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Abstract

L

Background: Killer Immunoglobulin like receptor (KIR) genes that modulate Natural Killer cell alloreactivity have
been linked with predicting haploidentical hematopoietic stem cell transplant outcomes.

Study design and methods: We present two haploidentical hematopoietic stem cell transplant (HHSCT)
scenarios, wherein after engraftment there was graft loss. We hypothesized that this phenomenon was due to KIR
ligand matches/mismatches. The KIR ligand matches/mismatches were examined in both patient donor pairs.

Results: Patient 1 and 2 were 11/12 and 12/12 match for HLA A, B, C, DRB1, DQB1 and DPB1 in GvH
respectively, and their donors were 6/12 and 7/12 HLA match in HvG directions. It was observed that there was
KIR activating receptor (aKIR) match and stronger KIR inhibitory receptor (iKIR) mismatch in GvH direction which
resulted in removal of leukemic cells. Moreover, in the HvG direction, the stronger aKIR match led to graft rejection.

Conclusion: This study highlights the implication of KIR-HLA interaction in predicting graft survival.
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Host; HvG: Host vs Graft; GvL: Graft vs Leukemia; Ph+: Philadelphia
Positive; ALL: Acute Lymphoblastic Leukemia; CML: Chronic Myeloid
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Introduction

Haploidentical hematopoietic stem cell transplantation is one
of the treatment option for leukemic patients who do not find a full
HLA matched donor [1]. NK cells are the first cells against tumors
and viral infections which act by suppressing or amplifying the T
cell alloreactivity and play a major role in transplant outcomes. NK
cells express a group of glycoproteins on their surface known as Killer
immunoglobulin-like receptors (KIRs). NK cells are regulated by a net
balance of activating and inhibitory signals that fine tune potent effector
functions, such as cytolytic activity. Human NK cells express inhibitory
and activating killer cell immunoglobulin like receptors (iKIRs and
aKIRs) that recognize specific HLA class I alleles (“KIR ligands”) [2].
The KIRs can either be inhibitory or activating receptors based on the
length of the intracytoplasmic tail; long intracytoplasmic domain (L)
is denoted as inhibitory iKIR, and a short intracytoplasmic domain (S)
as activating KIR (aKIR), with an exception of KIR2DL4 which can be
both inhibitory as well as activating [3]. The HLA ligand for inhibitory
KIR2DL1 is HLA C2 (stronger inhibition), KIR2DL2/3 is HLA C1
(weaker inhibition), KIR3DL1 is Bw4 and activating KIR2DS1 is HLA
C2 (weaker activation), KIR2DS2 is HLA C1 (stronger activation) and
KIR3DSI is Bw4 [4-6].

Recently, KIR receptors have been implied in predicting transplant
outcomes [7-11]. Ligands for KIR receptors are the HLA Class I
molecules, hence, HLA alleles of the patient and donor will predict a

KIR ligand ligand match/mismatch between the patient donor pair.
When the patient is homozygous for HLA alleles and the donor is
heterozygous, it suggests that there is a HLA haplotype mismatch
between the patient-donor pair which in turn leads to KIR ligand
ligand mismatch. When the mismatch is in the GvH direction, it
leads to better GvL effect, however, when the mismatch is in the HvG
direction it leads to the graft being recognized as foreign and hence
removed from the host. Figure 1 explains this hypothesis based on
HLA ligand-KIR receptor match/mismatch. In the graft vs host (GvH)
direction, if there is an increase in donor iKIR mismatch and a decrease
in donor aKIR mismatch with patient HLA KIR ligand, it is expected
that there would be more activation of NK cell activity which leads
to removal of cancer cells, hence, lower relapse and increased overall
survival. Whereas, in Host vs Graft (HvG) direction, an increase in
aKIR mismatch and decrease or no iKIR mismatch (iKIR match) will
result in lesser removal of graft cells (Figure 1).

Materials and Methods

Two patients, diagnosed as Philadelphia positive (Ph+) acute
lymphoblastic leukemia (ALL) and chronic myeloid leukemia
(CML) underwent HHSCT from their father and brother as donors,
respectively.
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= Increased donor KIR inhibitory receptor mismatch with patient HLA Ligand

* Decreased donor KIR Activating receptor mismatch with patient HLA Ligand

* Results in more activation of NK cell activity and Lower inhibition

= Leads to removal of cancer cells, hence, lower relapse and increased overall survival

(B)
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HvG

* Host with increased KIR activating receptor mismatch with donor HLA Ligand
* Host with decreased or No KIR inhibitory receptor mismatch with donor HLA Ligand
= Lesser removal of Graft cells
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Figure 1: Hypothesis for successful engraftment and lower relapse. A) Graft vs Host (GvH) direction and B) Host vs Graft (HvG) direction.

