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Killer cell immunoglobulin-like receptors (KIRs) are subpopulation of
receptors on NK cells. The ligands for most KIRs are HLA class I. The lack of HLA
lisand for KIR receptor known as missing KIR ligand plays a role in the elimination
of malignant cells by a graft-versus leukemia (GVL) effect. The aim of this study was
to analyze the impact of missing KIR ligand on clinical outcome. This study was a
retrospective analysis in patients undergoing T-replete hematopoietic stem cell
transplant from HLA-identical sibling donors. We investigated 66 patients, including
40 patients with AML, 12 patients with ALL and 14 patients with CML. The KIR genes
and HLA ligands were typed by polymerase chain reaction-sequence specific
oligonucleotide probe (PCR-SSOP). We found that as high as 58 patients (87.9%) had
at least one missing KIR ligand, while only 8 patients (12.1%) had no missing KIR
lisand. There was no significant association of 1 or more than 1 missing KIR licand
on the clinical outcome regarding relapse, GVHD, and survival. However, the 2 or
more than 2 missing KIR ligands could improve patient outcome e.g., reducing
relapse (p-value=0.035), particularly in the AML patients (p-value=0.033). Moreover,
this model could influent clinical outcome by reducing acute GVHD (p-value=0.005).
In AML patients, significant association could also be found with increased survival
rate (p-value=0.018). In addition, a dose effect of missing KIR ligand could impact
patients clinical outcome on relapse, aGVHD and survival. This result is important
for the considering of KIR missing ligand in the donor selection along with HLA

matching and the development of NK adoptive therapy for AML treatment.
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CHAPTER |
INTRODUCTION

Background information and rationale

Hematopoietic stem cell transplant (HSCT) has been a standard treatment for
hematological malignancies. Three different sources include bone marrow (BM),
peripheral blood stem cells (PBSC) and cord blood (CB). The human leukocyte antigen
(HLA) identical sibling is the important source of allogeneic hematopoietic stem cell
transplantation (HSCT). Although HLA antigens are fully matched, cancer relapse and
graft-versus-host disease (GVHD) remain problems for overall survival of the patients.
NK cells play an important role in immunity against viral infection and allogeneic
cancer, particularly cancer cells of hematologic malignancy. NK cells express several
receptors including activating, inhibiting, adhesion and cytokine receptors. Killer cell
immunoglobulin-like receptors (KIR) are a family of transmembrane glycoproteins
expressed on NK cells. The KIR gene is located on human chromosome 199g13.4 and
is inherited independently of HLA on chromosome 6; therefore, NK cells may express
KIR in which they have no HLA ligand. Therefore, there are possibilities of persons
who lack KIR receptors for their HLA ligands. There are several evidences that NK cell
alloreactivity can contribute to the clinical outcome of hematopoietic stem cell
transplantation through KIR and HLA molecules. The situation in HLA nonidentical
transplants in which the donor NK cells encountered recipient target cells lacking HLA
class I allele present in the donor HLA genotype can be called “KIR-ligand mismatch”.
Interestingly, this KIR ligand mismatch can improve overall survival by mediate
antileukemic effects and even decrease acute GVHD, particularly in myeloid leukemia.
Moreover, the NK graft versus leukemia (GVL) effect is not only occur in HLA
nonidentical transplantation, as is required for the KIR ligand incompatibility studies,
but instead can be observed in the “missing KIR-ligand” situation that can be found
even in HLA-identical transplants. In the latter case, the NK cells from the donor who
has missing KIR-ligand can mediate the GVL effect in the HLA identical recipient.
Therefore, the KIR-HLA class | relationship between recipient and donor might become

the additional part of the donor evaluation and selection process. A better



understanding of the biologic mechanisms involved in the observed effects should be

further investigated.

The missing ligand effect in HLA identical transplantation has been mostly
shown to decrease leukemia relapse and improve survival in acute myeloid leukemia
(AML) and myelodysplastic syndrome (MDS). However, some studies also report no
association or even contradict result. There are several reasons for the differences
including the variation in treatment protocols, the type of disease treated, disease
stage, patient age, conditioning regimen, GVHD prophylaxis and stem cell source. Only
one previous study has been reported in Thai population about the effect of KIR
genotype in HLA-identical sibling HSCT with leukemia. Their result showed no
difference in clinical outcome correlated with missing KIR ligand but reported an

association with activating KIR genotype [1].

In this study, we aimed to analyze KIR genes in HLA-identical sibling and the
effect of missing KIR ligand and activating KIR on the outcome of HSCT in another

independent set of Thai patients with leukemia.
Research Question/Objective

To study the association between HLA class |, KIR genotypes and missing KIR ligand
and clinical outcome in Thai patients with hematological malignancies receiving HLA-

identical HSCT?

Benefits

We can use this result as a reference data in Thai population to select the best donor
KIR for optimal outcome following transplantation and to predict the outcome after
donor KIR transplantation for hematologic malignancy. Moreover, it is a basic
knowledge to use NK cells in donor KIR transplantation as adoptive immunotherapy

against hematological malignancies.



CHAPTER Il
LITERATURE REVIEW

Haematopoietic Stem Cell Transplantation (HSCT) in Cancer

From the 1950s, E. Donnall Thomos who was later rewarded with a Nobel Prize
was a pioneer using haematopoietic stem cells from bone marrow. That work showed
that the bone marrow can produce new blood cells and also lower of development
of a threatening graft-versus-host disease [2]. In 1958, Georges Mathe who is oncologist
performed the bone marrow transplant on five nuclear workers whose marrow had
been damaged by irradiation. Later in 1963, he used the bone marrow transplants in
the treatment of leukemia [3]. In 1968, Robert A. Good is the physician first performed
the successful human bone marrow transplant on immunodeficiency disease other
than cancer [4]. Next in 1975, John Kersey also performed the first successful bone
marrow transplant to cure lymphoma which resulted in the longest-living lymphoma
transplant survivor [5]. Many leukemia patients who were already resistant to
chemotherapy would have benefit from HSCT. Most transplantation to cure
hematological malignancies disease used allogeneic HSCT that appear to improve
chances for cure cancer or long-term survival [6, 7]. The perfect allogeneic HSC donors
must have human leukocyte antigen (HLA) type that matches the recipient. The
preferable allogeneic transplant donors are HLA matched between patient and sibling
donor as HLA identical matched sibling. However, in case that an identical sibling donor
is not available, the patients can be offered source of HLA matched stem cells from
unrelated donors who have very close degree of HLA matching. Unrelated donors may
be found through a registry of bone marrow donors. In general, matching is performed
on the basis of variability at three (HLA-A, HLA-B and HLA-DR) or more HLA gene loci.
Currently, the National Marrow Donor Program recommends to test for all six of these
HLA genes (HLA-A, HLA-B, HLA-C, HLA-DR, HLA-DQ and HLA-DP) before transplant
process. Currently, there are 3 sources of HSCT. First, stem cells from the bone
marrow, which are removed from a laree bone of the donor by a large needle
performed under anesthesia. Second, the most common source of stem cells for

allogeneic HSCT nowadays is peripheral blood stem cells. These are collected from


http://en.wikipedia.org/wiki/General_anesthesia

the blood through a process known as apheresis. The peripheral stem cell is boosted
by daily subcutaneous injections of granulocyte-colony stimulating factor (G-CSF) to
mobilize stem cells from the donor's bone marrow into the peripheral circulation.
Third source of HSCT is the cord blood, which contains less and rather naive T cells.
However, the amount of the HSCT might be suitable only to pediatric patients. The
drug or total body irradiation that is given prior to a transplant is called the conditioning
regimen. This process aim to help reducing the cancer cells in the patient before the
infusion of the newly donor cells and also suppress immune reactions to allow the

HSCT to engraft.

In HSCT, the major complication is the graft-versus-host disease (GVHD). Since
the conditioning regimen clears all the immune cells in the patients, graft rejection
from host immune response is minimal. Instead, the T cells from the donor respond
against recipient host. When transplanted into the patient, the donor’s T cells identify
the host cell as non-self and attack patient’s tissues and organ mainly against the
mismatched HLA. It can be classified into acute and chronic forms on the basis of
histological pattern. Acute GVHD usually occurs during the first 100 days after
transplanted. The effector T cells cause epithelial cell injury including skin, liver,
gastrointestinal tract [8]. Chronic GVHD usually develops after 100 days after
transplanted. It is believed to mediate by the new T cells that are produced after
donor cells are engrafted. Patients are characterized by fibrosis and atrophy of one or
more of the organs. Chronic GVHD may involve product obliteration of small airways.
When it is severe, chronic GVHD leads to complete dysfunction of the organ and may
be fatal [9]. After the transplantation, immunosuppressive drugs are necessary to
prevent the acute and chronic graft-versus-host disease (GVHD) by donor’s immune
system. These drugs can cause other side effect e.g., opportunistic infections and
cancer relapse [10]. If the patients and their donors have very similar HLA, the chance
of GVHD will be reduced [11]. Another technique sometimes used to reduce incidence
of GVHD is called “T cell depletion” by removing mature T cells from donor’s grafts
[10]. Moreover, although HLA antigens are fully matched, GVHD can still occur against

minor histocompatibility antigens [12].
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Cancer relapse remains the most frequent cause of treatment failure and
mortality in HSCT. Relapse is the return of cancer after treatment[13]. The possible
explanation is that the cancer may be resistant to treatment, chemotherapy or
radiation. The cancer cells that are left behind can then grow and show up again.
Another reason is from the immune system weakens, and the disease undergoes
immune escape as a result leukemia will recur [14]. The term graft-versus-leukemia
(GVL) effect of the allograft, mediated through donor-derived T cells and NK cells is a
powerful effect that can control the allogeneic recipient’s leukemic cells from
relapsing [15-17]. HLA mismatching is associated with increased GVL resulting in a lower
risk of relapse [18, 19]. After this observation, an alternative approach has been used
to enhance GVL by selecting haploidentical donors or mismatch HLA donors [20, 21].
These grafts contain donor T lymphocytes and Natural killers (NK cells) that are
beneficial to eliminate malignant residual leukemic cells [15, 16]. It is clear that donor
T lymphocytes are established immunity against malignancy cells by destroying
residual leukemia cells, whereas the manipulated T cell depletion has been associated
with a loss of graft-versus-leukemia (GVL) activity, particularly in patients undergoing
BMT for CML [22, 23]. The donor cytotoxic T lymphocytes (CTLs) can largely mediate
this respond but this protocol has the disadvantage of causing severe GVHD [24]. The
donor NK cells can also be employed, particularly in T-cell-depleted HSCT [15]. The
alloreactive NK cells represent an attractive source of GVL-reacting cells, which

believed to have the advantage of minimized GVHD [25].
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Figure 1. NK cell activation in the absence of MHC class | (missing self) or non-self
[26].

Role of Human NK cells in Cancer

Natural killer (NK) cells are a subset of innate lymphoid cells [27]. They are
established as the first member to defend against viral infections and cancer cells [28].
Many cancer cells are capable of immune escape to HLA-restricted cytotoxic T
lymphocytes (CTLs) by the loss of class | molecules. However, NK cells have been
described as alternate effectors cells populations to destroy cancer cells because the
NK cells sense a loss of MHC class | on the target cells. This mechanism is called the
missing-self hypothesis. Normally, the NK cells posses the NK inhibitory receptors,
which can bind to MHC class I: therefore, preventing NK cell from activation to normal
healthy cells (Figure 1a). In the tumor cells that loss the MHC class | expression (missing
self) to interact with the inhibitory receptor on the NK cells, the NK activating receptors
will be activated and result in tumor lysis (Figure1b) [29, 30]. In addition, each inhibitory
receptor has specificity to certain MHC allele. In the case of non-self in which the MHC

ligand on the target cell cannot bind and inhibit NK cells, it will result in cell lysis as



well (Figure 1c). The main effector functions of NK cells are the cytotoxic granules,
the death-receptor-ligand, and the nitric oxide to lyse the target cells. The main

cytokine produced by NK cell is interferon gamma (Figure 2) [31].

a Granule exocytosis pathway

NK actvating

recepion
— /,—\
o/ O
>?'/ F\ Caspase-dependeant
, and -indegendent
- O A ~—_ death pathways
. oo ° 3
%S ‘%&3’
OM‘;(O
N innibitcry | Cell death
receptor w Tumcur cells

Granule exocytoss
(medated release of
parforn and granzymes)

b Death-receptor pathway

S Vs e
FASL A~ ) )/O) s
h 7 '// 3
- =55C . £
' /

o
> 5 '

25 C

o
P/ Kh"‘ o
3 —t—
‘ O_b Tumcur cells Apoptasia

THAILR
{DR4 and CRS5)

NK ceall

© IFN-y, nitric oxide /A\’}/"\\]
O
NK cel | I\ ™ ~/7{’/
Y

" ES
f -
P \ |
@ [ D S I Inciustion of MHC malecules
b ( Anti-angiogenic effect
_,—@ ®/

T Cytotoxicity o
Acl‘n.-aucnk ~ 2% —;— Tumcur cells

Ninc oxice

Nature Reviews | Cancer

Figure 2. Functional NK cells in eliminated tumor cells [31].

