

is greater in CB than in APB and the results can be seen in Figure 5.9. 

The total lytic activity for APB vs. CB was increased to 72±16% vs. 

91+2% at 72 hours with IL-2 at 10 ng/ml; to 80± 8 % vs. 87±3% with IL- 

12 at 25 ng/ml; to 87+5% vs. 94 ±3% with IL-15 at 10 ng/ml; and to 

74±14% vs. 87±7% with IL-18 at 10 ng/ml respectively. So given these 

optimal conditions the effect of the previous cytokines is greater in CB 

when compared to APB.
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IL-2 D ose R esp o n se  and Time C o urse  o f
P u rified  NK C ells  from  APB
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F ig u re  5.1: The effect of IL-2 on the cytotoxic ability of purified NK cells from APB. Purified NK 
cells were incubated with various concentrations of IL-2 (ng/ml) for 24, 48, and 72 hours at 37 °C in 
5% CO2. Target cells were K562 , and flow cytometry assay ran for 4 hours. Cells were tested at 1: 1 
E:T ratio. Each point represent the mean of 4 APB samples; data are expressed as mean ±SD. The (-)  
on the Y axis represent the percentage of the baseline lytic activity on day 0 without the cytokines
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IL-2 Dose R esp onse  and Time C ourse o f
P urified  NK C ells  from  CB
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F ig u re  5.2: The effect of IL-2 on the cytotoxic ability of purified NK cells from CB. Purified NK cells were 
incubated with various concentrations of IL-2 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% CO2. Target cells 
were K562 , and flow cytometry assay ran for 4 hours. Cells were tested at 1: 1 E:T ratio. Each point represent 
the mean of 3 CB samples; data are expressed as mean ± SD. The (-) on the Y axis represent the percentage of 
the baseline lytic activity on day 0 (without the cytokines). 135



IL -12 Dose Response and Time Course of
Purified NK Cells from APB
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Figure 5.3: The effect of IL-12 on purified NK cells from APB. Purified NK cells were 
incubated with various concentrations of IL-12 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% 
CO2. Target cells were K562. Cells were tested at 1:1 E:T ratio. Each point represent the mean 
of 4 APB; data are expressed as mean ± SD. The (-) on the Y axis represent the percentage of 
the baseline lytic activity on day 0 (without the cytokines). 136



IL-12 Dose Response and Time Course of 
Purified NK Cells from CB
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Figure 5.4: The effect of IL-12 on purified NK cells from CB. Purified NK cells were incubated with 
various concentrations of IL-12 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% CO2. Target cells were 
K562. Cells were tested at 1:1 E:T ratio. Each point represent the mean of 3 CB; data are expressed as 
mean ±SD. The (-) on the Y axis represent the percentage of the baseline lytic activity on day 0 (without 
the cytokines). 137



IL-15 Dose Response and Time 
Course of Purified NK Cells from

APB1 2 0  1

Dose ng/ml

2 4  h r s  

4 8  h r s  

7 2  h r s

Figure 5.5: The effect of IL-15 on purified NK cells from APB. Purified NK cells were incubated 
with various concentrations of IL-15 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% CO2. Target 
cells were K562. Cells were tested at 1:1 E:T ratio. Each point represent the mean of 4 APB samples; 
data are expressed as mean ± SD. The (-) on the Y axis represent the percentage of the baseline lytic 
activity on day 0 (without the cytokines).
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IL-15 Dose Response and Time Course of 
Purified NK Cells from CB
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Figure 5.6: The effect of IL-15 on purified NK cells from CB. Purified NK cells were incubated with various 
concentrations of IL-15 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% CO2. Target cells were K562. Cells 
were tested at 1:1 E:T ratio. Each point represent the mean of 3 CB samples; data are expressed as mean ± 
SD. The (-) on the Y axis represent the percentage of the baseline lytic activity on day 0 (without the 
cytokines).
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Figure 5.7: The effect of IL-18 on purified NK cells from APB. Purified NK cells were incubated with 
various concentrations of IL-18 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% CO2. Target cells were K562. 
Cells were tested at 1: 1 E:T ratio. Each point represent the mean of 4 APB samples; data are expressed as 
mean ± SD. The (-) on the Y axis represent the percentage of the baseline lytic activity on day 0 (without the 
cytokines).
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Figure 5.8: The effect of IL-18 on purified NK cells from CB. Purified NK cells were incubated with 
various concentrations of IL-18 (ng/ml) for 24, 48, and 72 hours at 37 °C in 5% CO2. Target cells were 
K562. Cells were tested at 1: 1 E:T ratio. Each point represent the mean of 3 CB samples; data are 
expressed as mean ±  SD. The (-) on the Y axis represent the percentage of the baseline lytic activity on day 
0 (without the cytokines).
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The Effect of Cytokines on the Cytotoxic Activity of 
Purified NK Cells from APB and  CB C om pared  to Day 0
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Figure 5.9: The effect of IL-2, IL-12, IL-15 and IL-18 on purified NK cells from 
APB (n=4) and CB (n=3). Purified NK cells were assessed for their cytolytic activity 
at day 0 (without the cytokines), and in the presence of different concentrations of 
IL-2, IL-12, ILI5, or IL-18 against K562 target cells at 1:1 E:T ratio (72 hours). The 
figure show a comparison between APB and CB at the concentration of IL-2 (10 
ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), or IL-18 (10 ng/ml).The data are 
expressed as means ± SD. Paired t-test was performed and the P  value compares 
percentage of the cytolytic activity without cytokine at day 0 and with the cytolytic 
activity of the treated samples. * p  <0.05.
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5.2.2. The effect o f  cytokines (IL-2j IL -ll, IL-15, and IL-18) on the 

cytotoxicity o f  purified NK cells from APB and CB.

Based on the results of dose response and time course experiments, the 

effect of cytokines on the killing ability of purified NK cells from APB 

(n=4) and CB (n=3) at 1:1 E:T ratio against K562 and Jurkat cells lines 

was tested . When the K562 cell line was used as targets with ANK cells 

from APB and CB as effectors (FiguresS.lOb), CB induced a 

significantly higher late apoptotic target cells death, with all the 

cytokines used, compared to APB (APB vs. CB for IL-2 46±18 % vs.

76± 9%p=OM\ for IL-12 58+4% vs. 72±2% j9=0 .0 1 ; for IL-15 46+9% 

vs. 66±1%/>=0.02; and for IL-18 46± 7% vs. 71± 7% /><0.01). However, 

the early apoptotic cell death induced by CB ANK cells was lower than 

their counterparts in APB (Figure 5.10a), but the difference was not 

statistically significant (APB vs. CB for IL-2 26+11 % vs. 18± 7% 

p=0.3; for EL-12 21+6% vs. 16+2%^=0.3; for IL-15 38±9% vs. 23+2% 

p=0.14; and for IL-18 27± 10% vs. 17+ 3%/?=0.15).

When the Jurkat cell line was used, the late apoptotic target cell death 

induced by CB ANK cells was significantly lower than that induced by 

APB ANK cells as it can be seen in Figure 5.11b (APB vs. CB for IL-2 

51±20% vs. 17+9% /?<0.01; for EL-12 46±2% vs. 16.4±10% j9<0 .0 1 ; for 

IL-15 55+14% vs. 11 ±6 % ;X0.01; and for IL-18 48+5% vs. 13 ±7%  

/><0.01). However, the early apoptotic cell death induced by CB ANK 

cells was significantly higher than that induced by APB ANK cells 

(Figure 5.11a) (APB vs. CB for IL-2 28+10% vs. 51+7%/><0.01; for IL- 

12 25±10% vs. 45+10% /?<0.01; for IL-15 28±9% vs. 51±6% /?<0.01; 

and for IL-18 25+2% vs. 40+7 % /><0.01).

In summary these results showed that CB ANK cells have the ability of 

inducing higher late apoptotic target cell death than APB ANK after 4 

hours incubation with K562 cell line at 1:1 ratio. However, the ability of
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CB ANK cells in inducing early apoptotic target cells death was higher 

than APB ANK when the Jurkat cell line was used.These findings suggest 

that ANK cells from both sources have different sensitivity to induce 

apoptosis on different cell lines. Generally, the total killing activity (early 

and late apoptotic) of purified NK against K562 and Jurkat cells lines has 

been significantly enhanced when they were exposed to the above 

cytokines in both APB and CB.
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Figure 5.10; Cytokines effect on ANK cells from APB (n=4) and CB 
(n=3) on the early (a) and late apoptotic (b) target cell death o f  the K562 cell 
line. Purified NK cells were tested at day 0 (no cytokines) and then 
incubated for 72 hours in the presence o f IL-2 (10 ng/ml), IL-12 (25 ng/ml), 
IL-15 (10 ng/ml), or IL-18 (10 ng/ml). The effectors and targets were tested 
at an E:T ratio of 1:1. The data are expressed as means±SD. p  value 
compares responses o f APB and CB after treatment with cytokines. * p  
<0.05.
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Figure 5.11 : Cytokines effect on ANK cells from APB (n=4) and CB (n=3) on 
the early apoptotic (a) and late apoptotic (b) targets cell death o f the Jurkat cell line. 
Purified NK cells were tested at day 0 (no cytokines) then incubated for 72 hours in 
the presence o f IL-2 (10 ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), or IL-18 (10 
ng/ml). The effectors and targets were tested at an E;T ratio o f 1:1. The data are 
expressed as means±SD./? value compares responses o f APB and CB after 
treatment with cytokine. **/7<0.01.
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5.2.3. Effect o f  cytokines (IL-2, IL-2, IL-15, and IL-18) on the 

expression o f CD69, Granzyme B, Perforin, and FasL on purified NK  

cells from APB and CB.

