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Abstract

Flow cytometry (FCM) is a precise and well-established tool to assess the minimal residual disease 
(MRD) level in childhood acute lymphoblastic leukemia (ALL). It is crucial to distinguish leukemic cells from 
their normal counterparts; thus new markers should be evaluated, to increase the accuracy of the analysis. 

The expression of CD73 on blast cells was measured and compared at the day of diagnosis and at 
days 15 and 33 of treatment. To determine antigen expression levels, a normalized scale based on me-
dian fluorescence intensity (nMFI) was used. The study group consisted of 188 patients from the Polish 
Pediatric Leukemia and Lymphoma Study Group. 

From 177 patients with positive MRD at day 15 of treatment, in 147 (83.1%) cases an increase of CD73 
expression was observed (mean increase of +17 nMFI units). In addition, an increase of CD73 expression 
was noted in 26 of 31 (83.9%) patients at day 33 of treatment. In turn, a decrease of CD73 expression 
was observed only in 13/177 (7.3%) and 1/31 (3.2%) cases at days 15 and 33 of treatment, respectively.  
In 17 (9.6%) patients no change in expression of CD73 between diagnosis and day 15 of treatment was 
observed.

In the great majority of cases the expression of CD73 is not only stable but increases during the early 
stages of treatment, which makes it a very useful marker to be used for MRD monitoring in childhood 
B-cell precursor (BCP)-ALL patients.

Key words: minimal residual disease, acute lymphoblastic leukemia, flow cytometry.
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Introduction
Acute lymphoblastic leukemias (ALL) constitute about 

35% of all childhood cancers. Although ALL is a hetero-
geneous group of diseases, it can be characterized by an 
abnormal proliferation and accumulation of immature 
cells – lymphoblasts in the bone marrow (BM), which can 
also spread to peripheral blood [1, 2]. In around 85% of 
childhood ALL cases, malignant transformation concerns 
immature B cells, resulting in B-cell precursor-ALL (BCP-
ALL). Several somatic genetic alterations were described 
to trigger ALL, by modulating key regulatory processes, 
such as cell proliferation or responsiveness to apoptosis 
signals [1]. In about 75% of cases of pediatric BCP-ALL, 
different structural or numerical chromosome aberrations 
can be identified. Translocation t(12;21)(p13;q22), leading 
to the formation of fusion gene ETV6-RUNX1, and hyper-
diploidy are the two most common and at the same time 
associated with the most favorable prognosis. In turn, rare 
aberrations such as t(9;22)/BCR-ABL1 and KMT2A gene 
rearrangements constitute adverse prognostic factors [3].

The last decade brought enormous advances in genom-
ic research, which enabled more personalized, risk-directed 
therapy to be introduced for ALL patients. Specifically, 
this significantly improved the long-term survival and 
quality of life of pediatric ALL patients [4, 5]. Even though 
the statistics are encouraging, relapses among post-thera-
py ALL children still occur in about 20% of patients, im-
plying that there is still much space for improvement [2].  
The first step should be focused on early identification of 
genetic alterations holding the potential of direct intro-
duction of the personalized therapeutic approach [4, 5]. 
Secondly, robust, standardized methods of monitoring 
the treatment efficiency should be introduced into routine 
practice. The latter can be achieved by assessment of min-
imal (or measurable) residual disease (MRD) i.e., quanti-
fication of residual leukemic cells at particular time points 
of the treatment protocol [5-8].

