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Introduction

Minimal Residual Disease (MRD) remains a considerable barrier to
the prognosis and outcome of Acute Lymphoblastic Leukaemia
(ALL) ", Notwithstanding the multitude of treatment protocols
accessible, leukaemia relapse continues to be a significant
contributor to treatment failure in patients with B-cell ALL >3,

Diverse methodologies, including Multiparametric Flow
Cytometry (MFC) and molecular techniques such as Real-Time
quantitative Polymerase Chain Reaction (RT-qPCR) and Next-
Generation Sequencing (NGS), are employed to assess Minimal
Residual Disease (MRD) I,

MEFC is regarded as a great laboratory technique because to
its speed, simplicity, cost-efficiency, and extensive accessibility °!.
Nonetheless, MFC encounters a hurdle in detecting MRD in a small
percentage of patients due to either the expression of a restricted
number of Leukaemia Associated Immunophenotype (LAIP)
markers on blasts or the deletion of LAIP markers resulting from
drug-induced immunomodulation !,
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CD86 significantly contributes to anti-tumor immunity by
functioning as a costimulatory molecule. It results in the inhibition
of both cell-mediated and humoral immune responses, facilitating
immunological evasion by the developing tumor . Leukemic
patients exhibiting elevated levels of CD86 demonstrate worse
prognostic outcomes *I.

The current study seeks to emphasize the incorporation of
CD86 into immunophenotyping techniques alongside CD73,
CD123, CD81, CD38, and CD58 to enhance the sensitivity of
minimal residual disease diagnosis. This research may provide
significant insights to the field and assist in the formulation of more
effective prognostic and management techniques for paediatric B-
cell ALL.

Methods and Materials

This study comprised 40 newly diagnosed paediatric instances of B-
cell acute lymphoblastic leukaemia (ALL). The diagnosis of B-cell
acute lymphoblastic leukaemia (ALL) was established based on
morphology, cytochemistry, and immunophenotypic antigen
expression according to WHO 2017 criteria. Patients underwent
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therapy according to the ICiCLe protocol ! established by the
Department of Paediatrics at Kalawati Saran Children Hospital in
New Delhi. LAIP indicators were examined in Bone Marrow (BM)
or peripheral blood at the commencement of treatment (Day 0). A
bone marrow examination was conducted on Day 35 post-induction
to assess minimal residual disease (MRD). The institutional review
board has sanctioned the study, and informed consent has been
acquired from patients, their parents, or their guardians.

Multicolour Flow Cytometric Immunophenotyping

Procedure: A volume of 100 pl of bone marrow material was
aliquoted into a test tube. The pre-titrated volume of antibodies was
added and blended using vortexing. The tubes were incubated in
darkness at ambient temperature for 20 minutes. The tubes were
incubated for 20 minutes following the addition of 500 pl of
Optilyse. The tubes underwent centrifugation at 1500 rpm for 5
minutes, after which the supernatant was discarded. The particle was
fragmented and resuspended in 4000 pl of sheath fluid. After
vortexing, the tubes underwent centrifugation at 1500 rpm for 5
minutes. After the last wash, the pellet was resuspended in 500 ul of
sheath fluid. The sample was obtained using a pre-calibrated flow
cytometer (Beckman Coulter Cytomics FC 500). A minimum of
100,000 events per tube were gathered for diagnostic
immunophenotyping.

Analysis of Outcome: Sequential gating was employed for all the
tubes. Antibody combinations in which leukemic blasts occupied
vacant areas, separate from regions containing normal B cell
progenitors, were recognised as valuable Leukaemia Associated
Immunophenotypes (LAIP). A threshold exceeding 10% of gated
blasts was applied for all antigens. In all instances, autofluorescence
was eliminated using the unstained control tube from the acute
leukaemia panel. Samples exhibiting >0.01% of leukemic blasts
expressing at least two LAIP markers or one immaturity marker in
conjunction with a LAIP marker were classified as MRD positive.

Statistics

Data were coded and recorded in MS Excel spreadsheet programme.
Data analysis was performed using software SPSS v21. Descriptive
statistics was elaborated in the form of mean, median and standard
deviations for continuous variables, and frequencies and percentage
for categorical variables. Group comparisons were made using
independent sample t-test for continuously distributed data, and chi
squared test for categorical data. Spearman correlation coefficient
was calculated for LAIP markers. Level of statistical significance
was taken as p<0.05.

Table 1: The MRD antibody panel

Results

Expression of LAIP markers on Leukemic Blasts at Diagnosis (Day
0) and following post-induction chemotherapy (Day 35)

On Day 0, Blast exhibited overexpression of CD86, CD73,
and CD123 in 70%, 90%, and 60% of cases, respectively, alongside
the expression of dim CD38 and moderate to bright CD58 in 97.5%
of cases (Fig.1A).