Conditioning regimen used for Ph+ ALL was fludarabine 30 mg/
m? for 5 days and melphalan 140 mg/m* for 1 day. Patient with CML
received fludarabine 30 mg/m? for 5 days, treosulfan 14 g/m? for 3 days
and 2 Gy total body irradiation (TBI) for 1 day. Graft versus host disease
(GVHD) prophylaxis for both patients was cyclophosphamide (50
mg/kg) on 3™ and 4™ day post-transplant followed by cyclosporine (1
patient) and tacrolimus (1 patient) with mycophenolate mofetil (MMF)

from 5% day post-transplant. Neutrophil and platelet engraftment
occurred on Day 14 and Day 17 respectively for patient 1 and Day 16
in patient 2. Peripheral blood chimerism for both patients was 100 %
donor on day 14 and 28 post transplant. Slippage of chimerism began
from Day 90 for patient 1 and Day 60 for patient 2 and graft was lost
by D+90 for patient 1 and 2 months post transplantation for patient 2
respectively.
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While the Ph+ ALL patient remains in remission with autologous
recovery, patient with CML had relapse of chronic phase.

HLA and KIR genotyping

DNA was extracted using the salting out method (Bag Diagnostics,
Germany). In both the patients and donors, high resolution HLA
typing for HLA A, HLA B, HLA C, HLA DRBI, HLA DQBI1 and
HLA DPBI1 was carried out using the Sequence based typing method
(GenDx, Netherlands). KIR ligands were assigned to patients using
the algorithm available on the KIR Ligand calculator tool (HLA
Informatics Group of the Anthony Nolan Research Institute (http://
www.ebi.ac.uk/ipd/kir/)). KIR genotyping for 16 KIR genes (KIR3DL3,
KIR2DS2, KIR2DL2, KIR2DL3, KIR2DL5A/B, KIR2DS3/2DS5,
KIR2DP1, KIR2DL1, KIR3DP1, KIR2DIL4, KIR3DS1, KIR2DSI,
KIR2DS4, and KIR3DL2) was carried out by PCR-SSP method using
a ready available kit (Bag Diagnostics, Germany) as per manufactures
instructions. Informed consent was taken for both patient donor pairs
for undergoing allogeneic haploidentical transplant.

Results

The HLA typing for the 2 patients and their donors is shown in
Table 1. For patient 1 and patient 2 there was 11/12 and 12/12 match
for HLA in GvH respectively, and their donors were heterozygous, 6/12
and 7/12 HLA match in HvG directions. Both the donors carried the
C1C2 HLA C epitope and the TT (Bw4) epitope. Both patients carried
the C2C2 HLA C epitope, however, patient 1 carried the T-I- (absence
of Bw4 epitope) and patient 2 carried the TT (Bw4) epitope for HLA B.

For patient 1, there was no post transplantation CMV reactivation,
adenoviral or fungal infection. However, polyomavirus BK reactivation

HLAA HLAB HLAC
Patient 1 01:01:01 G 35:01:01 G 04:01:01 G
Donor 1 01:01:01 G 35:01:01 G 04:01:01 G

11:01:01 G 44:03:02 G 07:01:01 G
Patient 2 02:35:01 13:01:01 G 04:03:01
Donor 2 02:35:01 13:01:01 G 04:03:01

33:03:01 G 40:06:01 G 08:01:01 G

was observed in this patient (1.6 x 10* copies /ml in blood sample and
3.3 x 10? copies/ml in urine sample). Tacrolimus was discontinued
in patient 1 and cyclosporine in patient 2 due to slippage of donor
chimerism.

Table 2 below shows the aKIR and iKIR matches/mismatches
among patients and donors in both GvH and HvG direction. For both
patients, a strong aKIR match was not observed; however, there was a
higher iKIR mismatch in the GvH direction, which leads to enhanced
NK cell activity and hence better GvL, whereas in the HvG direction
there was higher aKIR and weaker iKIR match (C1) between the
patient and donor. This led to enhanced NK cell activity in the HvG
direction, which resulted in the graft being recognized as foreign and
being rejected.

Discussion

The importance of KIR alloreactivity has previously been reported
in studies involving T cell deplete haploidentical transplants [10,12,13].
However, there are few reports highlighting the importance of KIR
alloreactivity in T cell replete haploidentical transplants and more so
transplants involving post-transplant cyclophosphamide for GVHD
prophylaxis [12,14]. Recently, Bastos et al. [14] reported improved
overall survival and relapse free survival in patient-donor pairs having
iKIR and ligand mismatches in haploidentical T cell replete transplants.

