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Abstract

Background:

Purpose of study:

Methods:

Results:

Conclusion:

patients.

.

In hematopoietic stem cell transplantation (HSCT), minor histocompatibility antigens (MiHA) can be used as tools
for immunotherapy especially if they are restricted to hematopoietic cells like PANEL1 MiHA.

We aimed at studying PANEL as MiHA model in human leucocyte antigen (HLA) matched related Egyptian HSCT
patients regarding its frequency and the effect of mismatching in PANE1 on HSCT outcomes.

Ninety-six patient/donor pairs were studied for the prevalence of disparities in PANE1 MiHA and its effect on graft
versus host disease (GVHD) and graft versus leukemia (GvL). A sequence- specific primer (SSP) approach was
used to determine the immunogenic (PANER) and non-immunogenic (PANES) alleles of PANE1 gene. Student t-
test, Mann-Whitney U test, ANOVA F-test, and Kruskal-Wallis H tests were used to determine the significance of
the difference for quantitative data. Relations of qualitative data were determined using Chi-square test. Survival
analysis was done using Kaplan-Meier method to determine overall survival (OS).

High prevalence PANER allele of PANE1 was observed in both patients and donors (192/192,100% of 96
patient/donor pairs). Mismatches in PANEL gene were observed in 9 patient /donor pairs. Nine cases showed
relapse post-transplantation and there was no association between PANE1 mismatch and relapse (p=0.8).

No association between mismatches in PANE1 gene and any transplant - related outcome was
observed. Which might decrease its use as a target for immunotherapy in Egyptian leukemia
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Introduction:

Hematopoietic stem cell transplantation (HSCT) is a
curative procedure for different malignant and non-
malignant conditions, with much of the efficiency of
HSCT in malignant diseases is restricted by the
immunologic reactions of donor cells towards the
malignant host cells making GvL a beneficial outcome
following HSCT [1].

The first suggestion of a graft versus leukemia
(GvL) outcome was in 1956 when Barnes et al. used a
mouse transplantation model, where rejected leukemia

cells seemed to be removed by the incoming bone
marrow when irradiation was postponed .This made the
conception that the donor marrow cells may allow
leukemia eradication [2].

Following human leucocyte antigen (HLA) matched
allogenic HSCT, certain polymorphic peptides
displayed on patient cells by shared HLA are
distinguished as “non-self” by donor T-cells. These
polymorphic  peptides known to be minor
histocompatibility antigens (MiHA) are encoded by the
male-specific Y-chromosome (H-Y antigens) or other
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chromosomes (autosomal MiHA) and are due to genetic
disparities between patient and donor [3]. MiHAs are
small peptides which are present in association with
class I or class Il major histocompatibility antigens
(MHC) molecules on the cell surface[4]. These peptides
are normally about 9-12 amino acids in length [5].
About a third of the characterized MiHAs arise from the
Y chromosome [6].

Up to date, over 60 MiHAs have been discovered
[7]. Genes on autosomal chromosomes encode 54 of
these MiHAs. The MHC/minor H peptide complexes
can serve as transplantation barriers in allogeneic-HLA-
matched HSCT and in solid organ transplantation [8].

Minor histocompatibility antigens (MiHAS) are
causal agents of graft rejection and GvHD in HLA-
identical sibling transplants. They may be effective in
GvL, if these antigens expression is on hematopoietic
cells [9].

The potential for MiHAs to be targets for a GvL
response after allogeneic stem-cell transplantation was
shown in mouse models. In these mice, the adoptive
transfer of CD8+ CTLs that were specific for a single
recipient MiHA eradicated leukemia [10]. CD8+MiHA-
specific T-cell clones lyse primary acute myeloid
leukemia (AML) and acute lymphoblastic leukemia
(ALL) cells, inhibit the growth of leukemic colonies,
and prevent the engraftment of AML [11].

All  MiHAs may be possibly utilized in
immunotherapy owing to their restricted distribution.
The other type of MiHAs’ tissue distribution is their
presence on neoplastic epithelial cells, for example,
HA-1 and Acetyl -CoA carboxylase (ACC-1/ACC-2),
though in normal circumstances they show restriction to
hematopoietic cells only and are not existing on
epithelial cells [12].