In order to asses the effect of the cytokines used on the expression of 

CD69, granzyme B, perforin, and FasL on effector cells, purified NK 

cells were exposed to IL-2 (10 ng/ml), IL-12 (25 ng/ml), IL-15 (10 

ng/ml), and IL-18 (10 ng/ml) for 72 hours (as previously established in 

section 5.2.1).

The results showed that both perforin and granzyme B are expressed in 

approximately similar percentage and intensity on freshly purified NK 

cells from APB and CB before and after cytokines stimulation as it can 

be seen Figure 5.12 and Table 5.1.

Since the Jurkat cell line express the Fas antigen, the FasL expression 

was also investigated before and after cytokines stimulation on freshly 

purified NK cells from APB and CB. There was no apparent expression 

of FasL on the purified NK cells from APB and CB, but the expression 

was significantly enhanced after the addition of the cytokines (Figure 

5.12 and Table 5.1). The expression after cytokines stimulation for APB 

vs. CB was (11 ±1% vs. 8±3% respectively) for EL-2 at 10 ng/ml; (8±2% 

vs. 13±1% respectively) for IL-12 at 25 ng/ml; (9+2% vs. 9+2% 

respectively) for IL-15; and (12±2% vs. 11±2% respectively) for 

EL-18 at for 10 ng/ml (p<0.05).

CD69 was significantly enhanced after cytokines stimulation in both 

APB and CB. CD69 expression on APB vs. CB was increased from (7 

±2% vs. 6±2% respectively) without the cytokines to (71 ±5% vs. 

66±12% respectively) for IL-2 at 10 ng/ml; (64±10% vs. 50±20% 

respectively) for EL-12 at 25 ng/ml; (6 6 ±8 % vs. 68±11% respectively) 

for IL-15; and (69±4% vs. 62+8% respectively) for EL-18 at for 10 ng/ml 

(p<0.05) Figure 5.12 and Table 5.1.
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Figure 5.12: Cytokines effects on the expression of CD69, FasL, granzyme B,and perforin on 
purified NK cells from APB (n=4) and CB (n=3). Purified NK cells were incubated for 72 hours alone 
(media) or in the presence of IL-2 (10 ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), or IL18 (10 ng/ml). 
The data are expressed as means ±SD. Paired /-test was performed, and P value compares expression 
without cytokines at day 0 with expression from treated samples after 72 hours.* p<0.05 , **/7<0 .0 1 .

148



Table 5.1: Expression of Granzyme B, Perforin, CD69 and FasL on freshly 

purified NK cells from APB and CB at day 0 and after 72 hours incubation with 

IL-2, IL-12, IL-15 and IL-18

Sample
%

Granzyme B
%

Perform
%

CD69
%

FasL
Fresh

Day 0 APB 76±11 69+2 7+2 0

Day 0 CB 81±13 66±15 6 ± 2 0

72 hours

APB in medium 61+3 57+3 6+1 0

CB in medium 75+4 62+2 6+1 0

IL-2 APB 84±2 88±3 71±5 11±1

IL-2 CB 82±13 74±7 6 6 ± 1 2 8±3

IL-12 APB 78±2 80±7 64±10 8 ± 2

IL-12 CB 81+10 69+4 50±20 13±1

IL-15 APB 79+13 87+2 6 6 ± 8 9+2

IL-15 CB 79±12 63±7 6 8 ± 1 1 9±2

IL-18 APB 78+5 81+8 69+4 12+ 2

IL-18 CB 82+13 65±3 62±8 11± 2
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5.2,4. Effect o f cytokines (IL-2j IL-12, IL-15, and IL-18) on the 

expression ofMHC class I  (CD94fCDKIR, CD 158a, CD 158b) and 

CD 161 receptors on fresh purified NK cells from APB and CB.

The effect of the cytokines on the expression of MHC class I receptors 

(CD94, CDKIR, CD 158a, and CD 15 8b) and on CD161, on purified NK 

cells from APB and CB was analysed by exposing the effector cells to 

the optimal concentrations of IL-2 (10 ng/ml), IL-12 (25 ng/ml), IL-15 

(10 ng/ml), and IL-18 (10 ng/ml) for 72 hours.

To establish a baseline data purified NK cells from APB (n=9) and CB 

(n=l 1) were analysed for the MHC class I receptor expression and 

CD 161. The results showed that a higher percentage of CB NK cells 

expressed CD94 than APB (APB vs. CB median: 64%, range (85-52) vs. 

median: 93%, range (94-89.3) j?<0.01). However, there was no 

difference on the percentage of cells expressing CDKIR, CD 158a, and 

CD 158b between APB and CB NK cells as shown in Figure 5.13. The 

percentage expression of CD161 was also significantly higher in CB 

than APB (APB vs. CB median: 70%, range (83-62) vs. median: 94%, 

range (97-88) j9<0 .0 1 ) Figure 5.13. Further, the intensity of receptors 

expression was also similar for both CB and APB.

After establishing the baseline data for receptor expression, purified NK 

cells from APB (n=3) and CB (n=4) were incubated in optimal 

concentrations of IL-2 (10 ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), 

and IL-18 (10 ng/ml) for 72 hours. Receptor expression was compared 

with the baseline data. The results revealed that although there is no 

difference on the CD94. However, the effect of the cytokines was greatly 

observed on expression of the CDKIR, CD 15 8 a, and CD 15 8b in CB 

compared with APB with all the cytokines used over the baseline data as 

it can be seen in Figure 5.14. For CB NK cells the expression of CDKIR 

was increased from 19± 8 % without the cytokines to 74±18% for IL-2; 

to 72±24% for IL-12; to 74±19% for IL-15; to 71±18% for IL-18 

(p<0.05). The expression of CD158a on CB NK cells was increased
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from 40±16% without the cytokines to 90+10% for IL-2; to 83+19% for 

IL-12; to 90+7% for IL-15; and to 81±16% for IL-18 (p<0.05 in all 

cases). Finally, the expression of CD 158b on CB NK cells was increased 

from 47+14% without the cytokines to 89+13% for IL-2; to 82±16% for 

IL-12; to 91±11% for IL-15; and to 90±6% for IL-18 {p< 0.05 in all 

cases). Further, the results showed that there is no difference on the 

CD161 receptor expression when the above cytokines were used.
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The Expression of MHC Class I (CD94, CDKIR, CD158a, CD158b) and
CD161 Receptors on Fresh Purified NK Cells from APB and CB
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Figure 5.13: Total receptors expression on purified NK cells from 
APB (n=9) and CB (n=l 1). The data presented here are expressed as 
median, p  value compares total receptors expression between APB 
and CB. ** p  <0.01.
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The Effect of Cytokines on the Expression of MHC Class I (CD94„CDKIR, CD158a, CD158b) and CD161 Receptors on Purified NK Cells
From APB and CB
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Figure 5.14: The effect of IL-2, IL-12, IL-15 and IL-18 on the receptors expression of purified NK cells from APB (n=3) and CB (n=4).
Purified NK cells were assessed for the total expression of CD94 (a), CDKIR (b), CD158a (c), CDI58b (d), and CDI61(e) on day 0 (without 
cytokines) and in the presence of IL-2 (10 ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), or IL-18 (10 ng/ml) after 72 hours.The data presented 
here are expressed as means ± SD and paired t- test were used for the statistical analysis. P value compares total receptors expression without the 
cytokine at day 0 and with the receptors expression of the treated samples. * p  <0.05, and ^  <0.01. 15?



5.2.5. Effect o f  cytokines (IL-2, IL-12, IL-15, and IL-18) on the CD16, 

CD 56, and CD 57 expression ofpurified NK cells from  APB and CB,

In order to assess the expression of NK phenotype on CB, purified NK 

cells from APB (n=9), and CB (n=l 1) were examined for NK cells 

subsets i.e. CD16+CD56-, CD16+CD56+, and CD16-CD56+. Cord 

blood contains a novel population of CD16+CD56- NK cells (APB vs.

CB for CD16+CD56- 3±1% vs. 17±6% respectively), in addition to the 

CD16+CD56+, and CD16-CD56+ NK cell subsets normally found in 

APB and the results can be seen in Table 5.2. Also, there was no 

apparent expression of CD57 on CB NK cells detected.

In order determine the effect of cytokines on the unique subset of 

CD 16+56- NK cell subset present in CB, and whether if  this novel subset 

is a possible precursor of CD16+CD56+, and CD16-CD56+ NK cells that 

are found in APB, IL-2, IL-12, IL-15, and IL-18 were added to the 

purified NK cells from APB (n=3), and CB (n=4). The results show that 

at 72 hours there was decrease in the expression CD16+CD56- NK cells 

subsets (from 17±6% without the cytokines, to 4+1% for IL-2, to 3+1 % 

for EL-12, to 5±1% for EL-15, and to 4 ±2% for EL-18) and this difference 

was similar to APB NK cells subset (Figure 5.15 and appendix 6 ) .

The expression of CD57 was also unregulated to percentages similar to 

APB NK cells after the cytokines stimulation.

