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ABSTRACT

Background and Objective: Leukaemia is a hematological malignancy of which etiology is still unclear.
Like most cancers, many are associated with a genetic defect such as chromosomal translocation. Recent
epidemiology studies revealed an inverse relationship between acute lymphoblastic leukemia and allergic
rhinitis (AR), a chronic inflammatory condition. This study investigates the impact of HLA-DRB1 alleles on
the survival of induced leukemic cells under allergic conditions. Materials and Methods: In this study, a
Dermatophagoides pteronyssinus (Der p 1)-sensitized AR subject typed as HLA-DRB1*13 (susceptible allele
in AR) and a non-allergic subject with HLA-DRB1*10 (protective allele in AR) of Malay ethnic group were
recruited. Peripheral Blood Mononuclear Cells (PBMC) were transfected with the oncogenic MLL/MLLT1
fusion gene to induce leukemia cells. The induced leukaemia-like B cells were co-cultured for five days
with Der p1 stimulated PBMC from the same individual. Survival of the B leukemic-like cells was analyzed
by flow cytometry. Three experiments were performed, non-parametric statistical analyses: Mann-Whitney
for two-group comparisons was used with significance level, p<0.05 Results: Induced leukemic-like cells
were CD34lowCD38"CD45"MLL*CD19". This population was significantly reduced in HLA-DRB1*13 samples
compared to HLA-DRB1*10 (1.07+0.12% vs 3.53+0.61%, p = 0.05). Significantly decreased regulatory T
cells (Tregs) in HLA-DRB1*13 compared to HLA-DRB1*10 (4.93+0.12% vs 6.20+0.17%, p = 0.05) implied
increased inflammatory condition. Conclusion: Thus, HLA-DRB1 alleles may be factors that influence the
inverse relationship between allergic rhinitis and acute lymphoblastic leukemia. Further studies with a
larger sample size are required to confirm the results.
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INTRODUCTION

Leukaemia is a hematological malignancy or blood cancer detected in blood and bone marrow associated
with a rise in immature and abnormal white blood cells. An estimated approximately 2.5% of new cancer
leukemia are diagnosed every year'. Leukaemia may be categorized as acute or chronic and of lymphoid
or myeloid lineage. Acute lymphoblastic leukemia (ALL) is most common among children making up 75%
of patients. Peak incidence occurs between ages one to four years®. ALL is characterized by immature B
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or T cell blasts in the bone marrow, lymph nodes, thymus or spleen. The majority are of the B-cell lineage.
Chronic leukemias, such as chronic lymphocytic leukemia (CLL), affect mature cells and exhibit varying
incidence rates based on age, gender, and race, with about 10% linked to a family history®. The CLL
typically occurs in individuals aged 60-80, with 10% under 55. Peripheral blood smear reveals small mature
lymphocytes with numerous smudge cells. Lymphoma is a primary malignant neoplasm of lymphoid
tissues divided as Hodgkin's lymphoma and Non-Hodgkin's lymphoma (NHLs)".

In 2020, a total of 83,087 new cases of Hodgkin lymphoma were reported and there was an increasing
trend, especially among females, younger populations, and Asian countries®. While non-Hodgkin's
lymphoma has an incidence of nearly 3% of cancers diagnosed worldwide®. The NHLs are classified into
B and T cells and diagnosed by immunophenotyping markers such as CD45, CD20, CD3, CD24. Classical
Hodgkin's lymphoma is classified as nodular sclerosis, mixed cellularity, lymphocyte rich, and lymphocyte
depleted. Markers such as CD21, CD23, CD3, CD4, CD57, BCL6, EMA are used to diagnose the four
variants’.

Knowledge of etiology of leukemia is limited. Predisposing factors include inherited genetic susceptibility
and environmental risk®. Other than environment and cancer-causing viruses, aberrant genetics has the
potential to influence leukemia development®. Behavioral factors and lifestyle such as smoking, obesity,
and physical inactivity may increase an individual's risk of developing cancer.