NK cells possess various receptors on their surface, which composed of both
activating signals and inhibitory signals (Figure 3) [32]. Natural killer cell function is
determined by the net effect of signaling by activating and inhibitory receptors (Figure

4) [33]. The negative signals are provided by the killer cells inhibitory receptors (KIR)



recognizing HLA class | molecule, and positive signals are produced by stress-induced

ligands for viral infection or cancer.

Inhibitoryreceptors Activatingreceptors
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Figure 3. Expression of activating and inhibitory receptors on NK cell [32].
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Figure 4. NK cell activation on balancing of activating and inhibitory receptors [33]




Education of NK cells

NK cells mature in the bone marrow. They undergo an education process
similar to other lymphocytes [34]. They protect the host cells from pathogen invasion
while avoiding mechanisms of autoimmune responses [35]. During NK cells
development in the bone marrow, they are educated to distinguish healthy from
abnormal tissues. First in education process, inhibitor receptor will engage cognate
autologous MHC class | results in the generation of functional effector NK cells in
peripheral. This process has been called licensing of NK cells [36, 37]. The failure of
the inhibitory receptors to engage to MHC class | will generate a subset of anergic or
hyporesponsive peripheral NK cells, since their receptors are absence or lack of
interaction with self MHC class | [38-40]. All these process are thought to ensure that

NK cells do not response to healthy self-tissue.
Killer immunoglobulin-like receptor (KIR)

Killer cell immunoglobulin-like receptor (KIR) is a family of transmembrane
glycoproteins expressed on NK cells. They are key regulators of the tolerance and
activation of NK cells [33]. The KIR receptors are encoded by the leukocyte receptor

complex (LRC) gene on human chromosome 19qg13.4 (Figure5).

Human chromosome 19q13.4 (~0.7 Mb)

LILRB5S
LILRB2
LILRA3
LILRAS
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TTYH1
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CDC42EP5
LAIR2
KIR3DLO
LILRA2
LILRA1
LILRB1
LILRB4
LILRP1
NKP46

LILRB3
LILRA6

LILR cen LILR tel KIR

Figure 5. The leukocyte receptor complex (LRC) with KIR genes [41]

The major ligands for KIRs are HLA (MHC) class | (HLA-A,-B,-C) molecules.
Interestingly, KIR and HLA genes are inherited independently [42]. The structural
features of KIRs are based on their extracellular domains including 2D or 3D standing

for the number of lg-like domains and based on the length of cytoplasmic tails
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including L or S for long or short tails, respectively. The transmembrane portions of
the KIR molecules can reflect their function activities. The long tailed KIR are inhibitory
while short tailed KIR are activating receptors (Figure 6) [43]. The long cytoplasmic tail
contains immunoreceptor tyrosine-based inhibitory motif (ITIM), which can recruit and
activate SHP-1 and SHP-2 phosphatases for inhibitory signal transduction. In contrast,
the short-tailed KIRs that lack ITIM to drive inhibitory signal, have DAP-12, which is an
adaptor molecule for delivering activating signals [44]. The Inhibitory KIR recognizes
amino acids in the COOH-terminal portion of the MHC class | at alphal helix. The
KIR2DL1 specifically recognizes the HLA-C allele characterized by amino acids of lysine
in position 80 (HLA-C related group 2 allele), whereas KIR2DL2 and KIR2DL3 have
specificity for HLA-C characterized by amino acids of asparagine in position 80 (HLA-C
related group 1). The KIR3DL1 exhibits specificity for HLA-B allotypes with Bwd motifs
at position 77-83. Finally KIR3DL2 has ligand specificity for HLA-A3/11[45, 46]. In
activating signals such as KIR2DS1-5, KIR3DS1, these signals were transferred to
immunoreceptor tyrosine based activating (ITAM) motif for immune activation (Figure

7)[44].

KIR haplotype

In terms of KIR gene content, there are framework genes that are present in
everyone namely KIR3DL3, KIR3DP1, KIR2DL4 and KIR3DL2 [41]. Two KIR haplotypes
(group A and B) have been identified based on difference in KIR genes content [47].
Group A haplotypes are generally non-variable with all four framework genes present
(KIR2DL1, KIR2DL3, KIR3DL1, and KIR2DP1) plus only one stimulatory KIR2DS4. In
contrast, group B haplotypes are characterized by having one or more of the following
genes: inhibitory KIR2DL2, KIR2DL5 and stimulatory KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5,
KIR3DS1. Therefore, it should be noted that group B haplotypes have variable gene
contents due to gene duplication and deletion [48]. KIR haplotypes have been
associated with clinical outcome of HSCT [49]. Each individual can be categorized as
1) A/A, which is homozygous for group A KIR haplotypes, or 2) B/x, which contains
either 1 or 2 group B haplotypes (A/B heterozygous or B/B homozygotes). Previous
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HSCT studies have reported inconsistent associations between KIR haplotype and

clinical outcome [48, 50, 51].
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Ligand of KIR

Natural killer cell-mediated cytotoxicity can be inhibited by the interaction
between killer cell inhibitory receptors (KIR) with specific HLA class | molecule on target
cells [52]. It was predicted based on the observation that NK cells lysed the deficient
HLA class | lymphoblastoid cell lines but NK cell did not kill target cell which contained
HLA class | molecule. Individual KIR involved in the recognition HLA class | were
identified by using monoclonal antibodies blocking experiment, which disrupted
interactions between the inhibitory receptors on the NK cells and their class | licand
on target cell [53]. Several studies used direct binding assay with soluble KIR
production. The KIR and HLA class | binding assay was determined by flow cytometry
[46, 54-57]. In the functional assay, the HLA class | was recognized by KIR that was
determined by NK cell activation. The human NK cell line was infected with
recombinant viruses encoding KIR of interest and then tested for its ability to kill a

panel of HLA class | transfectants [57].

The HLA class | molecules are the ligands for several of the KIR genes (table 1).
In humans, the inhibitory KIR receptors for HLA class | molecules, KIR2DL/3DL are
specific for determinants shared by groups of HLA-A, -B, or -C. Two groups of HLA-C
alleles differ by the amino acid at position 80. HLA-C group 1 has asparagine at position
80 provides the ligand for KIR2DL2 and KIR2DL3, whereas HLA-C group 2 has lysine at
position 80 provides the ligand for KIR2DL1. The KIR3DL1 has specificity for the HLA-B
molecules with an HLA-Bwd epitope at residues 77-83. The KIR3DL2 has specificity for
the HLA-A3 and -Al1 allele. Finally, HLA-G is the ligand for KIR2DL4. Among the
activating KIR, they were KIR2DS1, KIR2DS2 and KIR2DS4 have specificity for HLA class |
molecules, while the other activating KIR has been unequivocally documented [58,

59].

Table 1. KIR and KIR ligands

KIR

KIR-ligand

Function

2DL1

HLA-CY*¥ (C group 2)

Inhibitory
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KIR KIR-ligand Function
2DL2/2DL3 HLA-C*" (C group 1), HLA-B*46:01, HLA-B*73:01 Inhibitory
Low affinity : HLA-CY*® (C group 2)

2DL4 HLA-G Inhibitory and
activating
2DL5 Unknown Inhibitory
3DL1 HLA-Bwd Inhibitory
3DL2 HLA-A*03 and HLA-A*11 Inhibitory
2DS1 HLA-CY*® (C group 2) Activating
2DS2 HLA-C""® (C group 1) Activating
2DS3 Unknown Activating
2Ds4 HLA-A*11 and some HLA-C alleles Activating
2DS5 Unknown Activating
3DS1 Unknown Activating

HLA-C allele group:

HLA-C*"80_ C*01, 03, 07, 08, 12, 13, 14:02, 15:07, 16:01
HLA-CY8%- C*02, 04, 05, 06, 07:07, 12:04, 14:01, 15 (without 15:07), 16:02, 17

Missing KIR Ligand

KIR and HLA genotypes segregate independently of each other; therefore, NK
cells may express KIR in which they have no HLA ligand and there is the possibility of
persons who lack KIR receptors for their HLA ligands. Population KIR genotyping studies
have revealed that there is significant KIR diversity between persons [52, 60]. One or
more inhibitory KIR may be lacking in a number of population. It is common for a
person to lack HLA ligand for his or her own KIR. As shown by some study, more than
60% of the white population is missing one or more ligands for inhibitory KIR [61]. In
Thai population, there are as high as 80-90% of the normal population that have at
least one missing KIR ligand [1]. This observation raises the possibility of the NK
autoreactivity. However, a recent study by Grau et al demonstrated that the frequency
of the autoreactive NK clones was very low [62]. They believed that it was due to the

NK education process that leads to NK anergy to prevent autoreactivity.
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However, studies investigating the KIR-HLA relationship and susceptibility to
viral disease progression and autoimmunity have recognized that the lack of HLA ligand
for inhibitory KIR receptors within a patient can have significant effects on clinical
outcome in several diseases. For example, the homozysgosity for KIR2DL3 with its group
1 HLA-C ligand was associated HCV protection [63]. For KIR susceptibility in combination
with specific HLA class | ligands, the present of activating KIR2DS2 was susceptibility to
systemic sclerosis. It results from a significant decrease in the amount of the inhibitory
KIR for recognition to HLA-C ligand [64]. Type 1 diabetes mellitus was associated with
KIR2DS2 and HLA-C1 genotype and had decreasing amount of inhibitory KIR for HLA
ligand [65]. The HLA-C homozygous with KIR2DS1 and 2DS2 genotype was associated
with psoriatic arthritis [66]. Furthermore, the 2DS1 was increased in SLE patients [67].
Most of these situations seem to be associated with either lack of NK cell inhibition or
with an excessive NK cell activation through HLA class | receptor signaling. Furthermore,
a study in the mother and the fetus has demonstrated that certain KIR-HLA

combinations predispose to the development of preeclampsia [68].
KIR-Ligand Mismatch or Missing KIR-Ligand in HSCT

There is also evidence that NK cell alloreactivity contribute to the clinical
outcome of hematopoietic stem cell transplantation through KIR and HLA molecule.
The situation in HLA nonidentical transplants in which the donor NK cells recountering
recipient target cells lacking HLA class | allele present in the donor HLA genotype can
be called “KIR-ligand mismatch”. Interestingly, this KIR ligand mismatch can improve
overall survival by mediate antileukemic effects and even decrease acute GVHD,
particularly in myeloid leukemia [69]. Moreover, the NK GVL effect is not only occur in
HLA nonidentical transplantation, as is required for the KIR ligand incompatibility
studies, but instead can be observed in the “missing KIR-ligand” situation that can be
found even in HLA-identical transplants. In the latter case, the NK cells from the donor
who has missing KIR-ligand can mediate the GVL effect in the HLA identical recipient.
Despite the fact that these NK cells are anergized against self through NK education
process, when the NK cells are transferred into the new environment, it is hypothesized

that 1) the anergy state of the NK cell is decreasing, 2) there is an upregulation of
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activating KIR ligand on the cancer cells (especially the myeloid cells) [15, 70].
Therefore, the KIR-HLA class | relationship between recipient and donor might become
the additional part of the donor evaluation and selection. A better understanding of

the biologic mechanisms involved in the observed effects must be further investigated.
NK mediated GVL effects and HSCT

There are growing evidences that KIR lisand mismatch has beneficial effects in
HSCT as the treatment for leukemia [71-73]. In haploidentical transplantation, the
survival advantage was observed only in patients with AML but not in patients with
acute lymphoblastic leukemia (ALL) [69]. Most of the studies interested in the role of
NK cells in acute myeloid leukemia (AML) [69, 71, 74]. Adult ALL patients are not as
susceptible to missing KIR ligand in allogeneic HSCT [26, 69]. These results suggest a
less efficient interaction between NK cells and ALL blasts compared to the interaction
between NK cells and AML blasts. It may be possible that the surface density of HLA
class | molecules seem to be higher on ALL compared to AML blasts [75]. Likewise,
one of the immune escape in ALL may involve the absence or down-regulation of
lisands for activating NK cell receptors. However, in children with ALL, transplantations
from NK-alloreactive donors were also reported to decrease the risk of relapse [76,
77]. However, the outcomes reports following allogeneic HSCT greatly varied. Some
reports described beneficial effects of KIR genotype outcome, whereas other reports
have described either no effect or worse outcome [61, 74, 78-80] (See summary in

Table 2).