Table 5.2: Expression of NK Phenotype on APB and CB

N K % APB % C B
Phenotype (n=9) (n= ll)

CD16+CD56+ 85+3 72±19
CD16-CD56+ 5+2 7±3
CD16+CD56- 3±1 17+6
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Figure 5.15: Cytokines effects on the expression of CD 16+56- on purified NK cells 
from APB (n=4) and CB (n=3). The data are expressed as means ±SD.
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5.2.6. Effect o f  cytokines (IL-2y IL-12, IL-15, and IL-18) on the 

expression o f  MHC class I  (CD94,CDKIR, GDI 58a, CD 158b) and 

GDI 61 receptors in relation to the expression o f  other N K  cells 

markers (CD56, GDI6, GD57).

To establish a baseline data for the expression of MHC class I receptors 

and CD 161 in relation to the NK markers (CD56, CD 16, and CD57), 

purified NK cells from APB (n=9) and CB (n=l 1) were analysed. The 

results show that percentage of MHC class I NK receptors (except for 

CDKIR) and CD161 expression in relation to CD57 was significantly 

lower in CB than in APB (Figure 5.16c). However, there was no 

difference on the expression of MHC class I NK receptors expression in 

relation to CDS6 and CD 16 between APB and CB as it can be seen in 

Figure 5.16 (a and b) (appendix 7).

After establishing the baseline data, purified NK cells from APB (n=3) 

and CB (n=4) were incubated at optimal concentrations of IL-2 (10 

ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), and IL-18 (10 ng/ml) for 72 

hours. A comparison of these results with the baseline data i.e. day 0 (no 

cytokines) was performed, and the results revealed that there are no 

difference on the expression of CD94 (except with IL-2 in both APB and 

CB), CDKIR (except with IL-15 in CB), and CD161 in relation to CD56 

(except with IL-15 in CB) as shown in Figure 5.17 (a, b, and e). 

However, a major effect of all the cytokines was observed on the 

expression of the CD 158a, and CD 15 8b in relation to CD56 in CB 

compared with APB over the baseline data and the difference was 

statistically significant as can be seen in Figure 5.17 (c and d). The 

expression of CD56+CD158a+ on CB NK cells was increased from 

23±2% without the cytokines to 66±19% for IL-2, to 63±14% for IL-12, 

to 81±14% for IL-15, and to 56±22% for IL-18 (p<0.05). The expression 

of CD56+CD158b+ on CB NK cells was increased from 27+10% 

without the cytokines to 79±14% for IL-2, to 67+12% for IL-12, to

156



85±16% for IL-15, and to 59±17% for IL-18 (p<0.05 in all cases).

Furthermore, there is no difference on the expression of MHC class I 

receptors and CD161 in relation to CD 16 between APB and CB as 

shown in Figure 5.18 (a, b and e) expect for CD16+CDKIR+ with IL-15, 

CD16+CD158a+ and CD16+CD158b+ with IL-15 and IL-18 Figure 5.18 

(c and d). However, there were a significant increase on the expression 

of MHC class I receptors and CD161 in relation to CD57 with all the 

cytokines used in CB compared with APB over the baseline data (Figure 

5.19). The expression of CD57+CD94+ in CB NK cells was increased 

from 4±1% without the cytokines to 73+19% with IL-2, to 38+15% with 

IL-12, to 65+7% with IL-15, and to 59±18% with IL-18 ip < 0.05 in all 

cases). The expression of CD57+CDKJR+ in CB NK cells was increased 

from 3+1% without the cytokines to 55±15% with IL-2, to 37+12% with 

IL-12, to 51+18% with IL-15, and to 37+13% with EL-18 ip < 0.05 in all 

cases). The expression of CD57+CD158a+ in CB NK cells was 

increased from 6±2% without the cytokines to 68+27% with EL-2, to 

62+12% with IL-12, to 57±13% with EL-15, and to 48±14% with IL-18 

ip <0.05 in all cases). The expression of CD57+CD158b+ in CB NK 

cells was increased from 8±2% without the cytokines to 64±12% with 

EL-2, to 45±10% with EL-12, to 62+10% with EL-15, and to 48±12% with 

EL-18 (p <0.05 in all cases). Finally, the expression of CD57+CD161+ 

in CB NK cells was increased from 10+2% without the cytokines to 

73±17% with EL-2, to 52±17% with EL-12, to 67+10% with IL-15, and to 

46+10% with EL-18 ip <0.05 in all cases).
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The Expression of MHC Class I (CD94„CDKIR, CD158a, CD158b) and CD161 Receptors in Relation to CD56, CD16 and
CD57 Phenotype on NK Cells from APB and CB
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rhe Effect of Cytokines on the Expression of MHC Class I (CD94„CDKIR, CD158a, CD158b) and CD161 Receptors in Relation to CD56
Phenotype on NK Cells from APB and CB
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Figure 5.17: Purified NK cells from APB (n=3) 
and CB (n=4) were assessed for the expression 
of CD94 (a), CDKIR (b), CD158a (c), CDlSSb 
(d), and GDI61(e) in relation to CD56 on day 0 
(without cytokines) and in the presence of IL-2 
(10 ng/ml), IL-12 (25 ng/ml), IL-15 (10 ng/ml), 
or IL-18 (10 ng/ml) after 72 hours. The data 
presented here are expressed as means ± SD and 
paired r-test were used for the statistical analysis.
P value compares receptors expression in 
relation to CD56 without the cytokine at day 0 
and with the expression of the treated samples.* 
p<0.05. 159



The Effect of Cytokines on the Expression of MHC Class I (CD94„CDKIR, CD158a, CD158b) and CD161 Receptors in Relation to CD16
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Figure 5.18: Purified NK cells from APB 
(n=3) and CB (n=4) were assessed for the 
expression of CD94 (a), CDKIR (b), GDI58a 
(c), CD 158b (d), and CDl61(e) in relation to 
CD 16 on day 0 (without cytokines) and in 
the presence of IL-2 (10 ng/ml), IL-12 (25 
ng/ml), IL-15 (10 ng/ml), or IL-18 (10 
ng/ml) after 72 hours. The data presented 
here are expressed as means ± SD and paired 
r-test were used for the statistical analysis. P 
value compares receptors expression in 
relation to CD 16 without the cytokine at day 
0 and with the expression of the treated 
samples. */? <0.05 and **p<0.01.



The Effect of Cytokines on the Expression of MHC Class I (CD94„CDKIR, CD158a, CD158b) and CD161 Receptors in Relation to CD57
Phenotype on NK Cells from APB and CB
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5.3. Discussion

Gaddy et al have reported (using the Cr̂  ̂ release assay) that the addition 

of IL-2, and IL-12 cytokines increased the lytic activity of CB MNCs 

against K562 to levels similar to APB, and that the necrotic activity of 

both CB and APB LAK were very similar in kinetics, dose requirements 

and levels of cytotoxicity (Gaddy et al 1995). Umemoto et al have also 

reported that the level of CB NK cytotoxicity was increased and boosted 

to the level observed in adult peripheral NK cells when incubated with 

IL-2 (Umemoto et al 1997). In the present study, we observed that at the 

optimal time and concentration, the effect of cytokines (IL-2, IL-12, IL- 

15, and IL-18) was greater on CB than APB purified NK cells as 

determined by the new flow cytometric assay used to measure 

cytotoxicity (chapter 4). This effect was also seen when lower doses of 

cytokines were used. Also, CB ANK cells have a faster dose response at 

24 and 48 hours than APB except for EL-18. Thus our results are in 

agreement with Gaddy et al in terms of the similarity in the required 

cytokine dose for maximum killing activity in CB and APB. Finally, the 

results showed in this study and those described above showed that CB 

NK cells are more responsive than APB NK cells in terms of time and 

dose requirement.

In contrast to other studies the results also showed that higher ability of 

APB and CB in inducing targets cell death could be detected even at the 

1:1 ratio. This could be due to the fact that purified NK cells rather than 

total MNCs cells were used and/or to the fact that a more a sensitive 

method for detecting early cell death was used. It has been suggested that 

CB NK cells are more responsive than APB to exogenous cytokines 

stimulation despite there lower ability in producing IFN-y (Lau et al., 

1996; Lee et al., 1998).

The mechanisms responsible for the increased in the killing ability of CB 

NK cells, when using the above-mentioned cytokines, are not clear, and 

could be multifactorial. Some of the mechanisms involved could
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include; (a) increased levels of granzyme B and perforin; (b) up- 

regulation of the triggering receptors such as CDl 61 and/or CD69; (c) 

increase in the binding capacity between NK and target cells; and/or (d) 

the up-regulation of adhesion or co-stimulatory molecules. It is possible 

that cytokines may up regulate the levels of perforin and granzyme B 

proteins and this may contribute to the increase in the killing ability of 

CB NK cells. However, in our findings there was no significant increase 

on the percentage of expression nor the intensity of perforin and 

granzyme B before and after incubation with the cytokines, and CB NK 

cells incubated alone did not increase their killing activity (Table 5.1). 

However, it is possible that the cytokines used increased the efficiency 

of the granule exocytosis signalling. We have demonstrated that the 

level of CDl 61 triggering receptor expression was significantly higher in 

CB NK cells than APB, but culture with the cytokines did not have an 

effect on the CD 161 expression nor on the expression of the CD 161 in 

relation to the CDl6 and CD56 molecules. However, CB ANK has 

significantly lower expression of the CD 161 in relation to the CD57, and 

that most likely could be related to the fact the most CB NK cells do not 

express CDS7. Furthermore, Cantoni et al have shown that NKp44, a 

triggering receptor involved in tumour cell lysis is expressed on ANK 

cells but not in on NK cells (Cantoni et al., 1999).