MRD detection is an already well-established, inde-
pendent prognostic indicator in ALL and one of the key 
parameters in contemporary ALL treatment protocols used 
for patient stratification [5, 6, 8, 9]. Currently, two meth-
ods of MRD monitoring are employed: molecular tech-
nique based on clone-specific quantitative PCR amplifi-
cation of immunoglobulin/T-cell receptor genes and flow 
cytometry (FC). The latter technique successfully com-
petes with more time-consuming PCR-based techniques, 
and its application in a multiparametric (≥ 8-parameter) 
setting can provide the same sensitivity levels (down to 
10–5) [10-12]. Advantages of FC include its speed, wide ac-
cessibility and affordability [12]. However, the predictive 
value of FC-MRD is affected by some technical challenges 
and interpretative complexities [6]. The most important is 
the lack, low number or instability of the so-called leuke-
mia-associated immunophenotypes (LAIPs), which might 

concern 2% up to even 20% of pediatric ALL patients  
[13, 14]. This means that in this proportion of cases, the 
phenotype of leukemic blasts at diagnosis of BCP-ALL, 
determined using ‘classical’ markers (such as CD10, 
CD20, CD34, TdT, CD22, CD38, CD45), can be very 
similar to the phenotype of normal B-cell precursor cells 
(BCP, hematogones) emerging in BM in high amounts 
particularly at later follow-up time points. It is also evi-
denced that some antigens, e.g., CD10, CD20 and CD34, 
are prone to modulation (up- or downregulation) caused by 
different chemotherapeutic drugs [14, 15]. Thus, to prevent 
false negative MRD results it is crucial to determine strong 
LAIPs at diagnosis of BCP-ALL, e.g., by introduction of 
markers showing differential expression patterns from both 
leukemic blasts and all maturational stages of normal he-
matogones, and that at the same time are stable during the 
course of the therapy [15, 16]. The sensitivity of MRD 
assessment rises with the number of antibodies/antigens 
used to determine the LAIP of leukemic blasts [10]. In re-
cent years, several studies were published in which poten-
tially useful markers for MRD monitoring were assessed  
[14, 15, 17-23]. Among them, CD73 was shown as a prom-
ising marker for MRD monitoring in BCP-ALL [15]. 

CD73, also known as ecto-5’-nucleotidase, is an en-
zyme which catalyzes the conversion of 5-prime mono-
nucleotides to nucleosides, mostly AMP to adenosine; 
thus overexpression of CD73 can be associated with high 
concentration of adenosine [24]. It has been proved that 
overproduction of extracellular adenosine promotes tumor 
growth and propagation by suppression of antitumor T-cell 
function [25]. Utilizing this knowledge, CD73 might be 
used in the future as a potent target in cancer immuno-
therapy [26]. 

The aim of the study was to determine and compare 
the expression of CD73 antigen on leukemic blasts at di-
agnosis and at days 15 and 33 of induction treatment in 
MRD-positive cases.

Material and methods
The study group consisted of 188 childhood BCP-ALL 

patients treated in 14 centers of the Polish Pediatric Leuke-
mia and Lymphoma Study Group. Bone marrow samples 
collected at BCP-ALL diagnosis and days 15 and 33 of 
treatment were shipped to the reference center for FC-
MRD detection – Medical University of Silesia in Kato-
wice, Department of Pediatric Hematology and Oncology 
in Zabrze for central evaluation. The samples were pro-
cessed in accordance with EuroFlow sample preparation 
protocols [27] including the EuroFlow bulk lysis protocol 
for samples collected at days 15 and 33 of treatment [28]. 
All samples at days 15 and 33 of treatment were stained 
with a ten-color monoclonal antibody panel and acquired 
with a BD FACS Canto flow cytometer (Fig. 1). For mon-
itoring of BCP-ALL, EuroFlow recommends an 8-color 
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panel combining CD304 and CD73 antigens together at 
the PE position. However, since 10-color stainings were 
available, these antigens were split apart, which enabled 
assessment of both single antigens in the current study. 

Since MFI values have usually large, fluoro-
chrome-specific spread, often reaching high values, direct 
usage of MFI as a measure of antigen expression is dif-
ficult and not recommended. Thus, to determine antigen 
expression level, a normalized scale based on median flu-
orescence intensity (nMFI) was used [29]. As a positive 
reference for CD73 expression, a normal bone marrow 
CD73-positive mature B-cell subset was used, whereas 
a CD73-negative B-cell subset served as a negative ref-
erence population (Fig. 2). The range between mean MFI 
of CD73-positive and CD73-negative B-cell subsets was 
divided into 10 equal intervals: nMFI scores 0-1 corre-
sponded to lack/low expression of CD73, while nMFI 
score of 10 represented maximal expression measured on 
the positive reference B-cell subset. MFI expression values 
on blast cells were compared to the nMFI scale and were 
assigned a score from 0 to 10. Since expression of CD73 

on leukemic blasts could be abnormally high, the scale was 
extrapolated when necessary to assign nMFI scores higher 
than 10.