Centromere protein M (CENPM), also known
as proliferation associated nuclear elementl (PANE1) is
a protein that is encoded by the CENPM gene in
humans [13]. The PANEL gene is encoded by a new
HLA-A"0301-restricted MiHA that is expressed mainly
in B-lymphoid cells. Sequencing of PANEL1 alleles in
MiHA-positive and MiHA-negative cells shows that
differential T-cell recognition of donor and recipient
cells owes to a nonsynonymous single nucleotide
polymorphism (SNP) within the variant exon that
substitutes an arginine codon with a translation
termination codon [14].

The PANEL1 transcript through which the MiHA is
encoded shows expression at high levels in resting
CD19+ B cells and B-chronic lymphocytic leukemia
(CLL) cells, and at lower levels in activated B cells.
Therefore indicating that PANE1 may be a promising
therapeutic target in B-CLL [14]. New studies are now
done based on using certain proteins such as PANE 1
gene to be used to identify GVL without GVHD after
allogeneic donor lymphocyte infusion (DLI) through a
proteomic signature[15].

There are very few studies concerning MiHA role in
modifying HSCT outcome [16], and no study was done
on Egyptian transplant patients. Given that the
distribution of MiIHA is various among different
populations and ethnic groups, studying PANE1 as
MiHA model in HLA matched related Egyptian HSCT
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patients would pave the way to the effect of MiHA on
transplant outcomes and their distribution in Egyptian
patients/donors pairs.

The aim of this study was to identify the prevalence
of PANEZ1 alleles among Egyptian patient/donors pairs
undergoing HSCT especially for hematologic
malignancies to uncover the effect of mismatching in
minor histocompatibility antigens that are expressed on
hematopoietic cells on transplantation outcome mainly
the useful graft versus leukemia and thus the use of
PANE1l as a target for immunotherapy among
mismatched pairs.

Patients and Methods:

This prospective study was conducted on 96 patients
who received peripheral blood stem cell transplantation
at Nasser Institute, Ministry of Health (MOH), Cairo,
Egypt in the period between 2010 to 2019. The study
was performed according to Helsinki declaration for
studies performed on human. It was approved by the
Institutional Review Board of Nasser Institute and a
written informed consent was obtained from patients
and their donors.

Patients included 64 males and 32 females with an
age range of (3-60), median 31 years. Patient’s
characteristics are summarized in table (1).

All patients received stem cells from HLA matched
siblings, and in all patients; the stem cell source was
granulocyte-colony  stimulating  factor  (G-CSF)-
mobilized peripheral blood. Gender mismatch as a
female donor to a male patient in 28 (29%) of cases.
HLA typing of patients and donors were extracted from
patient’s files.

Time to neutrophil engraftment: defined as the 1st
of 3 consecutive days with neutrophil count > 0.5 x
109/L. Similarly, time to platelet engraftment: defined
as the first of 3 consecutive days with a count of > 20 x
109/L without any platelet transfusion. All HSCT
showed successful engraftment.

Overall survival (OS) was defined as the time from
stem cell infusion to death from any cause.

Genotyping of PANE1:

Genomic deoxyribonucleic acid (DNA) was isolated
from peripheral blood leukocytes using the spin column
extraction method (Qiagen, Germany). MiHA (PANE1)
genotyping for both immunogenic (PANER) and non-
immunogenic (PANES) alleles for both 96 patients and
their HLA matched sibling donors, was determined by
using polymerase chain reaction — sequence - specific
primer (PCR-SSP) [17] shortly 1 unit Amplitag® DNA
polymerase, 1x Type | buffer and 2ul of 10 nM
deoxyribonucleotide triphosphate (dNTPS) (Thermo
Fisher Scientific, MA USA) and 1X My Taq red master
mix (Bioline Reagents Limited, London, UK). Alleles
assignments were determined according to visualized
bands after electrophoresis migration on 2% agarose

gel.

Statistical Analysis:

Data were analyzed by SPSS version 21 (IBM Inc.,
USA). Quantitative data were summarized as mean *
standard deviations (SD) if it is normally distributed


https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Gene

Hammad et al. SECI Oncology 2020 (2)

and as median (range) if it is not. Qualitative data were
described as frequencies and percentages.

Student t-test, Mann-Whitney U test, ANOVA F-
test, and Kruskal-Wallis H tests were used to determine
the significance of difference for quantitative data.
Relations of qualitative data were determined using
Chi-square test. Survival analysis was done using
Kaplan-Meier method to determine OS. Log- rank
(Mantel-Cox) test was used to examine the difference
between survivals of different groups. P- value < 0.05
was considered significant.