It has also been shown that once the CD69 is expressed on the NK cells 

after activation, it acts as a costimulatory molecule leading to cell 

proliferation, secretion and /or cytotoxicity (Borrego et ah, 1993; Moretta 

et ah, 1991). In this study the expression of CD69 has been significantly 

enhanced after all the cytokines stimulation in both APB and CB purified 

NK cells. This finding has recently been supported by a study that 

documents the role of CD69 in NK cells (Borrego et ah, 1999).

It is also possible that increased target binding following cytokines 

stimulation contributed to the increased killing ability of ANK cells from 

CB due to upregulating the expression of adhesion molecular and other co

stimulatory molecules which might be involved in the killing mechanisms.
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When the functional studies were performed assessing the effect of 

cytokines on the different mechanisms of killing, the results showed that 

CB ANK cells induced significantly higher late apoptotic target cell 

death (AV+PI+) than APB after 4 hours incubation with K562 cell line, 

indicating that most of K562 target cells died by apoptosis and passed to 

the late apoptotic compartment. The apoptotic cell death of K562 that 

was observed in this study is most likely to be due to the action of 

perforin and granzyme B, since the Fas and TNF-oc, are not expressed on 

this cell line (Munker et ah, 1997; Smyth et ah, 1995). It is possible that 

CB NK cells when stimulated with the exogenous cytokines, are more 

likely to use the granzyme/perforin pathway. Therefore, it can concluded 

that the predominant mechanism used by CB ANK cells for killing K562 

cells is mainly via the calcium dependent pathway.

However, when the Jurkat cell line was used the ability of CB ANK cells 

was higher in inducing early apoptotic target cell death than APB ANK. 

We have shown in chapter 4 that when the Jurkat cells were used as 

targets, purified NK cells used both of the granule exocytosis and 

Fas/FasL dependent pathways.

It has been shown that FasL mediated cytotoxicity might be acquired at 

more mature stages on NK cell maturation than granule mediated 

cytotoxicity (Nakazawa et al., 1997). Since the IL-2, IL-12, IL-15 induce 

functional and phenotypic maturation (Gaddy et al., 1997) in CB NK 

cells, it is more likely that as the CB NK cells become mature, the 

Fas/FasL pathway may be used. In contrast, Mori S et al have shown 

that when using the Jurkat cells NK cells mediated cytotoxicity was 

conducted mainly through the calcium dependent pathway at a 20:1 E/T 

ratio (Mori et al., 1997). However, our finding demonstrated in chapter 4 

that both CB and APB NK cells could kill Jurkat cells by both 

mechanisms at a ratio as low as 1:1. This finding is supported by the fact 

that apoptosis is preferentially induced at low targets/effector ratios 

(Rodella et al., 1998).
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It has been reported that the IL-2, and IL-12 stimulated NK cells use 

both granzyme and Fas-FasL pathways of apoptosis induction (Rodella 

et ah, 1998). Further, it has also been suggested that IL-15 enhances the 

perforin/granzyme-dependent pathway and the Fas dependent pathway of 

NK and LAK cell, to lyse targets cells (Lowin et ah, 1994; Ye et 

ah, 1995), and the incubation of peripheral blood MNCs with IL-15 

caused an upregulation of perforin mRNA transcription (Gamero et ah, 

1995). Therefore, the decision to choose which pathway is used to kill 

the target cells is not yet clear, but it may depends on the target cell.

It has been demonstrated that the use of Fas/FasL pathway by NK cells is 

target dependent (Mori et ah, 1997). Furthermore, it has been found that 

most of human tumour cells are resistant to Fas mediated apoptosis even 

if Fas receptor is expressed on these cells (Cascino et ah, 1996; Dirks et 

ah, 1997; Karawajew et ah, 1997). Therefore, the Fas system may play 

only a minor role even if tumour cells were transfected with Fas 

receptors (Kagi et ah, 1994; van den Brock et ah, 1996). Therefore, the 

Fas/FasL pathway is probably not sufficient to trigger the NK cells to use 

Fas system.

Generally, CB NK cells are more responsive to the cytokine effect than 

APB. Therefore, it can be assumed that under circumstances in which 

the necessary cytokine activation may be present such as during CBT,

CB NK cells could participitate effectively in the GVL effect.

The interaction between KIRs expressed on NK cells and MHC 

molecules expressed on target cells leads to the inhibition of NK cell 

function. Therefore, NK cell function concerned with the control of 

GVHD and GVL may be regulated, at least in part, by KIRs (Ruggeri et 

ah, 1999).
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n the present study, the expression of CD94 was significantly higher in 

CB than in APB NK cells, and there was no difference between APB and 

CB NK cells in the expression of KIR, CDl 58a, and CD 15 8b receptors. 

Following cytokine incubation there were no differences on the CD94 

receptor expression in both CB and APB ANK cells, but the expression 

of the CDKIR, CD 158a, and CD 158b was significantly enhanced in CB 

compared with APB NK cells. These findings demonstrate that CB NK 

cells express the NK cells receptors, and their expression are more 

responsive to the cytokine stimulation.

One manifestaion of GVHD is the dysregulated production of cytokines 

in lymphocytes and monocytes (Antin and Ferrara 1992). It has been 

shown by D’Andrea et al. that KIRNKBl can regulate TNF-a and INF-y 

cytokine production (D’Andrea et al., 1996). Also, the expression of KIR 

CD94 itself is induced by IL-15 (Mingari et al., 1998). As a result there 

could be a correlation between KIRs expression and the dysregulated 

cytokine production during GVHD after CBT.

5.4. Summary of the Results

A three-color fluorescence cytometric analysis was used for the 

phenotypic studies of freshly purified NK cells showed a unique 

CD16+/CD56- subset and the absence of CD57+ subset in fresh 

purified CB NK cells. There was no difference in the expression of 

KIRs receptors but the expression of CD94 was higher in CB than in 

APB NK cells. In addition, CD l61 expression was also significantly 

higher in CB than APB NK cells. However, when the cytokine (IL-2, 

IL-12, IL-15, and IL-18) activated NK cells were assessed for the 

expression of NK markers, MHC class I receptors, and for their NK 

cytotoxic capacity against K562 and Jurkat cell lines, the results 

showed that there was a shift towards CD16+/CD56+ phenotypes, in
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addition to the significant increase in the KIRs receptors in CB ANK 

cells. Further, a significant increase in the CD69 and FasL expression 

in both APB and CB ANK. Finally, CB NK cells are more responsive 

to the cytokines stimulation than APB in terms of dose, and time; and 

the cytotoxic activity of both APB and CB ANK was significantly 

enhanced against K562 and Jurkat cells lines.
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Chapter 6

General Discussion
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6. General Discussion

Cord blood has recently been successfully used as an alternative 

source for allogeneic stem cell transplantation, and it has been found 

to result in a lower incidence of GVHD (Gluckman et al., 1997; 

Kurtzberg et al., 1996; Varadi et al.,1995^’̂  ; Wagner 1994). The 

reason for the lower incidence and severity of GVHD in CBT is as yet 

unknown. It might be due to the fact that a majority of CB transplants, 

to date, have been performed among children, and it is known that 

GVHD is less severe in young patients, and they can tolerate more 

HLA mismatches than adults (Roncarolo et al., 1994). Another 

possibility is that the reduced severity of GVHD may be related to the 

higher proportion of CD4+CD45RA+ cells (naïve T cell subset) in CB 

as compared to adults (Han et al., 1995; Harris et al., 1992; Racadot et 

al., 1992; Roncarolo et al., 1994,1996; Takahashi et al., 1995). It is 

also possible that the reduced GVHD may be due to a general 

immaturity in the mechanisms leading to the differentiation of the CB 

effector cells (Gaddy et al., 1995; Takahashi 1995), including lower 

secretion of cytokines known to be involved in the amplifcation of 

GVHD response (Chalmers et al., 1998).

A number of attempts have been made to reduce the risk of GVHD in 

BMT by using T cell depletion or by immunosuppression, but both of 

these approaches are thought to be associated with increase leukemic 

relapse, due to a decrease in the GVL effect (Giralt and Champlin 

1994). Therefore, lower or absent GVHD in CBT could be a major 

drawback in leukemic patients, particularly after the role of allogeneic 

lymphocytes in the control and/or eradication of malignancy is well 

established (Horowitz et al., 1990). So theoretically the GVL effect in 

CB transplantation could represent a critical concern in leukemic 

patients transplanted with CB HSC.
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Little is known about the ability of CB cells to mount a GVL response 

as assessed by the rate of relapses following CB transplantation. This 

may be because the follow-up period of transplanted patients is still too 

short for any impact on clinical GVL to be apparent. Another reason 

can be the limited number of reported cases of pediatric leukemia 

patients given CB as a source of stem cell transplantation. Also, it may 

be due to the variety and status of the diseases that have been 

transplanted. It has been shown that disease status is considered one of 

the most important factors that influence the risk of relapse, regardless 

of the source of the progenitor cells (bone marrow, peripheral blood, or 

cord blood). Other factors that also have an influence on the relapse 

rate are the type of donor (HLA compatible relative, partially matched 

family donor, or unrelated volunteer). Furthermore, higher relapse rate 

in transplanted patients with advanced disease could be a consequence 

of either high tumor burden, or reduce susceptibility to 

chemoradiotherapy used during the preparative regimen, and the loss of 

the GVL effect in the graft. Accordingly, it is important to emphasize 

that most of the cases that have been transplanted with CB were not 

considered to achieve a definitive cure for leukemia as the case of BM 

and stem cell transplantation (Locatelli et al., 1999). However, the CB 

graft was given as a last resort option for patients with end stage 

diseases, and therefore this may affect the relapse rate of the CB 

transplants. A recent published report from the Eurocord transplant 

group (EBMT) documents clinically the role of GVL effect in CBT 

(Locatelli et al., 1999). The results showed that allogeneic CB 

transplant from either related or unrelated donor is a possible option to 

cure leukemia in a significant proportion of children with acute 

leukemia, particularly if they are transplanted in a favorable phase of 

the disease (Locatelli et al., 1999). These findings support the 

conclusion that a CB graft can be used to cure leukemia, despite the 

concerns about the capability of CB to control the re-growth of the
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leukemic blasts in vivo.