Expression levels of CD73 on leukemic cells were 
evaluated at diagnosis (day 0), at days 15 and 33 of in-
duction treatment when routine FC-MRD evaluation was 
performed. Subsequently, expression levels in nMFI units 
were pairwise compared between day 0 and day 15 for 
every patient, and between day 0 and day 33 for patients 
who were still MRD-positive (31 patients). The modula-
tion of CD73 expression was subsequently correlated with 
the occurrence of the most frequent genetic aberrations in 
BCP-ALL such as BCR-ABL1, KMT2A rearrangements, 
ETV6-RUNX1, TCF3-PBX1, IKZF1, as well as with hyper- 
and hypodiploidy.

For every patient, principal component analysis (PCA) 
was performed using Infinicyt (Cytognos, Salamanca, 
Spain) software. This approach determines the utility of 
individual markers contained in a single tube and grades 
them based on their individual contribution to separation 
of different cell populations. Thus, the use of PCA enabled 
us to compare the significance of CD73 in separation of 
blast cells from normal B cells vs. other well-established 
markers in the tube (e.g. CD10, CD20, CD38). 

FITC PE PerCP PE-Cy7 APC Alexa700 APC-H7/C7 PB BV-510 BV-605

S Syto16 Invi-
trogen 10 μl

CD66/
CD304

CD34 
BD 10 μl

CD19 BD 
5 μl

CD22 
BD 3 μl

CD45 
BD 3 μl

CD38 
BD 3 μl

CD20
Biole-

gend 1 μl

CD73 
3 μl

CD10 Invi-
trogen 5 μl

Fig. 1. BCP-ALL MRD tube with CD73. Depending on the immunophenotype at diagnosis, CD66 or CD304 was used 
as a second additional marker in PE position

Fig. 2. Typical expression of CD73 on normal mature  
B-cells (red – CD73-positive subset, grey – CD73-negative 
subset). The MFI values of CD73 observed on those B-cell 
subsets were used as reference to create a normalized scale 
of CD73 expression in nMFI units
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Results

CD73 expression at day 15 of induction treatment 

Out of 188 patients, 177 (94.1%) were MRD-positive at 
15 day of treatment. Among MRD-positive patients, mean 
expression level of CD73 at diagnosis was 5 nMFI units, 
while at day 15 of treatment nMFI was 19. In 147 cases 
(83.1%) an increase of CD73 expression level at day15 
of treatment was observed (mean increase of +17 nMFI 
units). In turn, CD73 expression level at day 15 was lower 
than at diagnosis in 13/177 (7.3%) cases (mean decrease 
of –3 nMFI units). In 17/177 (9.6%) cases the expression  
of CD73 remained at the same level (Figs. 3 and 4). 

Interestingly, in 6 cases (3.4%) with lack of, or min-
imal CD73 expression at diagnosis (nMFI of 0-1) a sig-
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nificant increase at day 15 of induction treatment was ob-
served (mean increase of +2 nMFI units). In contrast, only 
3 CD73-positive cases (1.7%) had become CD73-negative 
at day 15 of induction treatment (Table 1).