At the Day 35 MRD assessment, 14 cases (35%) were
positive for MRD, exhibiting overexpression of CD86, CD73, and
CD123 in 85.7%, 85.7%, and 71.4%, respectively. In MRD positive
cases, the expression of Dim CD38 and moderate to bright CD58
was observed in 92.8% of cases. (Fig.1B) (Table 2).

The Spearman rank correlation coefficient indicated a
statistically significant association of CD86 with CD73 (1.00) and
Dim CD38, as well as a moderate to bright correlation with CD58
(1.00). No significant association was detected between CD86 and
CD123.

CD86

Stability of LAIP markers post-induction in MRD-positive cases
on Day 35

All LAIP indicators demonstrated robust post-induction stability in
MRD-positive subjects on Day 35 compared to the Day 0
immunophenotype. The peak stability on day 35 was noted, with loss
of expression occurring in only one MRD positive -case,
characterised by CD86 expression and dim CD38 alongside
moderate to bright CD58 levels. No gain of 86 was reported in any
MRD-positive individual (Table 3).

Comparison of CD86 with clinical haematological parameters
and NCI risk classifications

CD86 was not significantly associated with age, gender, clinical
symptoms and organomegaly on Day 0 and Day 35. (Table 4) CD86
had a significant association with lymphadenopathy on Day 0
(p=0.049). CD86 had no significant association with hematological
parameters hemoglobin, total leukocyte counts over 50,000/pl,
thrombocytopenia below 50,000/ul, and blast percentage exceeding
50% on Day 0 and Day 35. At diagnosis, 8 of 14 (57.14%) MRD-
positive cases were categorized as intermediate risk, while 6 of 14
(42.85%) were classed as high risk. MRD detection was
substantially higher (40%) in the CD86 Positive intermediate risk
category compared to the CD86 Negative intermediate risk group
(0%) (p=0.046). In the high-risk group, MRD detection was
observed to be higher in the CD86 positive cohort (80%) compared
to the CD86 negative cohort (40%) (p=0.197) (Table S).

TUBE NO. FITC PE ECD PC5s PC7

MRD Tube 1 CD38 CD58 CD34 CD10 CD19
MRD Tube 2 CD45 CD123 CD34 CD10 CD19
MRD Tube 3 CD20 CD14 CD13 CD10 CD19
MRD Tube 4 CD45 CD73 CD34 CD10 CD19
MRD Tube 5 CD45 CD86 CD34 CD10 CD19
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Figl: This figure displayed CD45 vs low SSC gated dot plots demonstrating LAIP markers on B cell ALL blast. A. At Day 0 CD19 and
CD10 co-expressing blast showed expression of CD73, CD86 and CD123. B. At Day 35 post-induction residual blast demonstrated
expression of CD73, CD86 and CD123

Table 2: Expression of LAIP markers on Leukemic Blasts at Diagnosis (Day 0) and on post-induction chemotherapy (Day 35)

DAY 0 (n=40) DAY 35 (MRD positive n=14)
CD86 28 12
CD73 36 12
CD123 24 10
Dim CD38 With Moderate to Bright CD58 | 39 13

Table 3: Post-Induction Stability of Markers in MRD Positive Cases at Day 35 (n=14)

Markers Day 0 Day 35 Gain of LAIP Loss of LAIP
CD86 13/14(92.8%) 12/13(92.3%) - 1/14(7.14%)
CD73 14/14(100%) 12/14(85.7%) - 2/14(14.2%)
CD123 11/14(78.5%) 10/11(90.9%) 1/14(7.14%) 2/11(18.2%)
Dim CD38 with Moderate | 14/14(100%) 13/14(92.8%) - 1/14(7.14%)
to Bright CD58

Table 4: Comparison of CD86 with clinical parameters at day 0 (n=40) and in MRD positive cases on Day 35 (n=14)

Parameters DO CD86+ | DO CD 86 - | Total | Pvalue D35 CD86 + D35 CD 86 - Total P value
Age>10 year 8(72.7%) 3(27.3%) 11 0.817 5(100%) - 5 0.255
Gender-Male 18(69.3%) 8(30.7%) 26 0.885 7(87.5%) 1(13.5%) 8 0.825
Fever 24(70.5%) 10(29.5%) | 34 0.847 8(88.9%) 1(11.1%) 9 0.649
Weight loss 9(75%) 3(25%) 12 0.651 6(85.7%) 1(13.5%) 7 1.000
Bleeding 9(81.8%) 3(27.2%) 11 0.817 5(100%) - 5 0.255
Headache 1(50%) 1(50%) 2 0.527 1(50%) 1(50%) 2 0.119
Joint pain 0 1(100%) 1 0.122 0 1(100%) 1 0.011
Hepatomegaly 21(65.6%) 11(34.4%) 32 0.227 10(83.3%) 2(16.7%) 12 0.533
Splenomegaly 21(67.7%) 10(32.3%) | 31 0.563 10(83.3%) 2(16.7%) 12 0.533
Lymphadenopathy 14(58.33%) 10(41.66) 24 0.049 8(80%) 2(20%) 10 0.334
Hb <8 21(67.7%) 10(32.3%) | 31 0.563 10(83.3%) 2(16.7%) 12 0.533
TLC >50,000 7(58.3%) 5(41.6%) 12 0.292 5(100%) 0 5 0.255
Platelets <50000 24(68.6%) 11(31.4%) 35 0.602 10(83.3%) 2(16.7%) 12 0.672
Blasts >50 26(70.2%) 11(29.8%) 37 0.896 12(83.3%) 2(16.7%) 14 -
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Table 5: MRD Detection in CD86 positive and CD86 negative B-cell ALL cases based on NCI Risk Category