Few reported studies have focused on the immunological mechanisms 

mediated in the GVL effect of CB MNCs in vitro. It has been shown 

that the GVL effect is mediated by NK cells (CD3-CD16+ CD56+) and 

CTLs (CD8+); all of which have the ability to attack the residual 

leukemic cells (Lanier 1987; Weiss 1995). It has also been reported that 

CB LAK are able to lyse non cultured fresh leukemia blasts (Keever et 

ah, 1995), and their activity against cell lines such as Daudi and YAC-1 

cells is greater than BM cells (Gardiner et ah, 1998). These findings, in 

addition to the rapid activation of specific immunity mediated by CB 

lymphocytes against the primary antigenic challenges (Moretta et ah, 

1997), support the possible role of innate cell mediated immunity in 

controlling the re-growth of the leukemic cell in CBT.

Historically, analysis of cellular cytotoxicity mainly employed a target 

necrosis based cytotoxicity. In this study, by using the Cr^’ release 

assay it has been shown that the total cytotoxic activity of CB MNCs is 

significantly lower compared to APB. It is known that this assay 

measures only end stage total lytic activity of the labeled targets. 

Therefore, the results only reflect necrotic death of the target cells, 

without any consideration for early stages of cell death, and the 

possible role of the effectors on the total cytotoxicity.

Also, depletion of adherent cells was routinely used when analyzing 

adult NK cytotoxic activity. It is known that adherent cells depletion of 

APB enhances the adult cytotoxicity. However, limited information is 

available on the effect of depletion of adherent cells on the CB 

cytotoxic capacity. The results presented in this study showed that 

depletion lowered the total cytotoxic activity of CB while significantly 

enhanced the APB cytotoxic activity, suggesting that there are 

functional differences between APB and CB.
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Further, most of the methods used for measuring necrotic cell death 

may not always reflect the potential of natural cytotoxicity in vivo, 

given that apoptosis is the physiological form of in vivo cell death.

Apoptosis of target cells as it has been described in chapters 1 and 4 

can be induced by a number of mechanisms including Fas/Fas-ligand 

interaction (Lee et al .,1996; Lowin et al .,1994), tumor necrosis factor- 

a  (TNF-a) (Lee et al .,1996; Shi et al .,1992), or via 

perforin/granzymes (Lee et al .,1996; Lowin et al.,1994). These three 

cytotoxic pathways are also involved in the pathogenesis of GVHD 

(Baker et al. 1997; Griffiths et al., 1991; Speiser et al., 1997; Via et al., 

1996). The effector mechanisms are far less clear in GVL. Most 

importantly, it is not clear whether CB NK cells use the same 

mechanism in inducing target cell death as to APB NK cells. The data 

presented in this thesis shows that CB NK cells are capable of inducing 

apoptosis on K562 target cells, and the CB ANK cells are able to kill 

K562 and Jurkat cells in a similar fashion to APB ANK Further, this 

study has also shown that killing of K562 target cells by purified NK 

cells from both CB and APB is completely Câ "̂  granule exocytosis 

mediated, whereas killing of the Jurkat cell line is dependent on both 

Ca^  ̂granule exocytosis and Fas/FasL pathways. This suggests that 

fresh purified NK cells from both APB and CB use primarily the same 

mechanisms in inducing apoptosis on target cells.

In a murine GVL model, that is similar to human allo-BMT for 

leukaemia patients, it has been shown that the Fas/FasL system makes 

only a minor contribution to the GVL effect, while the perforin pathway 

may play an essential role in eliminating residual leukaemic cells after 

BMT (Tsukada et al., 1999). Also, it has been suggested that the perforin 

pathway could play a significant role in infectious disease, which is one 

of the major complications after allo-BMT (Tsukada et al., 1999). Since
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CB NK cells use both these mechanisms to induce target cell death in 

vitro, it can be concluded that these pathways may be used in mediating 

the GVL effect after CBT,

In this study it has been further shown that the apoptotic cell death among 

the CB NK effectors was higher than that of the APB NK effectors at the 

end of the incubation period. This could be due to the fact that CB NK 

cells have a different signalling pathway to that of APB NK cells during 

effector/target cell interaction. Further studies to investigate the 

signalling during CB NK cell interaction with target cells are needed.

One of the limitations of this study was that it could not determine 

whether ANK cells from CB use similar cytotoxic pathways to APB 

ANK cells (perforin/ granzyme B and/ or Fas/FasL pathways) against 

Jurkat cell line, because not enough cells could be recovered to perform 

all the necessary studies. Also, it would be more physiological to use 

fi*esh leukemic target cells rather cell lines in the functional assay. 

Another limitation was the use of NK cells obtained from adult 

peripheral blood than BM.

Further, it has been found in this study that CB contains a subset of 

CD16+CD56- NK cells in addition to the CD16+CD56+, and CD16- 

CD56+ NK cell subsets normally found in APB. Gaddy J et al have also 

document the presence of this novel subset of CD16+CD56- NK cells, 

which is rare or non-existent in the adult peripheral blood of healthy 

individuals (Gaddy et al., 1997). Other groups have also reported the 

existence of this unique population in CB (Bradstock et al., 1993;

Phillips et al., 1992), while one study reported no presence of this subset 

(Cicuttini et al., 1993). Gaddy J et a have found that CD16+CD56- subset 

account for 10-30% of the CD 16+ lymphocytes population in CB, and 

suggested as possible precursor or mature NK cells (Gaddy et al., 1997). 

In this study, three days culture with lL-2, IL-12, IL-15 and IL-18 of 

fresh purified NK cells from CB showed that there was a shift towards

173



CD 16+/CD56+phenotypes. The fact that GDI6+CD56- NK cells 

became CD56+ upon culture with IL-2, IL-12, IL-15 and IL-18 is due to 

the ability of these cytokines of inducing CD56 expression on CD34- and 

CD34+ prognitor and stem cells as disussed in detail in Chapter 1.

It is clear from the results of this study that purified CB NK cells are 

more responsive in terms of function and phenotypic maturation to the 

exogenous cytokines stimulation (Chapter 5), suggesting the immaturity 

of CB NK cells. However, there was no significant difference between 

CB and APB in the ability to induce early apoptotic death on K562 target 

cells using the newly developed flow cytometric assay. That can be 

explained by the fact that the majority of purified CB NK cells used in 

this study consists of a mature form of NK cells subset (CD16+/CD56+) 

with only approximately 17% of the unique immature CD16+/CD56- 

subset. Therefore, the incubation of purified CB NK cells with cytokines 

resulted on the induction of the functional and phenotypic maturation of 

this immature subset.

In the context of allogeneic stem cell transplantation, the interaction of 

NK/ANK cells with the MHC antigens has become relevant (Ruggeri et 

al., 1999). Analysis of KIR and HLA gene matching in stem cell 

transplants might support the evident of the possible roles of recipient 

NK cells in graft rejection, GVHD, and GVL (Witt et al., 1999). It has 

been known that if the MHC class I on the donor cell fails to interact with 

appropriate KIR on the recipient NK cells, these NK cells will induce 

lysis of donor haematopoietic cells. Therefore, KIR epitope mismatched 

are a well known cause of NK cells allo-reactivity (Ruggeri et al., 1999, 

Tanaka et al., 2000^’̂ ). However, very limited information is available in 

the role of NK cells receptors for MHC class I in CBT.

This study has shown that the expression of CD94 was significantly 

higher in CB than in APB NK cells, and there was no difference between 

APB and CB NK cells in the expression of KIR, CD 15 8a, and CD 158b
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receptors. These findings confirm that the KIRs receptors are expressed 

on CB NK cells to a level similar to APB except for CD94, which was 

higher in CB,

Ruggeri et al. have reported a very important biological finding of 

mismatched haematopoietic transplantation, which is the un- excepted 

postgrafting of donor NK cells which do not recognise host alloantigens in 

the absence of GVHD and have a higher engraftment rate. They have 

further documented the ability of these incompatible donor KIR epitomes 

to kill recipients allegoric leukaemia target cells based on the laws of NK 

alloreactivity (Ruggeri et al., 1999). Therefore, these findings may point 

out the unique potential of the GVL effect in HLA mismatched 

haematopoietic cells transplant. Besides, strong antitumor effect and lack 

of GVHD have been observed in mice after infusion of allogeneic NK 

cells that do not recognise the recipient MHC (Zeis et al., 1997). Since 

most of the unrelated CBT cases that had been performed have used either 

one or two HLA mismatched HSC as a treatment of high risk leukemia, 

we may conclude: The reduced or lack GVHD observed in those cases 

could be related to the fact that donor derived NK cells response did not 

cause GVHD in transplant recipient while the GVL effect is maintained.