Evidence is beginning to show that an inverse association exists between childhood leukemia with allergic
rhinitis (AR)°. In the USA, examining 1842 ALL cases and 1986 matched controls, suggests that allergic
disorders may be associated with reduced risk of childhood ALL™. The United Kingdom Childhood Cancer
Study (UKCCS) reported that, an approximately 20% reduction in risk for ALLand common ALL (c-ALL) was
observed".

Allergic rhinitis (AR) is a mucosal inflammation of the nasal area in patients due to inhalation and immune
reaction to allergens. A common airborne allergen is house dust mite (Dermatophagoides sp.). Clinical
symptoms are sneezing, rhinorrhoea, nasal obstruction, and pruritus'. Early response in AR, a type 1
hypersensitivity, is mediated by allergen-specific immunoglobulin E (IgE) activated via T cells specific to
allergens presented on HLA (human leukocyte antigen). Activation of T cells polarises to T helper 2 (Th2)
subtype and production of cytokines including IL-4, IL-5, IL-6, and IL-13. These cytokines recruit other
arms of the immune response such as eosinophils, basophils, and neutrophils, and result in the
deregulation of the epithelial cell barrier integrity which creates an allergic inflammation loop that
maintains inflammation upon continued exposure to inflammatory antigens™. This inflammatory condition
is suspected to exert a bystander effect that prevents the survival of pre-leukemia cells and the reduction
of ALL among AR children.

The inherited highly polymorphic HLA genes predispose to various inflammatory diseases. In certain
diseases the association is so strong that the HLA gene is used as a diagnostic marker e.g., ankylosing
spondylitis (HLA-B27), celiac disease (HLA-DQ2 and DQ8), and narcolepsy (HLA-DQB*06:02). The main
source of polymorphism is contributed by the six major genes, HLA class-I (A, B, and C) and HLA Class-II
(DP, DQ, DR). To date, the IPD-IMGT/HLA Database has reported more than 3,700 alleles for HLA-DRB1
alone.

In ALL, the HLA-DRB1*04 allele appears to be a female-specific susceptibility factor for the
acquisition of childhood ALL, while the HLA-DRB1*11 allele may have prognostic significance in childhood
ALL"™. HLA-DRB1*03, *16 were identified as risk alleles while *07 and *12 were reported to be protective
among Malays™. Allergic rhinitis also demonstrated association with HLA particularly HLA-DQB1*06:01:01
and HLA-DRB1*08:03:02 were considered as risk alleles for house dust mite (HDM)-sensitized AR, while
HLA-DQB1*05 was protective in Chinese Han.
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The association between ALL and AR, however, is unconfirmed and remains controversial. Given
that HLA genes confer susceptibility and protection effects on diseases, there is a possibility that HLA may
be a determining factor in the development of the disease. This study aimed to determine in vitro survival
of induced leukemic cells in the allergic environment of patients selected for specific HLA alleles.

MATERIALS AND METHODS
Study area: Participants were recruited in the Otorhinolaryngology Clinic, Hospital Serdang, Malaysia. This
study was carried out from January, 2019 to March, 2022.

Samples: It was hypothesized, the inverse association of acute lymphoblastic leukemia (ALL) and allergic
rhinitis (AR) patients may be influenced by susceptible/protective HLA-DRB1 alleles. A non-allergic control
with HLA-DRB1*10 (haplotype DRB1*10, DRB1*15) and an allergic rhinitis patient with HLA-DRB1*13
(haplotype DRB1*13, DRB1*15) were recruited. Screening was done using protocol from Bunce et al."®.
Whole blood was collected and Peripheral Blood Mononuclear Cells (PBMC) were isolated by the density
gradient centrifugation method using Ficoll-Paque PLUS (GE Health Care, Sweden).