NCI Risk Category | D0 CD86 positive B- | MRD detection in CD86 D0 CD86 negative MRD detection in CD86 | P value
cell ALL positive B- cell ALL B- cell ALL negative B- cell ALL
Standard Risk 3 0(0%) 0 0(0%) -
Intermediate Risk 20 8(40%) 7 0(0%) 0.046
High Risk 5 4(80%) 5 2(40%) 0.197
Discussion Study Limitations

B-cell ALL is a clonal haematologic malignancy originating from B-
lymphoid progenitor cells !"’!. CD86 is a novel LAIP marker that has
not been thoroughly investigated previously. These investigations
indicate that CD86 overexpression may serve as a significant
biomarker for therapy monitoring and disease prognostication "I,

Prior research has emphasised the significance of CD86 on
leukemic blasts, primarily facilitating IgG isotype release to
circumvent immune monitoring and sustain blast survival through
elevated expression of anti-apoptotic molecules and reduced levels
of pro-apoptotic molecules '’!. These methods indicate that elevated
CD86 levels confer a survival advantage to leukemic blasts by
obstructing programmed cell death ¥,

The objective of this study was to assess the expression of
CD86 and other LAIP markers on B cell ALL blasts in children and
their relevance in MRD monitoring.

In the current investigation, at day 0, the overexpression of
LAIP markers was most pronounced with Dim CD38, accompanied
by moderate to bright CD58 (92.8%), followed by CD73 (90%),
CD86 (70%), and CD123 (60%). CD73 and CD86 exhibited results
analogous to those of Coustan-Smith et al., Tembhare et al., Sedek
et al., and Jain et al. (2,6,12-13) Jain et al. and Coustan-Smith et al.
noted a higher incidence of CD123 overexpression compared to
CD86 =131,

On day 35 following induction chemotherapy, the
prevalence of LAIP markers was highest for dim CD38, exhibiting
moderate to bright expression of CD58 (92.8%), followed by CD73
(90%), CD86 (70%), and CDI123 (60%). The overexpression of
CD73 and CD86 was analogous to that seen by Tembhare et al. '°!
The study by Sedek et al. ""”! also demonstrated comparable
expression levels of CD73 and CD86 in blasts on day 15 of
treatment.

The post-induction stability of all MRD markers in our
investigation was predominantly observed with Dim CD38,
exhibiting moderate to high levels of CD58 (92.8%) and CD86
(92.3%), followed by CD123 (90.9%) and CD73 (85.7%). Tembhare
et al. ' noted the highest post-induction stability of CD86 among
various LAIP markers. Sedek et al. " also noted good post-
induction stability of CD86, after CD73. Consequently, the superior
post-induction stability of CD86 as MRD indicators documented in
prior research aligns with our findings.

The study by Mansour A et al. revealed that, after a follow-
up period of 28 months, 16 patients had recurrence and exhibited
elevated CD86 expression compared to those who maintained
complete remission. Consequently, they determined that elevated
levels of CD86 may correlate with unfavourable prognosis /. Our
investigation noted a higher incidence of MRD positivity in CD86-
expressing blasts at day 0 compared to the CD86-negative group,
potentially indicating the prognostic significance of CD86 in B-cell
acute lymphoblastic leukaemia, as proposed by Mansour A et al. '*!
Wahba et al. discovered a statistically significant correlation
between CDS86 expression and adverse outcomes in these
patients!'*l.

This study demonstrates the relevance of CD86 as a valuable
LAIP marker for MRD, exhibiting strong post-induction stability.
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Smaller number of cases were enrolled due to limited period of study
and resource constraints. A large cohort of study is recommended to
substantiate out findings.

Conclusion

Notwithstanding current protocols and sophisticated therapies, the
recurrence of leukaemia continues to be a significant challenge. The
early identification of remaining blasts, undetectable by
cytomorphological examination, is crucial for attaining full
remission. CD86 is becoming a possible biomarker for minimal
residual disease identification with strong post-induction stability in
B-cell acute lymphoblastic leukaemia. Therefore, we propose
inclusion of CD86 in the flow cytometric panel for minimal residual
disease detection to enhance the accuracy of MRD identification in
B-cell acute lymphoblastic leukaemia.
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