Results:

Out of the 96 patient/donor pairs, only 9 showed
mismatches in Panel gene where all patients and donors
had at least one PANE1R allele with 3 pairs showing
one PANEL1 stop codon allele in the donor only while
homozygous PANER allele in patient and 6 pairs
showing one PANE1stop codon allele in patient while
donor is homozygous for PANER, only four cases out of
the nine showed gender mismatch (A female donor to a
male recipient). The rest 87 pairs were homozygous for
PANE1R with 24 cases showing gender mismatch (A
female donor to a male recipient). Thus, the
immunogenic PANE1 phenotype was 100% present
among Egyptian patient/donor pairs with no subjects
homozygous for the non-immunogenic PANE1
phenotype.

Effect of PANEL1 mismatch on GvHD:

Only 13 patients showed acute GvHD (grade I1-1V)
with 10 patients showing gastrointestinal tract (GIT)
GVvHD, six with liver GvHD, five with skin GvHD.
While five patients had both liver and GIT GvHD, three
patients showed skin and GIT GvHD and only one
patient showed skin and liver GvHD.

Acute GvHD grade 0-1 was found in 83 (86%) of
patients while acute GvHD grade II-IV was found in
only 13 (14%) of patients.

All nine PANE1 mismatched cases showed no signs
of acute GvHD however there was no association
between mismatch in PANEL towards GvHD direction
and acute GvHD (p=0.2).

Chronic GvHD was observed in 7 (8%) patients and
mismatched PANE1 cases were not associated with
occurrence of chronic GvHD (p=0.99).

Effect of PANEL mismatch on survival:

Median survival of patients was 60 months (53-68);
Median OS of mismatched PANE1 cases was 65 (44-
85) months while median OS of matched PANE1 was
58 (50-66) months. There was no association between
PANE1 mismatch on either overall survival of patients
(p=0.75) (Figure 1) or disease-free survival (DFS)
(p=0.9) (Figure 2).

Effect of PANEL mismatch on relapse:

Nine cases showed relapse post-transplantation and
there was no association between PANE1 mismatch and
relapse (p=0.8).
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Table (1): Characteristics of (96) patients undergoing
HSCT from HLA-matched sibling donor and the
respective PANE1 genotypes of patients and donors

Total number= 96
Gender (n %)

Female 32 (33.3%)
Male 64 (66.7%)
Age (years)

Mean + SD 31.1+12.9
Diagnosis

AML 59 (62%)
ALL 16 (16.7%)
CML 14 (14.3%)
MDS 4 (4%)
MPAL 3 (3%)
Conditioning regimen:

BU/ICY 45 (47%)
FLU/Mel 6 (6%)
FLU/BU 9 (9%)
FLU/BU/post Cy 18 (19%)
TBI/CY 18 (19%)
Acute GVHD:

Grade 0-1 83 (86%)
Grade 2-4 13 (14%)
Chronic GVHD:

No 89 (92%)
Yes 7 (8%)
PANEL status* (Patient/Donor):

RR/RR 87 (90%)
RS/RR 6 (6.6%)
RR/RS 3 (3.4%)

AML: Acute myeloid leukemia; ALL: Acute
lymphoblastic leukemia; CML: Chronic myeloid
leukemia; MDS: Myelodysplastic syndromes; MPAL.:
Mixed phenotype acute leukemia; BU: Busulfan; CY:
Cyclophosphamide;  FLU:  Fludarabine;  Mel:
Melphalan; TBI: Total body irradiation; GVHD:
Graft-versus-host  disease; PANEZL: Proliferation
associated nuclear element 1

*PANER is represented as R and PANE1 stop codon is
represented as S
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Figure (1): Effect of mismatches in PANE1 gene on OS
of 96 patients undergoing matched related stem cell
transplantation
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Figure (2): Effect of mismatches in PANEL1 gene on
disease - free survival of 96 patients undergoing
matched related stem cell transplantation

Discussion:

Minor histocompatibility antigens (MiHAS) belong
to genetic factors which may vary between the donor
and the recipient despite matching in HLA loci and thus
they may influence allo-HSCT results [17].