Induced leukemia cells: Leukemia-like cells were generated by transfection of PBMC with the acute
lymphoblastic leukemia-associated fusion gene, MLL/MLLT1 using lipofectamine assay. At least 200,000
PBMC cells were seeded in 1 mL of growth medium RPMI 1640 (Gibco) with 10% fetal bovine serum (FBS)
(Gibco) and antibiotics consisting 2 pg/mL Gentamicin (Gibco), 1.25 pg/mL Amphotericin B (Gibco) and
100 U/mL penicillin-streptomycin (Gibco) in a 24 well plate and incubated overnight in 5% CO,, at 37°C.
The transfection reagent was prepared immediately before transfection. Two pg of plasmid DNA
MLL/MLLT1 was diluted in 100 pL of serum-free Roswell Park Memorial Institute (RPMI). The transfection
reagent (Lipofectamine 2000 and LTX reagent (Thermofisher, USA) was briefly vortexed and 5 pL of each
reagent was added to the diluted DNA. This was immediately mixed by pipetting or vortexing the DNA
mixture and then incubated for 5 min at room temperature. Following that, 100 uL of the transfection
reagent/DNA mixture was added dropwise to each well-containing cells in the RPMI medium. The plate
was gently rocked to achieve an even distribution of the complexes immediately after adding the
transfection reagent and the plate was incubated at 37°Cin 5% CO.. For short-term transient transfection,
cells were grown in a standard medium (RPMI 1640) for 10 days.

Co-culture experiment: The ‘allergic environment’ consisted of the in vitro culture of PBMC from the
selected individuals with specific allergens. PBMC (1 million cells) was stimulated with 5 pg/mL
LoToxTMNatural Der p1 (Invitrogen) extract (INDOOR Biotechnologies, UK) antigen for four days in 1 mL
RPMI 1640, 10% fetal bovine serum (FBS) (Gibco, US) and antibiotics consisting of 2 ug/mL Gentamicin
(Gibco, US), 1.25 pg/mL Amphotericin B (Gibco, US) and 100 U/mL penicillin-streptomycin (Gibco, US).
Cultures were kept at 37°C with 5% CO,. A non-stimulated control was included.

At the end of 4 days, 300 pL of induced leukemia cells were added to 300 pL of Der p1 stimulated PBMC
and co-cultured for another 5 days at 5% CO, at 37°C. Cells were then harvested.

Flow cytometry analysis: Induced cells were identified by intracellular expression of the KMT2A/ENL
fusion protein (from transfected MLL/MLLT1 fusion gene) using the polyclonal antibody MLL/KMT2A
(Novus, USA). Surface marker expression of B-lineage leukemia-associated markers was determined with
monoclonal antibodies CD19 PE, CD34 PE Cy7, CD45 PerCy 5.5, and CD38 APC-H7 (BD Biosciences, USA).
Surface and intracellular staining methods were done according to the standard protocols. For intracellular
staining, cells were permeabilized with 1T mL of 1xPerm wash (BD, Biosciences, USA) and fixed with one
mL of Fix buffer/Paraformaldehyde (PFA) (BD, Biosciences, USA). Cells were then acquired on a flow
cytometer (FACSCanto) and analyzed with the FACSDiva Software (BD Biosciences, US). A total
of 5,000 events were collected in the lymphocyte region of co-cultured cells. Stimulated PBMC as the
‘allergic environment’ was monitored for levels of regulatory T cells (Tregs) as a marker of the
inflammatory condition. The Tregs marker cocktail was CD4/CD25/CD127 (BD Biosciences, USA).
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Statistical analysis: Data, expressed as MeanxSD, underwent non-parametric statistical analyses: Mann-
Whitney for two-group comparisons. One-sided analysis was performed using SPSS software and a
significance level of p<0.005.