It is important to recall that as described in chapters 1 and 5, that HLA- C 

alleles appear to be the dominant MHC locus involved in NK cell 

inhibition. However, it has only recently become possible to precisely 

identify the polymorphism of the HLA-C locus. Therefore, most of the 

CBT performed lack this information.

It is well known that one manifestation of GVHD is the dysregulated 

cytokines production from lymphocytes and monocytes (chapter 1). In this 

study, when the cytokines were used there was no difference on the CD94 

receptor expression in both CB and APB ANK cells, but the expression of 

the CDKIR, CD 15 8a, and CD 15 8b was significantly enhanced in CB
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compared with APB NK cells. Therefore, it can be concluded that CB 

KIRs receptors expression are more responsive to the cytokines used than 

APB. As a result there could be a correlation between KIRs expression 

and the up-normal cytokine production during GVHD after CBT.

Generally, reduced incidence and the severity of GVHD have come to 

characterize CB transplantation. However, it has been shown in this study 

and others (Condiotti and Nagler 1998; Gaddy et al., 1995, 1997; and 

Nguyen et al., 1998) that CB NK cells are activated easily and rapidly by 

cytokines, and these cytokines are likely to be present in vivo in the stem 

cell transplant setting, or can be used therapeutically to enhance 

engraftment, and to potentiate GVL (Goldberg et al., 2000). This might 

suggest that the reason behind the lower incidence of GVHD is more 

likely to be due to a decreased ability of CB T cells, monocytes, and NK 

cells to produce inflammatory cytokines; rather than a reduced ability of 

CB NK and T cells to respond to the cytokines. This finding was also 

supported by Han P and Hodge G that CB T and NK cell produced less 

IFN-y, T cells and monocytes produced less TNF-a and fewer monocytes 

produced ILla/p (Han and Hodge 1999). This indicates that the CB 

cytokine receptor network is biased towards anti-inflammatory activity in 

CB compared to the reverse in APB (Han and Hodge 1999). This could 

help to explain the decreased incidence of GVHD in CB transplant. 

Further, the ability of fresh purified NK cells to induce apoptosis on 

K562 and Jurkat cell lines demonstrated in this study and the increased 

ability of killing of those cells after cytokines treatments suggest the 

potential of CB NK cells to mediate GVL effect in vivo. Clinical results 

so far support the ability of CB to mediate GVL effects in the absence or 

decreased of GVHD (Locatelli et al., 1999; Rocha et al., 2000; Wagner 

1994; Wagner et al., 1995).
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6.2 Future work and future approaches:

This study has shown that CB have different phenotypic, NK KIRs 

receptors and functional characteristics, which could have important 

implications in CBT. However, a number of questions have been raised 

that warrant further research. First, the assessment of the NK KIRs 

receptor expression post CBT would help to understand the role of KIRs 

in CBT. Secondly, studies of the other NK receptors that are more 

specific for the involvement in NK cells such as NKp44 on CB should 

be carried out. Thirdly, studies to better understand the signalling during 

CB NK interaction with target cells are needed. Finally, the potential of 

NK cells to mediated the GVL effect and prevent relapse depends on the 

number and the cytotoxic capacity of CD56+. However, the number of 

NK cells in the CB graft might not be enough to mediate GVL effect in 

adult patient and /or re-induce remission in relapsed patients. The 

findings of this thesis implicated that CB have the potential to induce 

target cell death similar to adult NK cells, and they are also more 

responsive than adult to the cytokines stimulation. Therefore, these 

results may suggest that if CB NK cells are adequately amplified they 

can be used for adoptive cell mediated immune therapy. There is a need 

to develop an in vitro culture system to expand CB NK cells. Further, 

after optimizing the culture conditions for expansion, the expanded CB 

NK cell will be assessed for their cytotoxic capacity, and the 

mechanisms of cell death (Granzyme B/Perforin and Fas/FasL pathways) 

against fresh leukemia target cells. If CB NK cells have the ability to be 

amplified, this could have an important implication for CB potential to 

be used in adoptive cellular immune therapy following CBT.

That in addition to the assessment of the cytotoxic capacity of CB T cells 

using the new flow cytometric assay.

Also, dendritic cells are the most important cells in the initiation of the 

immune responses and the main stimulator of T cells responses.

Recently the role of DC in stimulating NK cytotoxicity by up-regulating
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both perforin/granzyme B and Fas/FasL pathways has been observed (Yu 

et ah, 2001). Therefore, infusion of selected NK cells that has been 

activated with DC may enhance the antineoplastic cytotoxicity of NK 

cells. Further investigations are needed to understand the interaction of 

CB NK cells with DCs.

Reduced severity and /or incidence of GVHD has characterized CBT, 

and this is mainly due to the altered biology of CB T cells. However, the 

results of this study showed that the cytotoxic capacity of CB NK is 

intact and therefore, NK cells from CB may play an important role in 

mediating GVL following CBT.
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Appendix 1 ; Results of APB and CB M NCs cytotoxicity using
release assay.

Adult Peripheral Blood 

(Fresh
Ratios
(E:T)

APB 5 APB 7 APB 8 APB 9 APBIO A PB ll

160:1 66% 48% 65.30% 84.60% 53.90% 50%
80:1 63% 50% 53.30% 71.70% 13% 28.90%
40:1 58% 31.30% 28.80% 47.80% 15% 14.80%
20:1 45% 14.60% 14.30% 29.40% 2% 6.60%
10:1 33% 6% 6.60% 7.40% 0 0.00%
5:1 22% 1.30% 0.09% 0 0 0.00%

(Depleted)

Ratios
(E:T)

APB 5 APB 7 APB 8 APB 9 APBIO A PB ll

160:1 77% 75.10% 47.80% 56.50% 50.30% 60.80%
80:1 68% 51.30% 40.30% 52% 43.70% 57%
40:1 56% 43.90% 53.80% 45% 33.30% 31.80%
20:1 49% 24.10% 27.80% 22.50% 23% 16.90%
10:1 36% 6.30% 30.60% 14.50% 10.50% 9.40%
5:1 20% 3.90% 11.90% 3.10% 5.70% 2.50%

(Frozen)
Ratios
(E:T)

APB 5 APB 7 APB 8 APB 9 APBIO A PB ll

160:1 38.90% 0% 12.20% 24% 22.40% 4.40%
80:1 21% 7.60% 4.90% 10% 19% 1.24%
40:1 12.60% 6.30% 2.10% 5% 10.60% 0
20:1 3.90% 2.30% 2.10% 3% 6.30% 0
10:1 2.90% 2.30% 0 0.70% 0 0
5:1 1.50% 0.36% 0 0 0 0
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Cord Blood

(Fresh)
Ratios

(E:T)

CBl CB2 CB3 CB4 CB5 CB6 CB7 CB8 CB9 CBIO

160:1 18.0% 4.0% 26.70% 14.8% 53.0% 28.7% 32.8% 28.0% 43.5% 49.0%
80:1 6.0% 2.0% 29.13% 10.0% 12.0% 7.2% 19.2% 20.0% 35.2% 32.2%
40:1 1.7% 4.0% 20.30% 4.4% 13.2% 7.7% 11.6% 13.5% 18.8% 19.4%
20:1 0.0% 0.0% 12.10% 0.5% 8.5% 2.7%. 5.5% 7.2% 12.0% 10.0%
10:1 0.0% 0.0% 7.10% 7.0% 6.3% 0.2% 2.0% 4.7% 8.6% 5.0%
5:1 0.0% 0.0% 3.50% 7.0% 8.2% 0.0% 2.8% 7.7% 6.4% 16.8%

(Depleted)
Ratios
(E:T)

CBl CB2 CB3 CB4 CB5 CB6 CB7 CB8 CB9 CBIO

160:1 22.80% 1.30% 4.40% 4.40% 16.40% 53.50% 12.20% 11.60% 14.20% 0.32%
80:1 13% 0% 0% 0.40% 6.20% 35.40% 9% 1.50% 9.70% 0%
40:1 2.50% 0% 0% 0% 2.50% 20.20% 4.20% 4.44% 15% 0%
20:1 0% 0% 0% 0% 0% 9% 2.30% 3.10% 4.10% 0%
10:1 0% 0% 0% 0% 0% 7.00% 3.10% 5.80% 6.90% 0%
5:1 0% 0% 0% 0% 0% 4.70% 2.50% 2.80% 1.20% 0%

(Frozen)
Ratios
(E:T)

CB2 CB3 CB4 CB5 CB7 CB8 CB9 CBIO

160:1 6.50% 2.1% 5.70% 12.50% 0% 0% 0% 0%
80:1 3.70% 2.0% 4.50% 11.20% 0% 5% 18.50% 0%
40:1 2.60% 8.2% 1.20% 6.40% 0% 4% 10% 0%
20:1 0% 6.3% 1.20% 4.03% 0.30% 0% 6% 0%
10:1 0.90% 6.1% 0.40% 3.10% 2% 0.50% 4% 0%
5:1 0% 5.0% 0% 0.10% 0.10% 0% 0% 0%
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Appendix 2: The effect o f cytokines (IL-2, IL-12, IL-15 and
IL-18) on the functional activity o f purified NK
cells from APB.