The clinical contribution of NK cells to alloreactivity for AML patients who
received mismatched KIR ligand transplantation promote a strong graft versus leukemia
(GVL) and reduce GVHD [69, 81]. The effects of missing KIR ligand had a lower hazard
of relapse compared with patients who were not missing ligand [61, 82]. Interestingly,
transplant of KIR ligand mismatch also had better outcome to decrease risk of GVHD
[69]. Indeed, none of the patients in the KIR ligand-mismatched group developed grade
-V acute GVHD [74]. There are evidences that NK cells can kill dendritic cells that are
essential in the induction of GVHD both in vitro and in vivo [83]. Therefore, the most

likely hypothesis is that alloreactive NK cells are induced to kill recipient antigen
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presenting cells, thus further reducing the risk of GVHD. In summary, the HLA-KIR
mismatched patients have higher survival rate than HLA-KIR matched group [84]. In
addition, the number of the missing KIR-ligand is important too [61]. Some transplant
studies have described upon the impact of numerous missing KIR ligands. In the AML
and MDS patients with missing ligand, the overall survival of missing 2 licands were
higher compared with no missing or missing only 1 ligand [70]. When donor-recipient
pairs were separated into specific missing ligand group, one study showed that the
patients with lack 2 ligand for HLA-C and HLA-Bw4 for donor KIR have lower relapse

and higher survival compared with other groups [61].

For contribution of donor-activating KIR receptors to transplantation outcome,
patients with AML who had received allografts from donor with KIR2DS1 positive had
a lower rate of relapses than patients received negative KIR2DS1 donor [85]. In
addition, the activating KIR3DS1 was associated with improved outcome in patients
who received an unrelated donor and was associated with lower-grade II-IV acute graft-

versus-host disease [86].

As for the KIR haplotype analysis, the donor B haplotype KIR genes included
KIR2DL5, KIR2DS1 and KIR3DS1 have been shown to have an impact on outcome for
treatment of malignant relapse who were AML with undergoing HLA-identical sibling
HSCT [87]. Similarly, KIR B haplotype donors in AML also showed beneficial effect in
unrelated HLA-matched. They showed that the use of donor B haplotype compared
with group A haplotype was associated with significant improvement in relapse and

survival [88].

Table 2. The summary of KIR genotypes on clinical HSCT in leukemia patients

HSCT in patient with HLA identical sibling
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Investigation | Sample KIR Observation Disease treatment | Reference
size
Inhibitory KIR |n=178 Missing KIR ligand |-decrease relapse AML,MDS T cell Hsu et al.,2005
(HR=0.41, p=0.04) deplete
(AML=114)
-Increase survival
(HR=0.53, p=0.03)
Inhibitory KIR |n=43 Missing KIR ligand |-decrease relapse AML,MDS T cell Clausen et
(p=0.028) deplete al.,2007
(AML=30)
-Increase survival
(p=0.046)
Inhibitory KIR |n=151 Missing KIR ligand |-Increase survival AML,MDS T cell Linn et al.,2009
(HR=0.79, p<0.05) deplete
(AML=62)
Inhibitory KIR |n=100 Missing KIR ligand |-Increase relapse Hematological |T cell Clausen et
(RR=0.28, p=0.003) |malignancies |replete al.,2010
(AML=43) (Homozygous HLA-
C1 or HLA-C2) -decrease survival
(RR=0.56, p=0.046)
Inhibitory KIR |n=105 KIR ligand Unaffected on AML,MDS T cell Bjorklund et
mismatch relapse, survival and replete al.,2010
(AML=81) GVHD
Wongwuttisaroj
Inhibitory KIR |n=51 Missing KIR ligand, |-Unaffected on AML,CMLALL | T cell et al,2012
& activating KIR ligand relapse, survival and replete
KIR (AML=25) | ismattch GVHD
Inhibitory KIR |n=52 Missing KIR ligand |-decrease relapse AML,MDS,CML | T cell Wang et
(p=0.024) replete al.,2013
(AML=20) (Homozygous HLA-
C1 or HLA-C2) -Increase survival
KIR ligand (p=0.034)
mismatch
-decrease relapse
(p=0.002)
-Increase survival
(p=0.003)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia
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Investigation | Sample KIR Observation Disease treatment | Reference
size
Inhibitory KIR | n=92 Missing KIR ligand | -Decrease relapse AML Related Ruggeri et
(AML=92) (p=0.0008) donor, T cell | al.,2002
-Increase survival deplete
(p=0.0005)
-Decrease aGVHD
(p<0.01)
Inhibitory KIR | n=62 KIR ligand -A trend toward less AML,CML,ALL | Related Bishara et
(AML=15) | mismatch relapse (p=0.09) donor, T cell | al.,2004
-Increase aGVHD deplete
(p<0.02)
Inhibitory KIR | n=112 Missing KIR ligand | -Decrease relapse AML Related Ruggeri et
(AML=112 (p=0.003) donor, T cell | al.,2007
) -Increase survival deplete
(p=0.04)
Inhibitory KIR | n=86 KIR ligand -Decrease relapse Hematological | Related Symons et
(AML/MD | mismatch (p=0.025) malignancies | donor, T cell | al,,2010
S=33) -Increase survival replete
(p=.0003)
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia
HSCT in patients with unrelated donor
Investigation | Sample KIR Observation Disease Treatment | Reference
size
Inhibitory KIR | n=175 Missing KIR ligand | -Worse survival AML HLA Davies et al,
(AML=14) -No effect in relapse mismatch, T 2002
and aGVHD cell replete
Inhibitory KIR | n=130 KIR ligand -Decrease relapse AML HLA Giebel et
(AML/MDS | mismatch (p=0.07) mismatch al.,2003
=45) -Increase survival T-cell replete
(p=0.006)
Inhibitory KIR | n=1770 Missing KIR ligand | -Decrease relapse AML,CML,MDS HLA Hsu et
(AML=286) (HR=0.47, p=0.004) mismatch, T al.,2006
cell replete




19

Investigation | Sample KIR Observation Disease Treatment | Reference
size
Inhibitory KIR | n=2062 KIR ligand -Decrease relapse AML,CML,MDS HLA match, Miller et
(AML=556) | mismatch (RR=0.54, p=0.03) T cell al.,2007
-Increase GVHD deplete
(RR=1.58, p=0.008)
Inhibitory KIR | n=24 KIR ligand Unaffected on AML,CML,MDS HLA Weisdorf et
(AML=17) | mismatch relapse, survival and mismatch, T al.,2012
GVHD cell deplete

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia




CHAPTER Il
MATERIALS AND METHODS

Patient and donor samples

The retrospective study was conducted from sixty-six hematologic malignancy
patients receiving stem cell transplantation. The DNAs from donor-recipient pairs were
collected from Tissue Typing Laboratory, King Chulalongkorn Memorial Hospital during
April 2006 - December 2013. These samples were stored in -30°C. The study was
approved by an institutional review board, Faculty of Medicine, Chulalongkorn
University, Thailand. All grafts were HLA-identical sibling. The hematopoietic stem cells
were either from peripheral blood stem cells (PBSC) or bone marrow (BM) without T

cells depletion.

The baseline characteristic of patient are confounding factors that may affect
the transplant outcome including, the patients’ age, the donors’ age, a preparative
condition regimen which comprised of total body irradiation (TBI) base or Busulphan
base, the using of GVHD prophylaxis (combination of cyclosporine-A (CsA) and
methotrexate (MTX) were mainly used condition in the study), the ABO blood group
(it was classified as matching or mismatching), the CMV status of donor-recipient pairs,
stem cell dose (it was assorted into 3 groups, including 5x10°/kg, 5x10° to 10x10%/kg,
above 10x10°/kg), type of disease (AML, ALL and CML patients), the difference in gender
between donor and recipient. The clinical outcome of the patients were determined
by the hematologist including relapse, survival, acute graft versus host disease (aGVHD),
chronic graft versus host disease (cGVHD) and transplant-related mortality (TRM).
Relapsed disease for AML and ALL was defined by morphologic or cytogenetic
evidence, either in peripheral blood or in bone marrow. Relapsed disease for CML was
defined by hematological, cytogenetic or molecular evidence of recurrence. The time
to event of each clinical outcomes (relapse, acute GVHD and chronic GVHD) are defined
as time from stem cell infusion (day 0) to event (at date of relapse or acute GVHD or
chronic GVHD) or last follow up in without each event. Acute GVHD was determined
within 100 days after transplantation, and chronic GVHD was an event occurred more

than 100 days after transplantation. Overall survival was determined from the time
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between date of transplantation to date of last follow up or death from any reasons.
Transplant-related mortality (TRM) was defined by death due to any reason without

evidence of relapse.

HLA and KIR genotyping

AWl DNA samples have been completely identified for donor-recipient HLA-A,-
B,-DR,-DQ typing. HLA-A,-B were typed by microlymphocytotoxicity test and HLA-DR, -
DQ were typed at low resolution by sequence specific primer (PCR-SSP) (MicroSSP, One
Lambda Inc., California, USA). The data was obtained from pre-existing record done at
Tissue Typing Laboratory, King Chulalongkorn Memorial Hospital before transplant. In
the present study, we additionally typed both HLA-C loci in patients and KIR genotype
in donors by the same reactive condition of polymerase chain reaction-sequence
specific oligonucleotide probes (PCR-SSOP) commercial kit (LABType® SSO Typing
Tests, One Lambda Inc., California, USA) as described by the manufacturer protocol.
The KIR genotyping test in the kit can identify the presence or absence of the following
KIR genes and variants: 2DL1, 2DL2, 2DL3, 2DL4, 2DL5, 2DS1, 2DS2, 2DS3, 2DS4, 2DS5,
3DL1, 3DL2, 3DL3, 3DS1, 2DP1 and 3DP1

Amplification steps

In brief, the reactions of 10 ul PCR solution contained 0.1 ug test DNA, master
mix buffer, 0.5 U Tag DNA polymerase (GoTaq® Flexi DNA Polymerase, Promega ,USA)
and primer mixture. The amplification was performed in thermalcycler (Gene Amp PCR
System 9600, Applied Biosystems, California, USA) under thermal cycling condition as
the following, 3 min denaturing step at 96°C, 5 cycles of 96°C for 20 seconds, 60°C for
20 seconds, 72°C for 20 seconds, then 30 cycles of 96°C for 10 seconds, 60°C for 15
seconds, 72°C for 20 seconds and final extension step at 72°C for 10 min. The PCR
products were kept in 4°C until the analysis by gel electrophoresis. Confirmation of
the amplified product band prior to hybridization assay was done to ensure the

generation of optimal signals.

Hybridization steps
The PCR products were hybridized with oligonucleotide coated on

micropartical bead. Before hybridization steps, the hybridization mixture was prepared
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using Hybridization Buffer and Bead Mixture. First, amplified DNA samples were allowed
to denature by Denaturation Buffer. Then, the reaction was stopped by Neutralization
Buffer. The color was changed to clear or pale yellow. The Hybridization Mixture was
allowed to hybridize to complementary DNA conjugated on fluorescent microspheres
bead at 60°C. Then, Wash Buffer was added to reaction mixture. During the last wash
step, the R-Phycoerythrin-conjugated Streptavidin (1XSAPE) was prepared by the
combination of SAPE buffer and 100XSAPE. After washing, R-Phycoerythrin-conjugated
Streptavidin (1XSAPE) was tagged to amplified DNA at 60°C. After the latest washing
and adding buffer, the hybridization was visualized by flow analyzer, the LABScan™
100 (One Lambda Inc., California, USA) to identify the fluorescent intensity of
phycoerythrin on each microsphere. The results were reported in pattern of .csv file

and then the file was imported into HLA fusion™ software for data analysis.

Data Calculation
The mean fluorescence intensity (MFI) is generated by Luminex® Data
Collection software. Each bead contains the fluorescence intensity (Fl) in each different

sample. The percent positive value was calculated as below.

MFI(Probe n)—MFI(Probe Negative Control)
obe Positive Control)-MFI(Probe Negative Control)

Percent positive value = 100 X [MFI(Pr

The positive reaction is defined by the percent of positive values for each
probe higher than cut off value and the negative reaction is defined as the percent

of positive values lower than the cut off value.

The Determination of Missing KIR ligand

There are four categories for missing KIR ligand, which can be identified depending on
their KIR recognition as following.