RESULTS

Flow cytometry gating strategy for regulatory T (Tregs) and T effector cells are shown in Fig. 1. *Figure 1
illustrates the gating strategy and results of regulatory and effector T cell analysis. In Fig 1a, lymphocyte-
like cells (P1) were identified by gating on low side scatter, followed by the selection of singlet cells (P2).
Helper T cells/CD4-positive cells were gated on P3, and regulatory T cells (Tregs) were identified as
CD47/CD25*/CD127- (P6), while T effector cells were identified as CD4*/CD25*/CD127*. Figure 1(b-c) show
thatregulatory T cells (CD4*CD25"CD127~) were significantly higher in HLA-DRB110 individuals compared
to HLA-DRB113, both before (6.20+0.17% vs 4.93+0.12%) and after (7.30+2.07 vs 4.97+0.06) co-culture,
respectively. Conversely, Fig. 1(d-e) reveal no significant differences in T effector cells (CD4*CD25"CD127")
between HLA-DRB110 and HLA-DRB113 individuals, either before (61.47+2.20% vs 70.20+4.51%) or after
(64.40+4.27% vs 67.40+5.97%) co-culture.

Figure 2 a-b show dot plot flow cytometric analysis of the transfected population
(CD34lowCD38"MLL*CD45") and abnormal B cell populations (CD34lowCD38"MLL*CD45°CD19%) for
HLA-DRB110 and HLA-DRB113, respectively, with gating on low side scatter to identify lymphocyte-
like cells (P1) followed by selection for singlet cells (P2). In both conditions, statistical analyses (Fig. 2 c-d)
revealed no significant differences in the percentages of CD34lowCD38*MLL*CD45" cells between
HLA-DRB110 and HLA-DRB113, both without and with Der p1 stimulant. However, Fig. 2e shows that the
abnormal B cell population (CD34lowCD38*MLL*CD45"CD19") was significantly reduced in the HLA-
DRB113 individual under unstimulated conditions compared to the HLA-DRB110 individual (3.50+1.11
vs 1.57+0.84). Similarly, Fig. 2f illustrates a significant reduction in the abnormal B cell population in the
HLA-DRB1173 individual under Der p1 stimulant conditions compared to HLA-DRB110 (3.53+0.61% vs
1.07+0.12%).

Transfection of PBMC from the HLA-DRB1*10 (non-allergic) and HLA-DRB1*13 (allergic rhinitis) individuals
with the MLL/MLLTT fusion gene resulted in CD19" B cells with abnormal growth. The transfected cells
were co-cultured with prior Der p1 stimulated PBMC from the same individual. Non-stimulated PBMC was
used as a control. Figure 2a-b show the flow cytometric analysis of the transfected population
(CD34lowCD38"MLL"CD45") and abnormal B cell populations (CD34lowCD38*MLL*CD45°CD19") before
and after Der p1 stimulation.

DISCUSSION

In this study, Peripheral Blood Mononuclear Cells (PBMC) samples were used as a source of B cells. The
PBMC isolated from peripheral blood samples consists of B, T, monocytes as well as Tregs. The PBMC is
important as a tool in both research and diagnosis and is used in short-term and long-term cultures'®,
Between myeloid cells, T cells, and B cells, B cells are more difficult to transfect”. Isolated B cells require
special culture media with growth hormones likely to increase the cost of materials. Prolonged
culture also exposes B cells to contamination and cell death. On the other hand, the short-term culture
of PBMC without stimulants is commonly used. The T cells and monocytes already in the cultures create
amicroenvironment suitable forimmune cell growth. Multiple cytokines (interleukins, IL-7, IL-4, IL-6, IL-10,
and interferons, IFN-a, IFN-pB, IFN-y) produced and memory T cells upon activation play important roles
in the development, survival, differentiation, and/or proliferation of B cells®®. Thus, it was hypothesized
T cells and monocytes may provide growth factors to maintain B cells in vitro.