Here we report two patients who engrafted with donor cells
post-transplant but the graft cells were gradually removed from the
host over a period of 3 months. Patient 1 did not relapse; however,
there was autologous recovery of host cells. In patient 2, there was
slippage of chimerism on Day 60 and relapse of the disease. Viral and

HLA DRB1 HLA DQB1 HLA
DPB1*

14:04:01 05:03:01 G 02:01:02 G
- - 13:01:01 G
07:01:01 G 02:01:01 G 13:01:01 G
14:04:01 05:03:01 G 26:01:02
11:01:.01 G 03:01:01 G 01:01:01 G
11:01:01 G 03:01:01 G 01:01:01 G
12:02:01 G - 02:01:02 G

Table 1: High resolution HLA typing of patient and donors.

Patient 1 and 2 GVH Direction

Activating KIR receptor in donor

HLA Ligand in the patient

Match/Mismatch

Abbreviations: GvH: Graft vs Host; HvG: Host vs Graft; HLA: Human Leukocyte Antigen; KIR: Killer Immunoglobulin like receptors.

2DS1 C2 Match Weaker AKIR match
2DS2 No ligand present Mismatch

Inhibitory KIR receptor in donor HLA Ligand in the patient Match/Mismatch

2DL1 Cc2 Match Higher IKIR mismatch
2DL2 No ligand present Mismatch

2DL3 No ligand present Mismatch

3DL1 No ligand present Mismatch

HVG Direction

Activating receptor in the patient
2DS1

2DS2

2DS3

Inhibitory receptor in the patient
2DL2

3DL1

HLA Ligand in the donor

Match/Mismatch

Cc2 Match Higher AKIR match
C1 Match

C1 Match

HLA Ligand in the donor Match/Mismatch

C1 Match Weaker IKIR match
T Match

Table 2: KIR receptor-HLA Ligand matches/mismatches observed in the patients and donors in both GvH and HvG direction.
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bacterial infections are a common complication of HSCT and may also
contribute to graft loss in the post engraftment stage. However, in both
the patients the viral and bacterial history was uneventful.

Both patients underwent haploidentical transplant wherein the
HLA disparity between the patient and donor results in selection of
either activating/inhibitory KIR mismatch in the HvG direction which
drives graft loss. In the GvH direction, there was 11/12 and 12/12
HLA match for the patients respectively. In the HvG direction, both
the patients had a HLA haplotype match (6/12 and 7/12), with their
respective donors, which could implicate the role of HLA in graft
rejection. However, since there was no primary rejection it could
implicate a role of non-HLA factor in the rejection of the graft.

Based on our KIR receptor-ligand hypothesis for a lower relapse,
there should be higher activating KIR receptor-HLA ligand match and
inhibitory KIR receptor-HLA ligand mismatch in the GvH direction.
In both the patients, we report an aKIR match and stronger iKIR
mismatch in GvH direction resulting in the removal of the residual
leukemic cells. Moreover, for maintenance of successful engraftment
with no graft rejection, we hypothesize that there should be an increased
aKIR mismatch and lower or no iKIR mismatch in the HvG direction.
In the present study, in the HvG direction, there was a weak inhibitory
KIR receptor ligand match (2DL2 and C1) and a stronger activating
KIR receptor ligand match (KIR2S2 and C1; KIR2DS1 and C2) for both
patients. In addition, there was a stronger inhibitor receptor ligand
mismatch (KIR2DL1 and KIR2DL3 and ligand C2), due to which
inhibition of host NK cell activity was lost, leading to the graft cells
being recognized as foreign and resulting in secondary graft rejection.

In a separate retrospective analysis from our group involving 41
haplomatched and mismatched transplants, wherein, the effect of HLA
mismatch in HvG direction along with KIR ligand receptor matches
was compared to transplant outcomes, it was observed that only based
on HLA disparity or on KIR receptor ligand match, haplomatched and
mismatched transplants had similar overall survival, (p=0.306 and
p=0.699 respectively), however, when HLA disparity was present along
with KIR mismatches it resulted in significantly better overall survival
in haplotransplants as compared to mismatched transplants (p=0.05)
(unpublished data).

The present study highlights that HLA mismatch led to inhibitory
KIR ligand receptor mismatches in the HvG, due to which there was
loss of inhibition of host NK cells leading to loss of graft. Hence, we
conclude that in homozygous patients with haploidentical donor, there
is a combined effect of the HLA match and KIR receptor ligand match
which decides graft survival.
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