A PB -IL -2
24 hours 
Total Killing

Dose 452 3 994 733
0.1 ng/ml 27 21 15 15
1 ng/ml 28 26 35 30
5 ng/ml 40 30 36 31
10 ng/ml 56 41.4 45.4 48
50 ng/ml 50 59 49 61
100 ng/ml 35 62 59 65
200 ng/ml 45 60 53 60
400 ng/ml 50.2 44 49.3 68

48 hours 
Total Killing

72 hours 
Total Killing

Dose 452 3 994 733
0.1 ng/ml 31 28 25 17
1 ng/ml 24 25 29 27
5 ng/ml 36 20 31 29
10 ng/ml 67.2 35.3 48 52
50 ng/ml 57.8 30 58 60
100 ng/ml 48.1 36 66 68
200 ng/ml 57.4 37 69 65
400 ng/ml 46 29 61 70

Dose 452 3 994 733
0.1 ng/ml 36 28 33 30
1 ng/ml 50 41 42 25
5 ng/ml 68 61 45 38
10 ng/ml 90.2 87.4 55 57
50 ng/ml 98 88 57 76
100 ng/ml 8Z8 89.3 55 85
200 ng/ml 87 88.3 42 88
400 ng/ml 88 91.3 50 93
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APB with IL-12
24 hours

Total Killing
Dose 452 3 994 773

0.1 ng/ml 30 19 20 25
5 ng/ml 41 18 20 17
10 ng/ml 48 28 19 30
25 ng/ml 59 37 30 60
50 ng/ml 48.2 51 38 62
100 ng/ml 61.2 35 39 67
250 ng/ml 32 48.3 40 50
500 ng/ml 59 47.6 51 61

48 hours 
Total Killing

72 hours 
Total Killing

Dose 452 3 994 773
0.1 ng/ml 20 16 19 16
5 ng/ml 32 29 16 11
10 ng/ml 45 43 25 20
25 ng/ml 42.4 21 23 31
50 ng/ml 42 24.4 24 35
100 ng/ml 43.5 29 23 42
250 ng/ml 50 26 42 41
500 ng/ml 50 17 50 42

Dose 452 3 994 773
0.1 ng/ml 49 31 42 30
5 ng/ml 67 32 30 25
10 ng/ml 83 46 48 38
25 ng/ml 95 73 75 75
50 ng/ml 96 77 83 86
100 ng/ml 96.3 70 86 82
250 ng/ml 97.1 76 76 85
500 ng/ml 97.4 82 86 93
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APB with IL-15

24 hours
Total Killing

Dose 452 3 994 733
0.2 ng/ml 29 23 30 24
0.5 ng/ml 30 26 32 20
1 ng/ml 30 38 41 35
2 ng/ml 25 38 51.3 40
10 ng/ml 44.2 44 49 42
20 ng/ml 48.6 36 59 45
40 ng/ml 37.1 64 50 50
100 ng/ml 50 55 47 55

48hours 
Total Killing

Dose 452 3 994 733
0.2 ng/ml 27 17 40 28
0.5 ng/ml 30 15 45 35
1 ng/ml 40 20 60 35
2 ng/ml 38.5 31 66 45
10 ng/ml 45.5 36 67 51
20 ng/ml 42.4 38.3 69.3 53
40 ng/ml 41.41 42 63 60
100 ng/ml 45.4 35 69.3 65

72hours 
Total Killing

Dose 452 3 994 733
0.2 ng/ml 60 49 50 47
0.5 ng/ml 56 53 61 48
1 ng/ml 86 77 75 70
2 ng/ml 94.5 86 84 77
10 ng/ml 94 81.3 84 86
20 ng/ml 95.2 83 85 90
40 ng/ml 98 75 84 91
100 ng/ml 98 70 88 92
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APB with IL-18

24 hours
Total Killing

Dose 452 3 994 733
0.1 ng/ml 3 0 0 15
1 ng/ml 4 8 7 16
5 ng/ml 10 15 20 19
10 ng/ml 26 32 28.4 31
50 ng/ml 27.2 29 38.3 34
100 ng/ml 22.1 31 32 33
500 ng/ml 21 34 28 29
lOOOng/ml 31.43 32 32 31

48 hours 
Total Killing

Dose 452 3 994 733
0.1 ng/ml 18 10 20 18
1 ng/ml 20 16 15 20
5 ng/ml 33 20 31 28
10 ng/ml 45.3 25 42 40
50 ng/ml 50.6 14 32 32
100 ng/ml 48 28 42 41
500 ng/ml 42.7 14 41.2 36
lOOOng/ml 38 12 38 33

72 hours 
Total Killing

Dose 452 3 994 733
0.1 ng/ml 20 12 10 15
1 ng/ml 43 21 30 13.4
5 ng/ml 68 35 56 28
10 ng/ml 96.3 61.1 74 63
50 ng/ml 96.2 67.2 72 78
100 ng/ml 93 60 79.4 87
500 ng/ml 97.2 75.2 84.2 90
lOOOng/ml 94 79 86 91
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Appendix 3: The effect of cytokines (IL-2, IL-12, IL-15 and 
IL-18) on the functional activity of purified NK 
cells from CB.

CB with IL-2

24 hours 
Total Killing

Dose CB43 CB48 CB2163
0.1 ng/ml 32 28 33
1 ng/ml 36 32 38
5 ng/ml 73 47 56
10 ng/ml 79 81 75
50 ng/ml 79 78.3 80.1
100 ng/ml 84 71 86
200 ng/ml 86.7 80.3 88.3
400 ng/ml 80 81 84

48 hours 
Total Killing

Dose CB43 CB48 CB2163
0.1 ng/ml 33.5 35 42
1 ng/ml 56 59 61
5 ng/ml 70 62 73
10 ng/ml 74 75 82.3
50 ng/ml 63 63 85.3
100 ng/ml 59 61 84.34
200 ng/ml 51 85 93
400 ng/ml 52 86 92

72 hours 
Total Killing

Dose CB43 CB48 CB2163
0.1 ng/ml 31 59 51
1 ng/ml 60 74 71
5 ng/ml 91 87 86
10 ng/ml 89 95 93
50 ng/ml 91 93 90.4
100 ng/ml 90 91 88.2
200 ng/ml 78 93 92.1
400 ng/ml 90 94 80
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CB with IL-12

24 hours
Total Killing

Dose CB43 CB48 CB2163
0.1 ng/ml 38.3 37 40
5 ng/ml 50 43 48
10 ng/ml 51 54 51
25 ng/ml 51.3 50 52
50 ng/ml 51.3 59 55
100 ng/ml 55 60 43
250 ng/ml 51 61 40
500 ng/ml 51 60 39

48 hours 
Total Killing

Dose CB43 CB48 CB2163
0.1 ng/ml 69 77 41
5 ng/ml 68 70 49
10 ng/ml 72 79 51
25 ng/ml 69 86.1 52.4
50 ng/ml 62 85 53
100 ng/ml 72 89.4 53
250 ng/ml 81.2 93 59
500 ng/ml 78 96 53

72 hours 
Total Killing

Dose CB43 CB48 CB2163
0.1 ng/ml 49.2 66 70
5 ng/ml 50 71 79
10 ng/ml 80 85 81
25 ng/ml 89 90 85
50 ng/ml 87 90* 81
100 ng/ml 80 88 84
250 ng/ml 88 62.4 70
500 ng/ml 60 44.8 71
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CB with IL-15
24 hours

Total Killing
Dose CB43 CB48 CB2163

0.2 ng/ml 48 53.4 52
0.5 ng/ml 60 66 63
1 ng/ml 87 65.6 78
2 ng/ml 87 76.3 72
10 ng/ml 91.5 75.6 62
20 ng/ml 89 77.1 74
40 ng/ml 88.3 82 76
100 ng/ml 90 79 82

48 hours 
Total Killing

Dose CB43 CB48 CB2163
0.2 ng/ml 55 57.2 60
0.5 ng/ml 70 72.4 81
1 ng/ml 88 84.2 89
2 ng/ml 82 79 93
10 ng/ml 82.1 78 94
20 ng/ml 80 73 92
40 ng/ml 81 80 93
100 ng/ml 85 90 90

72 hours 
Total Killing

Dose CB43 CB48 CB2163
0.2 ng/ml 70 67.3 67.3
0.5 ng/ml 71 74 74
1 ng/ml 92 89 91
2 ng/ml 89 88 93.7
10 ng/ml 91 91.2* 97
20 ng/ml 92 90 96
40 ng/ml 92 87 93
100 ng/ml 89 89 88.3
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CB with IL-18
24 Hours

Total Killing
Dose CB43 CB48 CB2163

0.1 ng/ml 34 26.2 31
1 ng/ml 30 26 32
5 ng/ml 33.5 33 30
10 ng/ml 36 31 17.2
50 ng/ml 32 30 65
100 ng/ml 34 39 80
500 ng/ml 36 50 20
lOOOng/ml 28 53 21

48 Hours

Dose CB43 CB48 CB2163
0.1 ng/ml 26.2 40 16
1 ng/ml 26 42 18
5 ng/ml 33 49 20
10 ng/ml 31 58.1 14
50 ng/ml 30 62.1 14
100 ng/ml 39 73.3 8
500 ng/ml 50 84 11.2
lOOOng/ml 53 81 14

72 Hours

Dose CB43 CB48 CB2163
0.1 ng/ml 47 61 66
1 ng/ml 60.2 73 78
5 ng/ml 63.2 77.3 89
10 ng/ml 85 86 92
50 ng/ml 80 80 58
100 ng/ml 79 79 55
500 ng/ml 73 87 65
1000 ng/ml 70 83 66
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Appendix 4; The expression of MHC Class I (CD94, CDKIR, 
CD158a, CD18b) and CD161 receptors in relation 
to GDI6, CD56 and CD57 on purified NK cells 
from APB.