House-dust mite (HDM) is an important indoor source of allergic reactions including allergic rhinitis (AR)*".
In this study, Der p1 allergen was used to stimulate PBMC. The Der p1 is a cysteine proteinase derived
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Fig. 1(a-e): Gating on low side scatter to identify (a) Lymphocyte-like cells (P1), (b) Regulatory T cells
(CD47CD257CD1277) before co-culture, (c) Regulatory T cells (CD4*CD25*CD1277) after co-
culture, (d) T effector cells (CD4"CD25"CD127*) before co-culture and (e) T effector cells
(CD4*CD25*CD127") after co-culture

Tregs: Regulatory T cells, *Significant changes, ns: No significant changes, Mann-Whitney test was performed and
significance achieved when p<0.05
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Fig. 2(a-f): Continue
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Fig. 2(a-f): Gating on low side scatter to identify lymphocyte-like cells (P1) for (a) HLA-DRB1*10, (b) HLA-
DRB1*13, (c) Statistical analysis of CD34lowCD38"MLL*CD45" cells in the conditions
without stimulants between HLA-DRB1*10 and HLA-DRB1*13, (d) Statistical analysis of
CD34lowCD38"MLL"CD45" cells in the conditions with Der p1 stimulant between HLA-DRB1*10
and HLA-DRB1*13, (e) Statistical analysis showed the abnormal B cell population
(CD34lowCD38"MLL*CD45°CD19*) in the HLA-DRB1*13 individual in conditions without
stimulants compared to HLA-DRB1*10 and (f) Statistical analysis showed the abnormal B cell
population (CD34lowCD38"MLL*CD45"CD19") in the HLA-DRB1*13 individual in conditions
with Der p1 stimulant compared to HLA-DRB1*10

Tregs: Regulatory T cells, *Significant changes, ns: No significant changes, Mann-Whitney test was performed and
significance achieved when p<0.05

from HDM, Dermatophagoides ptenronyssinus. Specific allergen stimulation may reactivate T helper 2 (Th2)
responses in PBMC to demonstrate the imbalance of type1 helper to type 2 helper cells as observed in
research®.

Tregs a subpopulation of T cells with immune suppressor function form 5-10% of CD4 positive mature
T cells. Tregs function as suppressors and are important to restrain and shut down inflammatory and fatal
autoimmune responses throughout the lifespan of an organism?. In cancers, including hematological
malignancies, it may exert major immunosuppressive activity which plays a critical role in tumor cell
growth, proliferation, and survival®. In allergic rhinitis, an inflammatory condition, there is evidence of a
reduction in the Tregs population®.

There is evidence that Tregs numbers are decreased in AR***®, Suppressor cytokine, IL-10 was lower in
nasal samples from AR compared to the healthy control group®. More importantly, an immunotherapy
trial to compare immunological responses to specific subcutaneous immunotherapy (SCIT) and sublingual
immunotherapy (SLIT) towards CD4*CD25"Foxp3* show upregulation of these cells indicated good clinical
improvement®. Immunopathology of allergy is reportedly an imbalance between type 2 immune response
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and Tregs®'. Thus, it was not surprising that the (CD4*CD125"CD127") Tregs in the allergy rhinitis sample
(HLA-DRB1*13) were found to be significantly lower than the non-allergic sample (HLA-DRB1*10) further
supporting earlier observations. There was no difference in the T effector (CD4*CD125"CD127")
population, suggesting this may not be the critical population in effector function in allergic rhinitis which
may lie with other effector cells such as the IgE-producing B cells.