1. The patient is lack of HLA-C group 2 ligand for donor inhibitory KIR2DL1

2. The patient is lack of HLA-C group 1 ligand for donor inhibitory KIR2DL2 or 2DL3

3. The patient indicates lack of HLA-Bw4 ligand for donor inhibitory KIR3DL1

4. The patient is lack of HLA-A11 ligand for donor inhibitory KIR3DL2
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The Determination of KIR haplotype

1. KIR haplotype group AA. There are 5 inhibitory KIR and 1 activating KIR including
KIR2DL3, KIR2DL1, KIR2DL4, KIR3DL1, KIR3DL2 and KIR2DS4.

2. KIR haplotype group Bx. There are at least 1 of the KIR B loci including KIR2DL5,
KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5 and KIR3DS1.

Statistical analysis

The association between baseline characteristics as well as KIR genes with
transplant outcome variables were determined by Chi-square or Fisher’s exact test
(two-tailed). For Fisher’s exact test, it can be used in small sample sizes with expected
counting less than 5 events. The difference between time-to-event distributions was
compared by Kaplan-Meier method. Significance was established at p-value less than
0.05. Probability of relapse, overall survival, acute GVHD and chronic GVHD were

estimated using the Kaplan-Meier method (SPSS software version 19).



CHAPTER IV
RESULTS

Baseline Characteristics on Clinical Outcome

This study retrospectively analyzed a group of 66 leukemia patients. The
patients and transplant characteristics included in this study were as follows. The
median age of patients and donors were 35 and 37 years, respectively. Most of them
had previous CMV infection (45 out of 47 pairs with known data, 95.7%). The majority
of the patients have AML (60%). Peripheral blood stem cell sources were the most
common source of stem cells (98.5%). Patients received stem cell with blood group
matching more than mismatching (60.6% VS 39.4%). Before transplantation, 44 patients
(66.7%) were treated by total body irradiation based and 22 patients (33.3%) used
Busulfan based. Cyclosporine with methotrexate combination were mostly given

before and after transplantation in 62 patients (93.9%) (Table 3).

Table 3. Baseline characteristics

Patient and treatment characteristics Data value
Median recipient age (n=66) , median (range) 35 (15-62)
Median donor age (n =66) , median (range) 37 (8-66)

Sex match,(donor/recipient) (n=66)

Male/male, n (%) 17 (25.8%)
Male/female, n (%) 14 (21.2%)
Female/male, n (%) 14 (21.2%)
Female/female, n (%) 21 (31.8%)

CMV status, donor/recipient (n=47)

Negative/positive, n (%) 1(2.1%)
Positive/positive, n (%) 45 (95.7%)
Positive/negative, n (%) 1(2.1%)

Diagnosis (n=66)
AML, n (%) 40 (60.6%)
ALL, n (%) 12 (18.2%)
CML, n (%) 14 (21.2%)




Patient and treatment characteristics

Data value

Source of stem cells (n=66)
PBSC, n (%)
BM+PBSC, n (%)

65 (98.5%)
1(1.5%)

CD34+ cells infused (n=66), median (range)

6 6
5.95X10 /kg (2.3 - 17.3X10 /kg)

ABO (n=66)
Match, n (%)
Mismatch, n (%)

40 (60.6%)
26 (39.4%)

Condition regimen (n=66)
TBl-based, n (%)

Busulfan-based, n (%)

44 (66.7%)
22 (33.3%)

GVHD prophylaxis (n=66)
CsA/MTX, n (%)
Other, n (%)

62 (93.9%)
4 (6.1%)

Clinical Outcome
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We investigated 66 patients after hematopoietic stem cell transplant and donor

pairs. The patients have been transplanted during April 2006 and December 2013.

These patients have different clinical outcome. Twenty patients (30.3%) had relapse.

Acute GVHD and chronic GVHD were observed in 14 (21.2%) and 20 (30.3%) patients,

respectively. There was only one patient who died from a transplant-related event

(1.5%). There were 50 patients (75.7%) who were considered to be survival while 16

patients (24.2%) were death after transplantation (Table 4).

Table 4. Clinical outcomes

Incidence n (%)
Relapse 20 (30.3%)
Acute GVHD 14 (21.2%)

Chronic GVHD

20 (30.3%)

TRM

1(1.5%)
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Incidence n (%)
Alive 50 (75.7%)
Dead 16 (24.2%)

HLA and KIR Genotyping Frequencies

The frequencies of the HLA antigens, which are the main KIR ligands in the 66
patients are shown in Figure 8. There were 62.1% of HLA-C group 1 (n=41), 56.1% of
HLA-Bw4 (n=37), 48.5% of HLA-A11 (n=32), 33.3% of the heterozygous HLA-C group1/2
(n=22) and only 4.5% of HLA-C group 2 (n=3).

HLA ligand (n=66) |

70.0% HLA-C1

HLA-Bw4  62.1%

60.0% HLAALL 56.1%

48.5%

50.0%

HLA-C1/C2
33.3%

40.0%
30.0%

20.0%

HLA-C2
4.5%

10.0%

0.0%

H HLA-A11 H HLA-Bw4
i Homozygous HLA-C groupl & Homozygous HLA-C group2
i Heterozygous HLA-C group1/2

Figure 8. Frequencies of HLA antigens, which are the main KIR ligands

The distribution of inhibitory KIR genotypes in the sibling donors was shown in
in Figure 9. The inhibitory KIR gene found in all donors was KIR3DL2. Sixty-three donors
had KIR2DL1 (95.5%), and 62 donors had KIR2DL3 (93.9%). Inhibitory KIR3DL1 were seen
in 63 donors (95.5%). KIR2DL2 receptor was seen in 26 donors (39.4%).
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The most common activating KIR gene was KIR2DS4. It was seen in 60 donors
(90.9%). The other activating KIR genes have the frequency less than 50%, there were
KIR2DS1, KIR2DS2, KIR3DS1, KIR2DS5 and KIR2DS3. There were 31 donors with KIR2DS1
(46.9%). Both KIR2DS2 and KIR3DS1 were found in 25 donors (37.9%), KIR2DS5 was
seen in 24 donors (36.4%), while KIR2DS3 receptor was found in 13 donors (19.7%)
which was the lowest frequency compared to other types of activating KIR genotype

(Figure 10).

Inhibitory KIR receptor (n=66) |
120.0%
KIR3DL2
KIR2DL1 N KIR3DLL 100 09
100.0% 95.5% 93.9% 95.5%
80.0%
60.0%
KIR2DL2
39.4%
40.0%
20.0%
0.0%
M KIR2DL1 M KIR2DL2 M KIR2DL3 LIKIR3DL1 i KIR3DL2

Figure 9. Inhibitory KIR genotype frequencies
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100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

H KIR2DS1

Activating KIR receptor (n=66)|

KIR2DS4
90.9%
KIR2DS1
46.9%
KIR2DS2 KIR2DS5 KIR3DS1
37.9% 36.4% 37.9%
KIR2DS3
19.7%
H KIR2DS2 1 KIR2DS3 H KIR2DS4 LIKIR2DS5 H KIR3DS1

Figure 10. Activating KIR genotype frequencies

KIR Haplotype Frequencies

In this study, the distribution of KIR haplotypes in the 66 donors was shown in

Figure 11. The donor with haplotype AA group was found in 26 patients (39.4%) and

haplotype Bx group was found in 40 patients (60.6%).

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

KIR haplotype

Haplotype
Bx
60.6%
Haplotype
AA

39.4%

Figure 11. KIR haplotype frequencies
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Missing ligand frequencies for inhibitory KIR

Among the 66 donor-recipient pairs, there were a high number of pairs with
missing HLA ligand for inhibitory KIR receptor KIR2DL 1, KIR2DL2/3, KIR3DL1 and KIR3DL2.
The missing ligand for KIR2DL1 and KIR3DL2 were the most frequent group, seen in 40
patients (60.6%) and 34 patients (51.5%), respectively. The other missing ligand for
KIR3DL1 and KIR2DL2/3 were seen in 27 patients (40.9%) and 3 patients (4.5%),
respectively (Figure 12).

| Absent ligand to inhibitory KIR receptor (n=66) |

70.0%

Absent ligand to
KIR2DL1
60.6%

60.0% Absent ligand to
KIR3DL2
51.5%

50.0%

bsent ligand to
KIR3DL1
40.9%

40.0%

30.0%

20.0%

Absent ligand to
KIR2DL2/3
4.5%

10.0%

0.0% -
H Absent ligand to KIR3DL2 E Absent ligand to KIR3DL1

i Absent ligand to KIR2DL1 & Absent ligand to KIR2DL2/3

Figure 12. The lack of HLA ligand for inhibitory KIR receptor

We investigated the influence of different baseline characteristics variables on
relapse, acute GVHD, chronic GVHD and survival. None of these variable factors
regarding patient age, donor age, sex donated matching, CMV status, diagnosis, source
of stem cell, CD34+ cells infusion, ABO blood group, condition regiment and GVHD
prophylaxis were found to have a significant influence on relapse, acute GVHD, chronic

GVHD and survival. (Table 5-8).



Table 5. Baseline characteristics on relapse
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Characteristics Relapse No relapse p-value
Recipient age (n=66) 20 (30.3%) 46 (69.7%) 0.795
(mean=36.4) (mean=35.6)
Donor age (n=66) 20 (30.3%) 46 (69.7%) 0.959
(mean=36.7) (mean=36.9)
Sex match, donor/recipient (n=66)
Male/male 1 (1.5%) 16 (24.2%)
Male/female 4 (6.1%) 10 (15.2%) 0.059
Female/male 6 (9.1%) 8 (12.1%)
Female/female 9 (13.6%) 12 (18.2%)
CMV status, donor/recipient (n=42)
Negative/positive 1 (2.4%) 0 (0%)
Positive/positive 8 (19.0%) 32 (76.2%) 0.387
Positive/negative 0 (0%) 1 (2.4%)
Diagnosis (n=66)
AML 13 (19.7%) 27 (40.9%)
ALL 6 (9.1%) 6 (9.1%) 0.054
CML 1 (1.5%) 13 (19.7%)
Source of stem cells (n=56)
PBSC 19 (28.8%) 46 (69.7%) 0.126
BM+PBSC 1(1.5%) 0 (0%)
CD34+ cells infused (n=55)
< 5x106 / kg 3 (4.5%) 15 (22.7%)
5-10X106/kg 16 (24.2%) 26 (39.4%) 0.190
> 10x106 / kg 1(1.5%) 5 (7.6%)
ABO (n=60)
Match 14 (21.2%) 26 (39.4%) 0.303
Mismatch 6 (9.1%) 20 (30.3%)

Condition regimen (n=57)
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Characteristics Relapse No relapse p-value
TBI-based 15 (22.7%) 29 (43.9%) 0.344
Busulfan-based 5(7.6%) 17 (25.8%)
GVHD prophylaxis (n=59)
CsA/MTX 19 (28.8%) 43 (65.2%) 0.812
Other 1 (1.5%) 3 (4.5%)
Table 6. Baseline characteristics on aGVHD
Characteristics Acute GVHD | No acute GVHD p-value
Recipient age (n=66) 14 (21.2%) 52 (78.8%) 0.396
(mean=33.6) (mean=36.5)
Donor age (n=66) 14 (21.2%) 52 (78.8%) 0.547
(mean=35.1) (mean=37.3)
Sex match, donor/recipient (n=66)
Male/male 2 (3.0%) 15 (22.7%)
Male/female 2 (3.0%) 12 (18.2%) 0.485
Female/male 4 (6.1%) 10 (15.2%)
Female/female 6 (9.1%) 15 (22.7%)
CMV status, donor/recipient (n=42)
Negative/positive 0 (0%) 1 (2.4%)
Positive/positive 11 (26.6%) 29 (69.0%) 0.689
Positive/negative 0 (0%) 1 (2.4%)
Diagnosis (n=66)
AML 8 (12.1%) 32 (48.5%)
ALL 3 (4.5%) 9 (13.6%) 0.933
CML 3 (4.5%) 11 (16.7%)
Source of stem cells (n=66)
PBSC 13 (19.7%) 52 (78.8%) 0.212
BM+PBSC 1(1.5%) 0 (0%)
CD34+ cells infused (n=66)
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Characteristics Acute GVHD | No acute GVHD p-value
< 5x10° / kg 4 (6.1%) 14 (21.2%)
5-10X10°/kg 10 (15.2%) 32 (48.5%) 0.407
> 10x10° / kg 0 (0%) 6 (9.1%)
ABO (n=66)
Match 6 (9.1%) 34 (51.5%) 0.126
Mismatch 8 (12.1%) 18 (27.3%)

Condition regimen (n=66)
TBI-based 11 (16.7%) 33 (50.0%) 0.287
Busulfan-based 3 (4.5%) 19 (28.8%)