APB 818J CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 16.3 262 23.23 159.3 12.3 385

CD161 84.5 61 86.4 56 20.1 345.4

CD 94 74 111 80 102 17 379

CD 158a 25 71.1 48 48 11 350

CD 158b 26.3 232 34.4 120 9 327

Receptors %

CD 94 57

CDKIR 10

CD158a 14

CD158b 9

CD161 64.5

APB 058 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 24 138 23.3 143 14 280

CD161 77.3 31 72.2 32.4 26 101

CD 94 70 43 66 429 19 240

CD158a 27.1 52 35.1 53 22 219

CD158b 35 298 35 302 17 326

* MFI= Mean
Fluorescence Intensity

Receptors %

CD 94 84.4

CDKIR 24.4

CD158a 28.2

CD158b 36

CD161 82
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APB 5700 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 90 375 26.2 144 12 197

CD161 87 370 33 74 16 40.1

CD 94 87 371 70 430 33 110

CD158a 86.4 405 36 60 20.1 87

CD158b 86 401 36 303 32 321

Receptors %

CD 94 91

CDKIR 91

CD158a 90

CD158b 90

CD161 92

APB 228R CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 20 130 25 143 0.2 22

CD161 82 53 80.2 55 33 29

CD 94 85 77 85 86 20 37

CD158a 32 65 34.2 60 18 31

CD158b 25 205 23.3 246.4 20.2 169.3

Receptors %

CD 94 85.4

CDKIR 32

CD158a 19.2

CD158b 45

CD161 81.3

* MFI= Mean 
Fluorescence Intensity 230



APB 236R CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 32 394 32 239 7.3 272.1

CD161 84 390 63 38 13.4 34

CD 94 71 60 56 71 15 78

CD158a 12 44 9 54.4 3 33.1

CD158b 40 307 34 348 11 381

Receptors %

CD 94 44

CDKIR 95

CD158a 20.5

CD158b 22.3

CD161 63

APB 004 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 29.1 205 29.2 566 26.2 76.1

CD161 66 33.2 65.2 548 22.4 25

CD94 38 433.5 40 76.3 25 44.1

CD158a 28.5 518.2 29 63 17.5 38

CD158b 49 528 49 277 38 169.4

Receptors %

CD 94 64

CDKIR 31.1

CD158a 42

CD158b 56

CD161 87

* MFI= Mean
Fluorescence Intensity
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APB 286 2 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 3 1133 3 184 6 190

CD161 53 472 19 48 31 27

CD 94 84 399 75.2 557 52 512

CDlSSa 6 1074.2 9 58 5 45

CDlSSb 24 877 26.4 290.4 13.5 215

Receptors %

CD 94 84

CDKIR 10

CD158a 26

CD158b 24

CD161 52

APB 556 5 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 2.4 782 4 10 3 16

CD161 75.3 698 77 33.3 39.3 25

CD 94 82 729 81 87 55 59.3

CD158a 42 953 43 68 30 37

CD158b 46 806 50 352 41 277

Receptors %

CD 94 50

CDKIR 24.4

CD158a 28

CD158b 30

CD161 70

* MFI= Mean 
Fluorescence Intensity
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APB 006 B CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 24.4 347 23.4 313 19.4 178

CD161 56 48 61 42 27.2 36

CD 94 46.3 92.3 54.3 80 27.1 55

CD158a 27 69 29 60.5 13 39

CD158b 42 517.5 42 450 36 341

* MFI= Mean 
Fluorescence Intensity

Receptors %

CD 94 55

CDKIR 24

CD158a 27

CD158b 46

CD161 59
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Appendix 5: The expression of MHC Class I (CD94, CDKIR, 
CDlSSa, CD18b) and CD161 receptors in relation 
to CD16, CD56 and CD57 on purified NK cells 
from CB.

Cord Blood
CB 131 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 45 39 36 43 2 10

CD161 72 47 64.5 48 4 36

CD 94 88 163 84 181.1 7 24

CD 158a 12 33 10 35 2 47

CD 158b 25 427.3 23.2 434 3 17

Receptors %

CD 94 90

CDKIR 51

CD158a 20

CD158b 28

CD161 80

CB 129 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 31 88 26 99 3 20

CD161 86 53 86 55.1 10 42

CD 94 77 78.8 76 98 11 38

CD 158a 51 52 43.5 59.2 4 31

CD 158b 65.3 137 50 187 3 40

Receptors %

CD 94 86

CDKIR 25

CD158a 55

CD158b 63

CD161 87

* MFI= Mean
Fluorescence Intensity
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CB 956 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 8 5 6.55 122.9 0.3 36.4

CD161 84.4 409 66.5 60.7 3 57

CD 94 85.2 450 74 222 2.2 125.6

CDlSSa 21 441 16.3 63.7 1 66

CDlSSb 27 490 21 447 1.3 488

Receptors %

CD 94 93

CDKIR 12

CDlSSa 31

CDlSSb 40

CD161 95

CB ISIL CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 15.3 504.1 12.3 111.4 3 103.3

CD161 2 395 70.2 49 11.5 47

CD 94 67.2 361 61 102.1 9 62

CD ISSa 27 505 21.3 67.5 5 SO

CD ISSb 22 411 18 46 4 358

Receptors %

CD 94 78

CDKIR 15

CDlSSa 26.1

CDlSSb 22.2

CD161 89

* MFI= Mean 
Fluorescence Intensity
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CB415 5 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 23 369.4 21.3 384.1 1 429

CD161 83 76 81 77 2.2 60

CD 94 84 195 83.4 213 3 161.4

CD 158a 33.1 105 31 112.3 1.4 115

CD 158b 40.1 74.3 37.3 826.3 2.3 962.1

Receptors %

CD 94 90

CDKIR 23

CD158a 36

CD158b 42.4

CD161 90

CB 394 K CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 13 530 10 108.2 1 193

CD161 81.3 433 65 58 4 7

CD 94 69 247 80.4 393.1 3 231

CD 158a 18.3 369 10 45.5 1.2 170

CD 158b 28 494 22 389 2 701

Receptors %

CD 94 93

CDKIR 13.4

CD158a 12

CD158b 26

CD161 86

* MFI= Mean 
Fluorescence Intensity
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CB 659 2 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 83.23 734 82 370 4 380

CD161 91 557 83 79 6 94

CD 94 92 693 91 584 4 234

CD 158a 84.5 804 81.3 792 2 24

CD 158b 85.3 594.2 79 526 13 812

Receptors %

CD 94 95

CDKIR 85

CD158a 94.4

CD158b 69.2

CD161 98

CB 349 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 20 611 20 610 5 509

CD161 75 171 71 175 14.3 161.3

CD 94 79 471 80 482 17 364

CD 158a 20.5 201.35 20 206 7 136.1

CD 158b 38.1 1505.5 37.3 1152.4 518 1371

Receptors %

CD 94 87

CDKIR 22

CD158a 28.4

CD158b 40.4

CD161 92.2

* MFI= Mean 
Fluorescence Intensity
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CB 526 CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 30 1127 30 1147 20 728

CD161 94 258.5 92.5 257 46.2 268

CD 94 68 444 66.2 479.3 40.2 280

CD 158a 20 523 19 531 30 696

CD 158b 38.6 1782 38 1766 22.4 123.7

Receptors %

CD 94 94

CDKIR 30

CD158a 19.3

CD158b 38.3

CD161 94.2

CB 382 C CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 4 271 2.4 64 0.1 18.4

CD161 85.1 2057 9.3 57 7 70

CD 94 88 3191.3 65 759 6 63

CD 158a 45 1856 35 49 4 46

CD 158b 38 1465 28 47 5 70

Receptors %

CD 94 95

CDKIR 4

CD158a 60.4

CD158b 58.2

CD161 98

* MFI= Mean 
Fluorescence Intensity
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CB 346K CD 16 CD 56 CD 57

Receptors % MFI* % MFI* % MFI*

CDKIR 12 572 10 569.3 1.3 600

CD161 58 75 48.4 74 8 87.4

CD 94 69 243 64 268.3 8 227

CD 158a 22 111 19 114 3.4 157

CD 158b 29 164 24.3 822 4 915

* MFI= Mean Fluorescence
Intensity

Receptors %

CD 94 89

CDKIR 13

CD158a 35.4

CD158b 35

CD161 97.4
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Appendix 6

CB NK Cells
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The effect of IL-15 on the expression of CD16+CD56-on purified NK cell from CB. The figure is a 

representative sample of one CB NK cells incubated with IL-15 for 72 hours.
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Appendix 7

An Example of Double Immunofluorescein Staining of CD16/CD94 and 
CD16/CD161 of Purified NK Cells From CB
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