The diagnosis of leukemia makes use of monoclonal antibody markers to identify cell lineage and
determine stages of differentiation. Normal cells with bright CD34, nuclear TdT, low CD10, and CD45
suggest an early progenitor stage. Subsequently, B-cells are CD34~ and TdT-negative, maintain low CD10,
and increase CD20 and CD45 expression. In the third stage, B cells express high CD20 with dim CD10. On
the other hand, CD58, CD38, CD24, CD19, and CD22 are expressed in all three stages. An increase in CD10
and CD58 and a decrease in CD38 and CD45 are observed in pediatric B-ALL patients®. The CD34 and
CD38 expression can be used as biomarkers for the prognosis of B-cell ALL. Expression of CD34 is low and
high expression of CD38, is associated with good/favorable prognosis®’. Characterization in peripheral
blood, bone marrow, and secondary lymphoid tissues is marked by the accumulation of small mature B
cells with CD5" in CLL*3*. Other leukemia markers to detect CLL are a high expression of CD5, CD19, and
CD23. Prognostic markers for CLL are CD38, CD25, CD56, and CD117. Several of the markers that were
used here identified the growth of an abnormal population of B cells that were MLL" but maintained an
original level of expressions for CD34, CD38, CD45, and CD19 of mature cells.

The fusion gene t (11;19) (g23;p13.3) or MLL/MLLT1 (MLL/ENL) has been used frequently to create
leukemia cells. Primary human hematopoietic stem and progenitor cells (HSPC) from bone marrow, cord
blood, or even induced pluripotent stem cells were sources of early cells used to replicate acute leukemia
cell models) this chromosomal abnormality tended to generate B-cell acute lymphoblastic leukaemia®.
Here, PBMC was attempted as the cell source. As observed, transfection with the leukemia MLL/MLLT1
fusion gene did not induce an acute leukemia phenotype but generated an abnormal B cell leukemia-like
population. Nevertheless, combining cloning with a leukemia-associated oncogene and samples with an
identified genetic background such as an HLA-DR allele was able to generate cell models that were more
specific as tools for further studies and understanding leukemia better.

Co-culture experiments replicate the leukemia cells in an allergic microenvironment. The co-cultures
compared the genetic microenvironment of HLA-DRB1*10, the allele associated with protection against
allergic rhinitis and risk for acute lymphoblastic leukemia allele, and HLA-DRB1*13 allele, susceptible to
allergic rhinitis and lower incidence of acute lymphoblastic leukemia compared to healthy individuals. A
significantly reduced percentage of MLL" B cells in the HLA-DRB1*13 co-cultures supported the hypothesis
that the inflammatory condition in the allergic samples did not support the survival of leukemic cells. This
finding is novel and has not been reported before. The significantly reduced Tregs in the HLA-DRB1*13
samples were another factor that indicated a higher inflammatory condition here. Increased levels of Tregs
are observed in various cancers including ALL*. Future studies should explore the underlying mechanisms
by which HLA-DRB1 alleles affect T cell regulation in allergic conditions and their impact on leukemia
survival. Expanding the sample size and incorporating longitudinal data would provide more robust
insights. Limitations of this study include its preliminary nature, small sample size, and the need for further
validation in diverse populations to ensure the generalizability of the findings.

CONCLUSION

Significantly reduced Tregs cells (CD4*CD25"CD1277) in the HLA-DRB1*13/allergic rhinitis PBMC cultures
compared to HLA-DRB1*10/non-allergic PBMC implied an increased inflammatory microenvironment. A
significantly reduced percentage of MLL*CD19" leukemic-like cells in the HLA-DRB1*13 cultures supported
the hypothesis that this increased inflammation condition prevented the survival of the leukemic cells.
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Thus, HLA-DRB1 alleles may be factors that influence the inverse relationship between allergic rhinitis and
acute lymphoblastic leukemia. Further studies should explore the molecular mechanisms underlying
HLA-DRB1's role in leukemic cell survival under various immune-modulatory conditions to develop
targeted therapeutic strategies.

SIGNIFICANCE STATEMENT

This study suggests that HLA-DRB1*13/allergic rhinitis PBMC cultures exhibit reduced Treg cells and an
increased inflammatory environment, potentially inhibiting leukemic cell survival. The findings propose
that HLA-DRB1 alleles may influence the inverse relationship between allergic rhinitis and acute
lymphoblastic leukemia. Further research with larger sample sizes is needed to confirm these results.
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