GVHD prophylaxis (n=66)
CsA/MTX 14 (21.2%) 48 (72.2%) 0.284
Other 0 (0%) 4 (6.1%)

Table 7. Baseline characteristics on cGVHD

Characteristics Chronic GVHD | No chronic GVHD p-value

Recipient age (n=66) 20 (30.0%) 46 (69.7%) 0.590
(mean=34.8) (mean=36.4 )

Donor age (n=66) 20 (30.3%) 46 (69.7%) 0.412
(mean=34.9) (mean=37.6)

Sex match, donor/recipient (n=66)

Male/male 6 (9.1%) 11 (16.7%)
Male/female 3 (4.5%) 11 (16.7%) 0.841
Female/male 4 (6.1%) 10 (15.2%)
Female/female 7 (10.6%) 14 (21.2%)

CMV status, donor/recipient (n=42)
Negative/positive 0 (0%) 1(2.4%)
Positive/positive 13 (31.0%) 27 (64.3%) 0.561
Positive/negative 1(2.4%) 0 (0%)
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Characteristics Chronic GVHD | No chronic GVHD p-value
Diagnosis (n=66)
AML 9 (13.6%) 31 (47.0%)
ALL 3 (4.5%) 9 (13.6%) 0.054
CML 8 (12.1%) 6 (9.1%)
Source of stem cells (n=66)
PBSC 19 (28.8%) 46 (69.7%) 0.126
BM+PBSC 1(1.5%) 0 (0%)
CD34+ cells infused (n=66)
< 5x106 / kg 5(7.6%) 13 (19.7%)
5-10X106/kg 14 (21.2%) 28 (42.4%) 0.682
> 10x106 / kg 1(1.5%) 5 (7.6%)
ABO (n=66)
Match 12 (18.2%) 28 (42.4%) 0.947
Mismatch 8 (12.1%) 18 (27.3%)
Condition regimen (n=66)
TBI-based 12 (18.2%) 32 (48.5%) 0.449
Busulfan-based 8 (12.1)% 14 (21.2%)
GVHD prophylaxis (n=66)
CsA/MTX 18 (27.3%) 44 (66.7%) 0.376
Other 2 (3.0%) 2 (3.0%)
Table 8. Baseline characteristics on survival
Characteristics Alive Dead p-value
Recipient age (n=66) 50 (75.8%) 16 (24.2%) 0.618
(mean=35.5) (mean=37.1)
Donor age (n=66) 50 (75.8%) 16 (24.2%) 0.604

(mean=37.3)

(mean=35.4)
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Characteristics Alive Dead p-value
Sex match, donor/recipient (n=66)
Male/male 15 (22.7%) 2 (3.0%)
Male/female 10 (15.2%) 4 (6.1%) 0.585
Female/male 10 (15.2%) 4 (6.1%)
Female/female 15 (22.7%) 6 (9.1%)
CMV status, donor/recipient
(n=42) 0 (0%) 1(2.4%)
Negative/positive 30 (71.4%) 10 (23.8%) 0.460
Positive/positive 1 (2.4%) 0 (0%)
Positive/negative
Diagnosis (n=66)
AML 28 (42.4%) 12 (18.2%)
ALL 9 (13.6%) 3 (4.5%) 0.228
CML 13 (19.7%) 1(1.5%)
Source of stem cells (n=66)
PBSC 49 (74.2%) 16 (24.2%) 0.569
BM+PBSC 1(1.5%) 0 (0%)
CD34+ cells infused (n=66)
< 5x106 / kg 15 (22.7%) 3 (4.5%)
5-10X106/kg 30 (45.5%) 12 (18.2%) 0.555
> 10x106 / kg 5 (7.6%) 1 (1.5%)
ABO (n=66)
Match 30 (45.5%) 10 (15.2%) 0.859
Mismatch 20 (30.3%) 6 (9.1%)
Condition regimen (n=66)
TBI-based 31 (47.0%) 13 (19.7%) 0.155
Busulfan-based 19 (28.8%) 3 (4.5%)
GVHD prophylaxis (n=66)
CsA/MTX 47 (71.2%) 15 (22.7%) 0.971

Other

3 (4.5%)

1(1.5%)
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Missing KIR Ligand

We counted the patients who have at least one missing ligand as missing KIR
ligand. Missing KIR ligand was found in the majority of the patients as high as 58 patients
(87.9%), while only 8 patients had no missing KIR ligand (Figure 13).

Missing KIR ligand (n=66)

100.0%

Missing KIR ligand
87.9%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0% TPV

No missing KIR
ligand
12.1%

20.0%

10.0%

0.0%

Figure 13. Frequencies of missing KIR ligand

The donor-recipient pairs were segregated into specific missing ligand group.
Figure 14 showed the frequencies of each specific missing KIR ligand and their
combinations. The most common of one missing KIR ligand is the missing of HLA-C2
(12 patients, 18.2%). Missing HLA-A11 and HLA-Bw4 ligand were seen in 4 (6.1%) and 5
patients (7.6%), respectively. The most common of more than one missing KIR ligand
included the missing of HLA-A11 combined with HLA-C2 (15 patients, 22.7%), missing
of HLA-Bw4 combined with HLA-C2 (7 patients, 10.6%) and HLA-A11 combined with
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HLA-Bwd (6 patients, 9.1%). Three missing KIR ligand was seen in 9 patients (13.6%),

while no missing KIR ligand was seen in 8 patients (12.1%) (Figure 14).

25.0%
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5.0%

0.0%

Figure 14
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The Number of Missing KIR ligand Effect on Clinical Outcome

We analyzed the effect of the number of missing KIR ligand on clinical outcome

(Table 9-12). The beneficial effect of one or more than one missing KIR ligand was not

seen. The patients with 2 or more than 2 missing KIR ligands had statistically significant

better clinical outcome by reducing relapse and acute GVHD (p-value = 0.035, 0.005

respectively) (Figure 15-16). Moreover, we found that there were no relapse and no

death in the 9 patients who had 3 missing KIR ligands (Table 9, 12). When the data

were divided into individual dose of missing KIR ligand, statistical significance for

decreasing acute GVHD could be detected (p-value=0.041) and there was a trend for

statistically significance for decrease relapse (p-value = 0.092) (Figure 17, Table 9-10).

Table 9. The number of missing KIR ligand effect on relapse
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Missing KIR ligand Relapse No relapse p-value
1 more missing ligand (n=66)
1 or more than 1 missing ligand 16 (24.2%) 42 (63.6%) 0.232
No missing ligand 4(6.1%) 4 (6.1%)
2 more missing ligand (n=66)
2 or more than 2 missing ligand 7(10.6%) 29 (43.9%) 0.035
Less than 2 missing ligand 13 (19.7%) 17 (25.8%)
Number of missing ligand (n=66)
0 missing ligand 4 (6.1%) 4 (6.1%)
1 missing ligand 8 (12.1%) 13 (19.7%) 0.092
2 missing ligand 8 (12.1%) 20 (30.3%)
3 missing ligand 0 (0%) 9 (13.6%)
Relapse

il

e

Cumulative relapse

i

Less than 2 missing KIR ligand (n=30}

2 or more than 2 missing KIR ligand (n=36)

| P-value=0.035

T
1500

Days after transplantation

20

Figure 15. The number of 2 or more than 2 missing KIR ligand decrease relapse

Table 10. The number of missing KIR licand effect on aGVHD
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Missing KIR ligand Acute GVHD No acute GVHD p-value
1 more missing ligand (n=66)
1 or more than 1 missing ligand 13 (19.7%) 45 (68.2%) 0.520
No missing ligand 1(1.5%) 7 (10.6%)
2 more missing ligand (n=66)
2 or more than 2 missing ligand 3 (4.5%) 33 (50.0%) 0.005
Less than 2 missing ligand 11 (16.7%) 19 (28.8%)
Number of missing ligand (n=66)
0 missing ligand 1(1.5%) 7 (10.6%)
1 missing ligand 9 (13.6%) 12 (18.2%) 0.041
2 missing ligand 3 (4.5%) 25 (37.9%)
3 missing ligand 1(1.5%) 8 (12.1%)
aGVHD
" n=66
| Pvalue=0.005 |
0B
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I
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& 0.6
E Less than 2 missing ligand (n=30)
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024
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Figure 16. The number of 2 or more than 2 missing KIR ligand decrease aGVHD
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Figure 17. The number of missing KIR ligand effect on aGVHD
Table 11. The number of missing KIR ligand effect on cGVHD
Missing KIR ligand Chronic GVHD | No chronic GVHD p-value
1 more missing ligand (n=66)
1 or more than 1 missing ligand 19 (28.8%) 39 (59.1%) 0.418
No missing ligand 1 (1.5%) 7 (10.6%)
2 more missing ligand (n=66)
2 or more than 2 missing ligand 8 (12.1%) 28 (42.4%) 0.118
Less than 2 missing ligand 12 (18.2%) 18 (27.3%)
Number of missing ligand (n=66)
0 missing ligand 1 (1.5%) 7 (10.6%)
1 missing ligand 10 (15.2%) 11 (16.7%) 0.228
2 missing ligand 7 (10.6%) 21 (31.8%)
3 missing ligand 2 (3.0%) 7 (10.6%)




Table 12. The number of missing KIR ligand effect on survival
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Missing KIR ligand Alive Dead p-value
1 more missing ligand (n=66)
1 or more than 1 missing ligand 45 (68.2%) 13 (19.7%) 0.390
No missing ligand 5 (7.6%) 3 (4.5%)
2 more missing ligand (n=66)
2 or more than 2 missing ligand 30 (45.5%) 6 (9.1%) 0.116
Less than 2 missing ligand 20 (30.3%) 10 (15.2%)
Number of missing ligand (n=66)
0 missing ligand 5 (7.6%) 3 (4.5%)
1 missing ligand 14 (21.2%) 7 (10.6%) 0.175
2 missing ligand 22 (33.3) 6 (9.1%)
3 missing ligand 9 (13.6%) 0 (0%)

The Effect of Specific Missing KIR Ligand on Clinical Outcome

The analysis of specific missing KIR ligand on clinical outcome which were

relapse, aGVHD, cGVHD, and survival were shown in table 13-16. Interestingly, the data

have shown that the patients who had one absent ligand (HLA-C group 2) for KIR2DL1

was significantly associated with increase a risk of acute GVHD (p-value=0.014) (Figure

18). The combination of three missing KIR ligand of HLA-A11, HLA-Bw4 and HLA-C2 was

significantly associated with the reducing of relapse when compared with other group

(p-value=0.048) (Table 13).

Table 13. The effect of specific missing KIR ligand on relapse

Specific missing KIR ligand n=(66) Relapse No relapse p-value
No missing KIR ligand
Yes 4 (6.1%) 4 (6.1%) 0.232
No 16 (24.2%) 42 (63.6%)
Missing KIR ligand Al1 alone
Yes 1 (1.5%) 3 (4.5%) 0.812
No 19 (28.8%) 43 (65.2%)
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Specific missing KIR ligand n=(66) Relapse No relapse p-value
Missing KIR ligand Bw4 alone
Yes 2 (3.0%) 3 (4.5%) 0.624
No 18 (27.3%) 43 (65.2%)
Missing KIR ligand C2 alone
Yes 5(7.6%) 7 (10.6%) 0.488
No 15 (22.7%) 39 (59.1%)
Missing ligand A11+Bwd
Yes 1 (1.5%) 5(7.6%) 0.659
No 19 (28.8%) 41 (62.1%)
Missing ligand A11+C2
Yes 5(7.6%) 10 (15.2%) 0.771
No 15 (22.7%) 36 (54.5%)
Missing ligand Bw4+C2
Yes 2 (3.0%) 5(7.6%) 0.916
No 18 (27.3%) 41 (62.1%)
Missing ligand A11+Bwd+C2
Yes 0 (0%) 9 (13.6%) 0.048
No 20 (30.3%) 37 (56.1%)
Table 14. The effect of specific missing KIR ligand on aGVHD
Specific missing KIR ligand n=(66) acute GVHD No acute GVHD p-value
No missing KIR ligand
Yes 1(1.5%) 7 (10.6%) 0.520
No 13 (19.7%) 45 (68.2%)
Missing KIR ligand Al1 alone
Yes 2 (3.0%) 2 (3.0%) 0.195
No 12 (18.2%) 50 (75.8%)
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Specific missing KIR ligand n=(66) acute GVHD No acute GVHD p-value
Missing KIR ligand Bw4 alone
Yes 1 (1.5%) 4 (6.1%) 0.945
No 13 (19.7%) 48 (72.7%)
Missing KIR ligand C2 alone
Yes 6 (9.1%) 6 (9.1%) 0.014
No 8 (12.1%) 46 (69.7%)
Missing ligand A11+Bw4d
Yes 1 (1.5%) 5 (7.6%) 0.775
No 13 (19.7%) a7 (71.2%)
Missing ligand A11+C2
Yes 1(1.5%) 14 (21.2%) 0.161
No 13 (19.7%) 38 (57.6%)
Missing ligand Bwa4+C2
Yes 1(1.5%) 6 (9.1%) 0.635
No 13 (19.7%) 46 (69.7%)
Missing ligand A11+Bwd+C2
Yes 1 (1.5%) 8 (12.1%) 0.671
No 13 (19.7%) 44 (66.7%)
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Figure 18. The effect of missing HLA-C group 2 alone on aGVHD