Even though the human MHC system has been
described in details over the years, the repertoire and
characteristics of MiHAs have continued to be largely
undiscovered [18]. Several human MiHAs, as PANEL,
show expression by hematopoietic cells only and are
being considered as possible targets for a GvL outcome.
The ultimate goal of known hematopoiesis-specific
MiHA immunotherapy is to enhance the GvL effect
while minimizing unfavorable GvHD. So, MiHA
encoded by hematopoiesis-specific genes such as
PANE1 is a good candidate for immunotherapy for
some of hematological malignancies, depending on
their preferential expression in hematopoietic cells [19].

Very few studies tried to emphasis the role of
PANE1 in stem cell transplantation outcome either from
HLA matched related and unrelated donors [12,20,21].

The probability of the interaction of MiHA with
respective HLA restricted molecule differs depending
on the population frequency of both MiHA alleles and
the HLA molecule restricting the immunogenic peptide
[21]. Thus, population-based assessment of MiHA is
advised to explore the allele frequency of MiHA to
assess their further use in immunotherapy on a
population-based evidence.

The prevalence of the immunogenic PANER allele
was 100% present among Egyptian patient/donor pairs
in our study. Other studies observed similar high
prevalence by a range of 90-100% of PANER allele with
the exception of only the Mulatto population which
showed 77.3% prevalence [22], however a Korean
group also reported lower frequency of PANER allele of
51.2% in a cohort of 329 healthy unrelated subjects[23].

In our current study the PANEL1 gene has been
explored in 96 HLA matched related patients/donors
pairs where the most frequent genotype was the
homozygous (RR) about 87% followed by the
heterozygous (RS) about 9% while the non-
immunogenic homozygous (SS) was not found at all in
our study which led to a relatively low probability of
their immunogenic disparity in donor/recipient pairs.
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The same results were found in studies made by
Markiewicz et al, as the distribution of PANEL gene
was not uniform and the most frequent were the RR and
RS genotype [19]. Then again Dzierzak-Mietla et al
found there was a uniform distribution of homozygous
RR and heterozygous RS genotypes but still a low
frequency of the non-immunogenic homozygous
genotype SS [12]. A study made on a Korean group
revealed relatively higher frequency of the non-
immunogenic homozygous genotype (SS) 25%, yet it
was performed on healthy unrelated subjects [23].

PANE1 gene mismatch did not influence the
presence, duration or clinical stage of acute GvHD or
chronic GvHD. The same results were found in
different studies [12,20,21].

The role of mismatch in PANE1 gene on patients’
survival in our study is very restricted. The same results
were observed in different studies [[12,20,21]].

There was no association between PANEL
mismatch and relapse in our study. The same results
were found in different studies [12,20,21].

In our cohort, PANE1 had little effect on transplant
outcome, together with high prevalence of PANER
allele in both patients and donors, which may decrease
its use as a target for immunotherapy in Egyptian
leukemia patients.

Conclusion:

No association between mismatches in PANE1 gene
and any transplant - related outcome was observed.
Which might decrease its use as a target for
immunotherapy in Egyptian leukemia patients.

Minor  histocompatibility  antigen (MiHA)
phenotype frequencies is variable among populations
and this exerts extra difficulty on the possible effect of
MiHA use in immunotherapy and every population
should address the phenotype of various hematopoietic
expressed MiHA to identify future candidate genes with
high immunogenic disparity rate between patient/donors
pairs.

Further studies should be done to elaborate more on
the use of other restricted MiHA especially that their
distribution among populations is variable especially
those used for future use in immunotherapy.

List of abbreviations:

ACC Acetyl —CoA carboxylase

ALL Acute lymphoblastic leukemia
AML Acute myeloid leukemia

BU Busulfan

CENPM Centromere protein M

CLL Chronic lymphocytic leukemia
CML Chronic myeloid leukemia

CYy Cyclophosphamide

DFS Disease free survival

DNA Deoxyribonucleic acid

dNTPS deoxyribonucleotide triphosphate
FLU Fludarabine

G-CSF Granulocyte-colony stimulating factor
GIT Gastrointestinal tract
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GvHD Graft versus host disease

GvL Graft versus leukemia

HLA Human leucocyte antigen

HSCT Hematopoietic stem cell transplantation
MDS Myelodysplastic syndromes

Mel Melphalan

MHC Major histocompatibility antigens
MiHA Minor histocompatibility antigens
MOH Ministry of Health

MPAL Mixed phenotype acute leukemia

(O8] Overall survival

PANE 1 Proliferation associated nuclear element 1
PCR Polymerase chain reaction

SNP Single nucleotide polymorphism

SSP Sequence- specific primer

TBI Total body irradiation
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