Table 15. The effect of specific missing KIR lisand on cGVHD

Specific missing KIR ligand n=(66) Chronic GVHD | No Chronic GVHD p-value
No missing KIR ligand
Yes 1 (1.5%) 7 (10.6%) 0.418
No 19 (28.8%) 39 (59.1%)
Missing KIR ligand Al1 alone
Yes 1(1.5%) 3 (4.5%) 0.812
No 19 (28.8%) 43 (65.2%)
Missing KIR ligand Bw4 alone
Yes 2 (3.0%) 3 (4.5%) 0.624
No 18 (27.3%) 43 (65.2%)
Missing KIR ligand C alone
Yes 7 (10.6%) 5(7.6%) 0.054
No 13 (19.7%) 41 (62.1%)
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Specific missing KIR ligand n=(66) Chronic GVHD | No Chronic GVHD p-value
Missing ligand A11+Bwd
Yes 1 (1.5%) 5(7.6%) 0.659
No 19 (28.8%) 41 (62.1%)
Missing ligand A11+C2
Yes 3 (4.5%) 12 (18.2%) 0.524
No 17 (25.8%) 34 (51.5%)
Missing ligand Bw4+C2
Yes 3 (4.5%) 4 (6.1%) 0.425
No 17 (25.8%) 42 (63.6%)
Missing ligand A11+Bwd+C2
Yes 2 (3.0%) 7 (10.6%) 0.712
No 18 (27.3%) 39 (59.1%)
Table 16. The effect of specific missing KIR ligand on survival
Specific missing KIR ligand (n=66) Alive Death p-value
No missing KIR ligand
Yes 5 (7.6%) 3 (4.5%) 0.390
No 45 (68.2%) 13 (19.7%)
Missing KIR ligand Al1 alone
Yes 3 (4.5%) 1 (1.5%) 0.971
No a7 (71.2%) 15 (22.7%)
Missing KIR ligand Bw4 alone
Yes 3 (4.5%) 2 (3.0%) 0.588
No a7 (71.2%) 14 (21.2%)
Missing KIR ligand C alone
Yes 8 (12.1%) 4 (6.1%) 0.465
No 42 (63.6%) 12 (18.2%)
Missing lisand A11+Bwd
Yes 4 (6.1%) 2 (3.0%) 0.627
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Specific missing KIR ligand (n=66) Alive Death p-value
No 46 (69.7%) 14 (21.2%)
Missing ligand A11+C2
Yes 12 (18.2%) 3 (4.5%) 0.663
No 38 (57.6%) 13 (19.7%)
Missing ligand Bwd+C2
Yes 6 (9.1%) 1 (1.5%) 0.516
No 44 (66.7%) 15 (22.7%)
Missing ligand A11+Bwd+C2
Yes 9 (13.6%) 0 (0%) 0.100
No 41 (62.1%) 16 (24.2%)

Missing ligand effect for inhibitory KIR on clinical outcome

The contributions of specific absence of HLA ligand for KIR receptor effect on

clinical outcome were shown in table 17-20. This study investigated the patients with

lacking of ligands for inhibitory KIR3DL2, KIR3DL1 and KIR2DL1. We compared the effect

on clinical outcome between absence and presence of HLA licand for individual

inhibitory KIR receptor. Both of absence of ligand for KIR3DL1 and KIR3DL2 had trend

to reach the statistical significance for reducing relapse incidence (Table 17). The trend

to reach statistically significance for reducing chronic GVHD was also found in patients

with absent ligand for KIR3DL2.

Table 17. Missing ligand effect for inhibitory KIR on relapse

Present of Bw4 ligand to KIR3DL1

15 (22.7%)

24 (36.4%)

Inhibitory KIR Relapse No relapse p-value
Inhibitory KIR3DL2 (n=66)
Absence of Al1 ligand to KIR3DL2 7 (10.6%) 27 (40.9%) 0.077
Present of A11 ligand to KIR3DL2 13 (19.7%) 19 (28.8%)
Inhibitory KIR3DL1 (n=66)
Absence of Bw4 ligand to KIR3DL1 5(7.6%) 22 (33.3%) 0.083
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Inhibitory KIR Relapse No relapse p-value
Inhibitory KIR2DL1 (n=66)
Absence of C2 ligand to KIR2DL1 11 (16.7%) 29 (43.9%) 0.539
Present of C2 ligand to KIR2DL1 9 (13.6%) 17 (25.8%)
Inhibitory KIR2DL2/3 (n=66)
Absence of C1 ligand to KIR2DL2/3 1(1.5%) 2 (3.0%) 0.907
Present of C1 ligand to KIR2DL2/3 19 (28.8%) 44 (66.7%)
Table 18. Missing ligand effect for inhibitory KIR on aGVHD
Inhibitory KIR Acute GVHD No acute GVHD p-value
Inhibitory KIR3DL2 (n=66)
Absence of Al1 ligand to KIR3DL2 5 (7.6%) 29 (43.9%) 0.183
Present of A11 ligand to KIR3DL2 9 (13.6%) 23 (34.8%)
Inhibitory KIR3DL1 (n=66)
Absence of Bw4 ligand to KIR3DL1 4 (6.1%) 23 (34.8%) 0.290
Present of Bw4 ligand to KIR3DL1 10 (15.2%) 29 (43.8%)
Inhibitory KIR2DL1 (n=66)
Absence of C2 ligand to KIR2DL1 8 (12.1%) 32 (48.5%) 0.765
Present of C2 ligand to KIR2DL1 6 (9.1%) 20 (30.3%)
Inhibitory KIR2DL2/3 (n=66)
Absence of C1 ligand to KIR2DL2/3 1(1.5%) 2 (3.0%) 0.517
Present of C1 ligand to KIR2DL2/3 13 (19.7%) 50 (75.8%)
Table 19. Missing ligand effect for inhibitory KIR on cGVHD
Inhibitory KIR Chronic GVHD No chronic GVHD | p-value
Inhibitory KIR3DL2 (n=66)
Absence of Al1 ligand to KIR3DL2 7 (10.6%) 27 (40.9%) 0.077

Present of A11 ligand to KIR3DL2

13 (19.7%)

19 (28.8%)
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Inhibitory KIR Chronic GVHD | No chronic GVHD | p-value
Inhibitory KIR3DL1 (n=66)
Absence of Bw4 ligand to KIR3DL1 8 (12.1%) 19 (28.8%) 0.921
Present of Bw4 ligand to KIR3DL1 12 (18.2%) 27 (40.9%)
Inhibitory KIR2DL1 (n=66)
Absence of C2 ligand to KIR2DL1 14 (21.2%) 26 (39.4%) 0.303
Present of C2 ligand to KIR2DL1 6 (9.1%) 20 (30.3%)
Inhibitory KIR2DL2/3 (n=66)
Absence of C1 ligand to KIR2DL2/3 1(1.5%) 2 (3.0%) 0.907
Present of C1 ligand to KIR2DL2/3 19 (28.8%) 44 (66.7%)
Table 20. Missing ligand effect for inhibitory KIR on survival
Inhibitory KIR Alive Dead p-value
Inhibitory KIR3DL2 (n=66)
Absence of A11 ligand to KIR3DL2 28 (42.4%) 6 (9.1%) 0.197
Present of A11 ligand to KIR3DL2 22 (33.3%) 10 (15.2%)
Inhibitory KIR3DL1 (n=66)
Absence of Bw4 ligand to KIR3DL1 22 (33.3%) 5 (7.6%) 0.367
Present of Bw4 ligand to KIR3DL1 28 (42.4%) 11 (16.7%)
Inhibitory KIR2DL1 (n=66)
Absence of C2 ligand to KIR2DL1 32 (48.5%) 8 (12.1%) 0.319
Present of C2 ligand to KIR2DL1 18 (27.3%) 8 (12.1%)
Inhibitory KIR2DL2/3 (n=66)
Absence of C1 ligand to KIR2DL2/3 3 (4.5%) 0 (0%) 0.316

Present of C1 ligand to KIR2DL2/3

a7 (71.2%)

16 (24.2%)

Missing Ligand Effect on Clinical Outcome in Specific Cancer Type

We analyzed the missing KIR ligand effect on clinical outcome in different types

of hematological malignancy diseases. There were AML, ALL and CML patients. First,

we compared the effect of one or more than one missing KIR ligand with no missing
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KIR ligand on the patient outcome. In each type of disease, one or more missing KIR
lisand was not significantly associated with any clinical outcome. However, the AML
patients with 2 or more than 2 missing KIR ligand had significantly lower relapse (p-
value=0.033) (Figure 19) and higher survival (p-value=0.018) (Figure 20), but it did not
affect the relapse and overall survival in ALL and CML patients (Figure 21-24).

Relapse in AML patients

1.0

Less than 2 missing ligand [n=18)

il

| n=40 patients |

nE= | P-value=0.033 |
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Cumulative relapse

2 or more than 2 missing ligand (n=22)

0=

Do=

Drays after transplantation

T T
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Figure 19. Relapse in AML patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.
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Overall survival in AML patients
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Figure 20. Overall survival in AML patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.
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Figure 21. Relapse in ALL patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.
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Figure 22. Overall survival in ALL patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.
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Figure 23. Relapse in CML patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.
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Figure 24. Overall survival in CML patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.

We compared the effect of 2 or more than 2 missing KIR ligand on acute GVHD
in patients with different disease groups. Interestingly, the CML Patients with 2 or more
missing KIR ligands had lower acute GVHD than other group (p=0.028) (Figure 25). On
the contrary, the ALL and AML patients with 2 or more missing KIR ligands had trend
of decreasing acute GVHD (Figure 26-27).
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Figure 25. Acute GVHD in CML patients with 2 or more than 2 missing KIR ligands

compared to the patients with less than 2 missing KIR ligands.
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Figure 26. Acute GVHD in ALL patients with 2 or more than 2 missing KIR ligand

compared to the patients with less than 2 missing KIR ligands.
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Figure 27. Acute GVHD in AML patients with 2 or more than 2 missing KIR ligand

compared to the patients with less than 2 missing KIR ligands.

KIR Haplotype Effect on Clinical Outcome

In this study, donors with haplotype AA group were found in 26 patients (39.4%)

and haplotype Bx group were found in 40 patients (60.6%). We analyzed the effect of

donor KIR haplotype by comparing haplotype AA and haplotype Bx with various clinical

outcomes. Our analysis showed no effect on relapse, aGVHD, cGVHD, and survival

(Table 21).

Table 21. The effect of donor KIR haplotype on transplant outcomes

Donor KIR haplotype (n=66) Relapse No relapse p-value
KIR haplotype AA (n=26) 9 (13.6%) 17 (25.8%) 0.539
KIR haplotype Bx (n=40) 11 (16.7%) 29 (43.9%)

Donor KIR haplotype (n=66) Acute GVHD No acute GVHD p-value
KIR haplotype AA (n=26) 6 (9.1%) 20 (30.3%) 0.765
KIR haplotype Bx (n=40) 8 (12.1%) 32 (48.5%)
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Donor KIR haplotype (n=66) Chronic GVHD | No chronic GVHD p-value
KIR haplotype AA (n=26) 9 (13.6%) 17 (25.8%) 0.539
KIR haplotype Bx (n=40) 11 (16.7%) 29 (43.9%)

Donor KIR haplotype (n=66) Alive Death p-value
KIR haplotype AA (n=26) 19 (28.8%) 7 (10.6%) 0.682
KIR haplotype Bx (n=40) 31 (47.0%) 9 (13.6%)

Next, we analyzed the effect of KIR haplotype on clinical outcome in AML

patients. The data also showed no significant association with any outcomes (Table

22).

Table 22. The donor KIR haplotype in AML patients on transplant outcomes

Donor KIR haplotype (n=40) Relapse No relapse p-value
KIR haplotype AA (n=16) 5(12.5%) 11 (27.5%) 0.890
KIR haplotype Bx (n=24) 8 (20.0%) 16 (40.0%)

Donor KIR haplotype (n=40) Acute GVHD No acute GVHD p-value
KIR haplotype AA (n=16) 4 (10.0%) 12 (30.0%) 0.519
KIR haplotype Bx (n=24) 4 (10.0%) 20 (50.0%)

Donor KIR haplotype (n=40) Chronic GVHD | No chronic GVHD p-value
KIR haplotype AA (n=16) 4 (10.0%) 12 (30.0%) 0.757
KIR haplotype Bx (n=24) 5 (12.5%) 19 (47.5%)

Donor KIR haplotype (n=40) Alive Death p-value
KIR haplotype AA (n=16) 11 (27.5%) 5 (12.5%) 0.888
KIR haplotype Bx (n=24) 17 (42.5%) 7 (17.5%)
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The following activating KIRs were analyzed including KIR2DS1, KIR2DS2,
KIR2DS3, KIR2DS4, KIR2DS5 and KIR3DS1. There was no difference between positive and

negative presence of donor activating KIR genes on transplant outcomes (Table 23-26).

Table 23. Activating KIR Effect on relapse

Activating KIR Relapse No relapse p-value
KIR2DS1 (n=66)
Positive 8 (12.1%) 23 (34.8%) 0.454
Negative 12 (18.2%) 23 (34.8%)
KIR2DS2 (n=66)
Positive 7 (10.6%) 18 (27.3%) 0.751
Negative 13 (19.7%) 28 (42.4%)
KIR2DS3 (n=66)
Positive 4 (6.1%) 9 (13.6%) 0.967
Negative 16 (24.2%) 37 (56.1%)
KIR2DS4 (n=66)
Positive 19 (28.8%) 41 (62.1%) 0.446
Negative 1(1.5%) 5 (7.6%)
KIR2DS5 (n=66)
Positive 7 (10.6%) 17 (25.8%) 0.879
Negative 13 (19.7%) 29 (43.9%)
KIR3DS1 (n=66)
Positive 7 (10.6%) 18 (27.3%) 0.751
Negative 13 (19.7%) 28 (42.4%)

Table 24. Activating KIR Effect on on aGVHD
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Activating KIR Acute GVHD No acute GVHD p-value
KIR2DS1 (n=66)
Positive 7 (10.6%) 24 (36.4%) 0.798
Negative 7 (10.6%) 28 (42.4%)
KIR2DS2 (n=66)
Positive 4 (6.1%) 21 (31.8%) 0.419
Negative 10 (15.2%) 31 (47.0%)
KIR2DS3 (n=66)
Positive 1 (1.5%) 12 (18.2%) 0.183
Negative 13 (19.7%) 40 (60.6%)
KIR2DS4 (n=66)
Positive 14 (21.2%) 46 (69.7%) 0.183
Negative 0 (0%) 6 (9.1%)
KIR2DS5 (n=66)
Positive 6 (9.1%) 18 (27.3%) 0.569
Negative 8 (12.1%) 34 (51.5%)
KIR3DS1 (n=66)
Positive 7 (10.6%) 18 (27.3%) 0.292
Negative 7 (10.6%) 34 (51.5%)
Table 25. Activating KIR Effect on cGVHD
Activating KIR Chronic GVHD | No chronic GVHD p-value
KIR2DS1 (n=66)
Positive 10 (15.2%) 21 (31.8%) 0.745
Negative 10 (15.2%) 25 (37.9%)
KIR2DS2 (n=66)
Positive 6 (9.1%) 19 (28.8%) 0.384
Negative 14 (21.2%) 27 (40.9%)
KIR2DS3 (n=66)
Positive 3 (4.5%) 10 (15.2%) 0.527
Negative 17 (25.8%) 36 (54.5%)
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Activating KIR Chronic GVHD | No chronic GVHD p-value
KIR2DS4 (n=66)
Positive 20 (30.3%) 40 (60.6%) 0.167
Negative 0 (0%) 6 (9.1%)
KIR2DS5 (n=66)
Positive 7 (10.6%) 17 (25.8%) 0.879
Negative 13 (19.7%) 29 (43.8%)
KIR3DS1 (n=66)
Positive 7 (10.6%) 18 (27.3%) 0.751
Negative 13 (19.7%) 28 (42.4%)
Table 26. Activating KIR Effect on survival
Activating KIR Alive Dead p-value
KIR2DS1 (n=66)
Positive 24 (36.4%) 7 (10.6%) 0.767
Negative 26 (39.4%) 9 (13.6%)
KIR2DS2 (n=66)
Positive 20 (30.3%) 5 (7.6%) 0.530
Negative 30 (45.5%) 11 (16.7%)
KIR2DS3 (n=66)
Positive 9 (13.6%) 4 (6.1%) 0.540
Negative 41 (62.1%) 12 (18.2%)
KIR2DS4 (n=66)
Positive 44 (66.7%) 16 (24.2%) 0.146
Negative 6 (9.1%) 0 (0%)
KIR2DS5 (n=66)
Positive 19 (28.8%) 5 (7.6%) 0.625
Negative 31 (47.0%) 11 (16.7%)
KIR3DS1 (n=66)
Positive 19 (28.8%) 6 (9.1%) 0.971

Negative

31 (47.0%)

10 (15.2%)
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This study also analyzed 31 donor-patient pairs with KIR2DS1 and HLA-C
HLA-C2 is the ligand for

genotypes for their association with clinical outcomes.

activating KIR2DS1 and controlled NK cell to activation. From previous investigation,

patients who were homozygous or heterozygous HLA-C1 antigens and received donor

KIR2DS1 gene had better outcome in AML [89]. However, their interaction was not

associated with any outcome in our study. When analyzed only in patients with AML,

we could not observe any advantages either (Table 24-25)

Table 27. The KIR2DS1 and HLA-C1 ligand on transplant outcomes

KIR2DS1 and HLA-C ligand (n=31) Relapse No relapse p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=29) 7 (22.6%) 22 (71.0%) 0.419
KIR2DS1 with HLA-C2 (n=2) 1(3.2%) 1(3.2%)

KIR2DS1 and HLA-C ligand (n=31) | Acute GVHD No acute GVHD p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=29) 7(22.6%) 22(71.0%) 0.430
KIR2DS1 with HLA-C2 (n=2) 0 (0%) 2(6.5%)

KIR2DS1 and HLA-C ligand (n=31) | Chronic GVHD | No chronic GVHD p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=29) 10 (32.3%) 19 (61.3%) 0.313
KIR2DS1 with HLA-C2 (n=2) 0 (0%) 2 (6.5%)

KIR2DS1 and HLA-C ligand (n=31) Alive Death p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=29) 23 (74.2%) 6 (19.4%) 0.406
KIR2DS1 with HLA-C2 (n=2) 1(3.2%) 1(3.2%)

Table 28. AML Patients with KIR2DS1 and HLA-C1 ligand on transplant outcomes

KIR2DS1 and HLA-C ligand (n=19) Relapse No relapse p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=17) 5 (26.3%) 12 (63.2%) 0.554
KIR2DS1 with HLA-C2 (n=2) 1(5.3%) 1 (5.3%)

KIR2DS1 and HLA-C ligand (n=19) | Acute GVHD No acute GVHD p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=17) 3 (15.8%) 14 (73.7%) 0.517
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KIR2DS1 with HLA-C2 (n=2) 0 (0%) 2 (10.5%)

KIR2DS1 and HLA-C ligand (n=19) | Chronic GVHD | No chronic GVHD p-value
KIR2DS1 with HLA-C1 or C1/C2 5(26.3%) 12 (63.2%) 0.591
(n=17)KIR2DS1 with HLA-C2 (n=2) 0 (0%) 2 (10.5%)

KIR2DS1 and HLA-C ligand (n=19) Alive Death p-value
KIR2DS1 with HLA-C1 or C1/C2 (n=17) 12 (63.2%) 5 (26.3%) 0.554
KIR2DS1 with HLA-C2 (n=2) 1(5.3%) 1 (5.3%)

In addition, 19 donor-patient pairs with KIR2DS2 and HLA-C genotypes were

analyzed for their association with clinical outcomes. KIR2DS2 is an activating receptor

for NK activation, which its interactive ligand is HLA-C group 1. Similar to previous report

[48], activating KIR and HLA-C gene were determined for interaction between KIR2DS2

with HLA-C group 1. Patients who had HLA-C1 group did not have beneficial effect

from donor KIR2DS2-positive allogragts (Table 29-30). HSCT performed for acute

myeloid leukemia patients who were homozygous HLA-C1 or heterozygous HLA-C1

had no advantage in clinical outcome.

Table 29. The KIR2DS2 and HLA-C ligand on transplant outcomes

KIR2DS2 and HLA-C ligand (n=25) Relapse No relapse p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=24) 7 (28.0%) 17 (68.0%) 0.524
KIR2DS2 with HLA-C2 (n=1) 0 (0%) 1 (4.0%)

KIR2DS2 and HLA-C ligand (n=25) Acute GVHD No acute GVHD p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=24) 4 (16.0%) 20 (80.0%) 0.656
KIR2DS2 with HLA-C2 (n=1) 0 (0%) 1 (4.0%)

KIR2DS2 and HLA-C ligand (n=25) Chronic GVHD | No chronic GVHD p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=24) 6 (24.0%) 18 (72.0%) 0.566
KIR2DS2 with HLA-C2 (n=1) 0 (0%) 1 (4.0%)

KIR2DS2 and HLA-C ligand (n=25) Alive Death p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=24) 19 (76.0%) 5 (20%) 0.610
KIR2DS2 with HLA-C2 (n=1) 1 (4.0%) 0 (0%)




Table 30. AML Patients with KIR2DS2 and HLA-C ligand on transplant outcomes
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KIR2DS2 and HLA-C ligand (n=15) Relapse No relapse p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=14) 5(33.3%) 9 (60.0%) 0.464
KIR2DS2 with HLA-C2 (n=1) 0 (0%) 1 (6.7%)

KIR2DS2 and HLA-C ligand (n=15) Acute GVHD No acute GVHD p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=14) 3 (20.0%) 11 (73.3%) 0.605
KIR2DS2 with HLA-C2 (n=1) 0 (0%) 1 (6.7%)

KIR2DS2 and HLA-C ligand (n=15) Chronic GVHD | No chronic GVHD p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=14) 2 (13.3%) 12 (80.0%) 0.685
KIR2DS2 with HLA-C2 (n=1) 0 (0%) 1 (6.7%)

KIR2DS2 and HLA-C ligand (n=15) Alive Death p-value
KIR2DS2 with HLA-C1 or C1/C2 (n=14) 10 (66.7%) 4 (26.7%) 0.533
KIR2DS2 with HLA-C2 (n=1) 1 (6.7%) 0 (0%)




CHAPTER V
DISCUSSION

The KIR genes have been proposed to help predict inhibitory KIR-driven donor
NK alloreactivity in the clinical situation besides HLA compatibility between donors
and patients. Since KIR and HLA genotypes segregate independently, the possibility of
NK cells with KIR receptor have no HLA ligand exist. This study was designed to see
the impact of the missing KIR ligand on various clinical outcomes in the Thai HLA-
identical sibling transplantation.

First, our study determined the frequencies of HLA ligand, killer cell
Immunoglobulin-like receptors (KIRs) and missing KIR ligands, we compared our result
to previous reports. The distribution of KIR gene frequencies in donors was mostly
similar to previous results in Thai populations (as shown in Table 31) [90]. If compared
with other ethnic groups, the frequencies of inhibitory KIR2DL1, KIR2DL2 and KIR2DL3
gene and activating KIR2DS2, KIR2DS3 and KIR3DS1 were significantly different among

other population from the present Thai population (Table 31-32) [91-94].

Table 31. The distribution of inhibitory KIR genes of Thai population and other

populations
Inhibitory Thai Chinese Viethamese Caucasian African
KIR
Present Tammakorn et| Jiang et Toneva et Clausen et | Norman et
genotype
study al.,2011 al.,,2005 [al.,2001 (n=59) al.,2010 al.,2002
(n=66) (n=500) (n=104) (n=100) (n=62)
KIR2DL1Z, 63 (95.5%) 492 (98.4%) 103 (99%) 57 (98%) 97 (97%) 49 (79%)°
n (%)
KIR2DL2, 26 (39.4%) 187 (37.4%) | 18 (17.3%)" 26 (45%) 55 (55%)" 32 (52%)
n (%)
KIR2DL3, 62 (93.9%) 483 (96.6%) 103 (99%) 39 (66%)" 91 (91%) 52 (85%)
n (%)
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Inhibitory Thai Chinese Vietnamese Caucasian African
KIR
Present Tammakorn et| Jiang et Toneva et Clausen et | Norman et
genotype
study al.,2011 al.,,2005 [al.,,2001 (n=59) al,,2010 al.,,2002
(n=66) (n=500) (n=104) (n=100) (n=62)
KIR3DL1, 63 (95.5%) 463 (92.6%) 98 (94.2%) 52 (88%) 91 (91%) 60 (98%)
n (%)
KIR3DL2, 66 (100%) 500 (100%) 104 (100%) 59 (100%) 100 (100%) 62 (100%)
n (%)

The inhibitory KIR were compared to the present study by Chi-square test; 9p=0.0006, °p=0.0009, p=0.034,

4p=0.0001

Table 32. The distribution of activating KIR genes of Thai population and other

populations
Thai Chinese Vietnamese Caucasian African

Activating KIR

Present Tammakorn Jiang et Toneva et Clausen et Norman et

genotype

study et al (n=500)| al.,2005 |al.,2001 (n=59) al.,2009 al.,2002 (n=62)

(n=66) (n=104) (n=100)
KIR2DS1, n (%) 31(46.9%) | 213 (42.6%) | 35(33.7%) 22 (37%) 35 (35%) 14 (23%)
KIR2DS2, n (%) 25(37.9%) | 188 (37.6%) | 18 (17.3%)° 24 (41%) 56 (56%)" 28 (45%)
KIR2DS3, n (%) 13(19.7%) | 152 (30.4%) | 13 (12.5%) 20 (34%)" 30 (30%) 11 (19%)
KIR2DS4, n (%) 60 (90.9%) | 463 (92.6%) | 84 (80.7%) 52 (88%) 84 (84%) 60 (97%)
KIR2DS5, n (%) 24 (36.4%) 155 (31%) 24 (23%) ND 30 (30%) 14 (24%)
KIR3DS1, n (%) 25 (37.9%) | 208 (41.6%) | 34 (32.8%) 24 (41%) 38 (38%) 8 (13%)"

The activating KIR were compared to the present study by Chi-square test; 9p=0.0015, °p=0.016, p=0.038,

40=0.0001 ; ND = no data

When we determined the missing KIR ligand, It is important to note that nearly

90% of the Thai patients possessed missing KIR ligands similar to previous report [1].

There seem to be less missing KIR ligands in the American and the Caucasian studies
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(Table 30) [1, 61, 70, 95]. However, it should be noted that the reports in American
and the Caucasian did not include the analysis of HLA-A11 ligand.

Table 33. The frequencies of missing KIR ligands in Thai population and other

populations
Thai American® Caucasian® Asian
KIR genotype
Present study |Wongwuttisaroj| Hu et al.,2005 | Clausen et Linn et
(n=66) et al (n=74) (n=178) al.,2007 (n=35)| al.,2010
(n=151)
Missing KIR ligand, n (%) 58 (87.9%) 60 (81.1%) 112 (62.9%) 21 (60%) 122 (81%)
No missing ligand, n (%) 8 (12.1%) 14 (18.9%) 66 (37.1%) 14 (40%) 29 (19%)

The missing KIR ligand were compared to the present study by Chi-square test; °p=0.0001, °p=0.0001

As expected, the specific KIR ligand and missing KIR ligand frequencies from our
study were mostly similar to previous results in Thai populations, but there were more
different from Caucasian and Chinese populations (Table 34, 35) [1, 84, 93] [61, 82, 96].

Table 34. The frequencies of KIR-ligands in Thai population and other populations

Thai Caucasian Chinese
KIR-igand Present study | Wongwuttisaroj Clausen et Wang et
(n=66) et al.,,2012 al,,2010 al.,2013 (n=52)
(n=74) (n=100)
HLA-Bw4, n (%) 37 (48.5%) 36 (49%) 74 (74%)° ND
Homozygote HLA-C1, n (%) 41 (62.1%) 45 (60.8%) 40 (40%)° 25 (48%)"
Homozygote HLA-C2, n (%) 3 (4.5%) 0 13 (13%) 3 (5.7%)
Heterozygote HLA-C1/C2, n (%) 22 (33.3%) 29 (39.2%) a7 (47%) 24 (46.1%)

The KIR-ligand were compared to the present study by Chi-square test; °p=0.0005, °p=0.003, “p=0.0001 ; ND = no
data

Table 35. The frequencies of absent KIR ligand in Thai population and other

populations
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KIR ligand absent

Thai

American

Japanese

Caucasian

Recent study
(n=66)

Hu et al.,2005
(n=112)

Hu et al.,2006
(n=568)

Bjorklund et
al.,2010 (n=67)

3 (4.5%)

27 (24.1%)°

2(0.37%)

14 (20.9%)°

HLA-C group 1 absent for
donor KIR2DL2/3, n (%)

HLA-C group 2 absent for 40 (60.6%) 31 (27.7%)" 319 (56%) 17 (25.4%)°

donor KIR2DL1, n (%)

HLA-Bwd absent for donor 27 (40.9%) 19 (17.0%)° 33 (6%) 9 (13.4%)°

KIR3DL1, n (%)

HLA-Bw4 and HLA-C absent 35 (31.3%)" 173 (30%) 27 (40.3%)

for donor KIR, n (%)

7 (10.6%)

The absent KIR ligand were compared to the present study by Chi-square test; °p=0.0003, °p=0.0016, “p=0.0001,
9=0.0001, ©p=0.0003, /p=0.0001, *p=0.0001, "p=0.001, 'p=0.0016,’p=0.0001

Next, we analyzed missing KIR ligand, activating KIR genotypes, and KIR
haplotypes to each clinical outcome. Although, previous study in Thai population
reported the positive association between the activating KIR2DS5 with decreased acute
GVHD in HLA identical transplantation [1], there was no association between any
particular activating KIR genotypes or haplotypes with any clinical outcomes in our
study. However, it should be noted that both Thai studies had limited sample sizes,

and there also had different disease distributions and transplant protocols (Table 36).

Table 36. The characteristics in Both Thai Studies

characteristics Wongwuttisaroj et al.,2012 Present study
Sample size 51 patients 66 patients
Condition regimen
TBl-based 5.4% 66.7%
Busulfan-based” 89.2% 33.3%
Unknown 5.4% ND
Patient age ,median(range) 37.85(17-57) 35(15-62)
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characteristics Wongwuttisaroj et al.,2012 Present study

Patient/donor sex

M/M 27.0% 25.8%
M/F 32.4% 21.2%
F/F° 16.2% 31.8%
F/M 24.3% 21.2%
Diagnosis
AML? 33.8% 60.6%
ALL 9.5% 18.2%
cML? 56.8% 21.2%

Clinical outcome

Relapse 19.6% 30.8%
aGVHD 27.45% 21.5%
cGVHD® 49.01% 31.3%

The characteristic factors were compared between both Thais study by Chi-square test; 1p=0.0001, °p=0.0001,
3p=0.013, *p=0.0002, °p=0.0001, °p=0.014 ; ND = no data

We also could not detect any protective role of KIR2DS1 in association with
HLA-C1, which had been reported previously in AML [89]. One of a reason might be
due to a small comparative sample size of homozygous group 2 HLA-C in our study.

Interestingly, our study can clearly demonstrated the significant association
between the 2 or more than 2 missing KIR ligands with decrease in relapse and acute
GVHD. If sub-analysis into each disease, we even see the significant association
between the 2 or more than 2 missing KIR ligands with increase survival in AML group
too. Our result can demonstrate the dose effect of missing KIR ligands as well. The
patients with lack of 3 ligands for donor-inhibitory KIR resulted in no relapse and death.
| hypothesized that the number of KIR ligand mismatch has impact on NK functions. It
seems that the GVL effect correlates with the numbers of KIR ligand mismatch. Previous
studies in HLA-identical sibling transplantation have not produced consistent findings.
The beneficial effect of NK cells was mostly seen clearly in the T cell depleted rather
than T cell repleted protocol. Interestingly, most of the studies did not analyze dose

of missing KIR ligands. It is possible that in the identical sibling transplantation
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particularly with the T cell repleted protocol, the role of KIR alloreactivity is not so
strong. The protective role of NK alloreactivity might be recognized only in more than
2 missing ligands, which is true in our study. This might be the reason for the
inconsistent result.

The previous study demonstrated that NK cell amount was a major factor in
reduce risk of relapse when considered with missing KIR ligand [95]. Clausen et al.
suggested that the benefit of missing KIR ligand was not different between T cell
repleted and T cell depleted protocol. NK cell function following unmanipulated
protocol is similar to T cell depletion [93]. However, we did not have information on
NK cell amount in this study. The degree of post-transplantation immunosuppression
is another possible variation. This information was lacking in most studies. The
increased use of immunosuppression post-transplantation may promote NK

alloreactivity through T cell suppression [82].

Disease type is another major factor. The strong NK effects against AML have
previous been demonstrated, but they were less clear in CML and ALL [31, 61, 69].
The component of AML in each study was varies and might result in inconsistent
association [1, 78]. Previous study in Thai patients reported no association between
the missing KIR ligands (>_1) with any clinical outcome [1]. We suggest that this mainly
might be the result from the difference in patient cohorts because most of our patients
were AML (60%) while previous study were mostly CML (56.8%) (Table 33). Previous
data showed that the patients with AML/MDS showed a significantly reducing relapse
and increasing survival for patients with 2 missing KIR ligand compared with 1 or 0
missing KIR ligand group [70]. When myeloid leukemia patients were selected for
analysis, these effects became prominent, suggesting that patients with myeloid
malignancies were more responsive to treatment [69, 71, 74]. Several studies have

suggested that ALL is not as susceptible to missing KIR ligand [69, 74].

When specific type of missing KIR lisand was analyzed, our study showed that
patients who lack HLA-C group 2 had increased risk of acute GVHD. Interestingly,
previous report e.g., Cook et al. showed that in HLA-matched (T-replete) sibling
transplantation for myeloid leukemia, patients homozygous for C2 alleles receiving a

graft from a donor carrying KIR gene 2DS2 had a significantly reduced survival [48]. In
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addition, Bjorhlund et al., 2010 reported that missing HLA-C2 was associated with
increased hazard ration of acute GVHD and TRM [96]. However, in the latter study, the
author discussed that this specific association could not be explained by NK-cell
alloreactivity, because recipients lacking 2 ligands (HLA-Bwd and HLA-C1 or HLA-C2)
had a similar risk to develop GVHD as those with all ligands present. However, there is
no clear explanation for this observation. Another possible hypothesis is the role of
HLA-C2 in association with the stimulatory KIR. Recently, KIR2DS1 that also recognizes
the HLA-C group 2 epitope, was demonstrated to play a role in mediating alloreactivity
[76, 97]. Therefore, in the absence of HLA-C 2 group, the activating KIR2DS1 might
function less efficiently in killing APC and increased the risk of GVHD.

In summary, our result helps emphasize the important role of NK alloreactivity
as a protective factor in patients with myeloid leukemia including the HLA-identical
sibling using our treatment protocol. The development of adoptive transfer of NK cells

should be useful and in our HLA-identical patients.



CHAPTER VI
CONCLUSION

Although the impact of donor inhibitory KIR and the HLA ligand remains an
unresolved issue, the role of HLA class | with specific KIR in clinical implication for
allogeneic HSCT in myeloid leukemia is quite strong. Our present study demonstrated
the beneficial effects of missing KIR ligand based on the absence of HLA ligand for
particular inhibitory KIR genes in leukemia patients particularly AML. Moreover, the
model of 2 or more than 2 missing KIR ligand in patients could influence the clinical
outcome by reducing acute GVHD. Their capability of killing leukemic blast as well as
antigen presenting cell by a dose effect of missing KIR ligand become a criteria of
growing importance as clinicians are offered another important factor concerning donor
selection in sibling transplant settings along with HLA matching. In addition, the
development of adoptive transfer of NK cells should be useful both in HLA-mismatch
and HLA-identical patients. Towards this goal, our understanding of HLA-KIR interaction

with leukemic target cells needs to be further improved.
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Reagent preparation

1. Amplification mixture

APPENDIX

Number of D-mix(ul) Primer mix(ul) Taq DNA
reaction polymerase(ul)
1 6.9 2 0.1
10 69 20 1
50 345 100 5
96 662.4 192 9.6

2. Hybridization mixture

Melt by microwave.

Number of tests Hybridization Buffer(ul) Bead Mixture(ul)
1 16.1 1.9
10 161 19
50 805 95
96 1545.6 182.4
3. SAPE mixture
Number of Tests 100XSAPE(ul) SAPE Buffer(ul)
1 0.25 24.75
10 2.5 247.5
50 12.5 1237.5
96 24 2376
4. 1 X TBE buffer
Tris Borate EDTA 17 ¢
Distilled water to 1,000 ml
. 2% agarose gel
LE agarose 08¢
1 X TBE 40 ml
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