Change of CD73 expression at day 33 of treatment

In 31 MRD-positive patients at day 33 of treatment, 
the mean nMFI value was 23 units (i.e., the same as at 

Table 1. Number (%) of cases per different CD73 expres-
sion intervals

0-1 nMFI 2-6 nMFI 7-10 nMFI > 10 nMFI

Day 0 38 (21%) 91 (51%) 24 (14%) 24 (14%)

Day 15 20 (11%) 27 (15%) 18 (10%) 112 (64%)

Day 33 3 (10%) 5 (16%) 2 (6%) 21 (68%)
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day 15 of treatment), as compared to mean nMFI of 6 at 
day 0 for these patients. An increase of CD73 expression 
was observed in 26/31 (83.9%) patients (mean increase of  
+17 nMFI units), while a decrease (by –5 nMFI) was ob-
served only in 1 case. In 4 cases, the expression of CD73 
showed no changes as compared to day 0. Interestingly, in 
2 of these cases, the expression was very stable throughout 
all three time points (nMFI = 1) (Figs. 5 and 6).

Correlation of genetic data with CD73 
expression changes

Correlation of the mean CD73 expression increase be-
tween day 0 and day 15 of treatment with the presence of 
BCR-ABL1, TCF3-PBX1, IKZF1 and ETV6-RUNX1 rear-
rangements did not reveal any significant differences as 
compared to patients without those aberrations (Table 2). 
In contrast, in patients with hyperdiploidy the increase 

of CD73 expression on blast cells at day 15 of treatment 
was significantly higher than in diploid patients (+19.7 vs. 
+12.1 nMFI units, respectively; p < 0.01, Table 2). Inter-
estingly, in all 3 KMT2A-rearranged patients CD73 expres-
sion was very low at day 0 and did not increase during the 
early phases of treatment (nMFI of 0-1).

Significance of CD73 in blast cell separation

At day 15 of induction treatment in 97/177 (55%) 
cases, CD73 was within the top 5 markers contributing to 
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Table 2. Mean CD73 expression change in BCP-ALL pa-
tients of different genetic subtype

n Day 0 Day 15 Δ

BCR-ABL Pos 7 7.6 18 10.4

Neg 152 5.4 19.6 14

KMT2A
rearrangements

Pos 3 0.7 0.7 0

Neg 158 5.5 19.7 14.1

ETV6/RUNX1 Pos 41 7.3 17.9 10.6

Neg 109 4.7 19.7 15.1

TCF3-PBX1 Pos 9 2.8 11.4 8.7

Neg 76 5.6 20.6 15

Hyperdiploidy Pos 32 4.4 24.1 19.7*

Neg 89 5.7 17.7 12.1*

IKZF1-plus Pos 2 2.5 7.5 5

IKZF1 deletions Pos 3 14 40.3 26.3

IKZF1 (plus/deletions) Neg 32 4.2 18.8 14.3

Pos – presence of aberrancy, Neg – absence of aberrancy, n – number of cases, 
Δ – change during treatment; significant changes at p = 0.05 are indicated with *
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separation of blasts from normal mature B cells. In 4/177 
(2.2%) patients CD73 was the most significant antigen 
(Fig. 7A). CD73 showed greater utility than CD22 and 
CD38. At day 33 of induction treatment therapy CD73 was 
in the top 5 markers in 20/31 (65%) cases, being the most 
significant in 2 cases, which ranks CD73 before CD22, 
CD38 and CD45 (Fig. 7B). In one patient in which nor-
mal B-cell precursors were present together with leukemic 
blasts, CD73 was the second most significant marker sep-
arating these populations. 

Discussion
Detection of MRD in BCP-ALL is one of the key el-

ements in contemporary treatment protocols. FC-MRD 
level assessed at day 15 of induction treatment is one of 
the prognostic factors used for patient stratification and 
treatment effectiveness evaluation [30]. In the majority of 
cases, MRD level determination by FC is based on detec-
tion of LAIPs. However, it is known that some antigens 
contributing to LAIP (e.g. CD10, CD34 or CD20) can fluc-
tuate during the treatment, which can potentially be prob-

lematic and lead to false negative MRD results [31]. Thus, 
it is crucial to look for new markers with stable expression 
during treatment that would strengthen the LAIP and facil-
itate reliable MRD detection in BCP-ALL. A review of the 
literature reveals many potential candidate markers. Cous-
tan-Smith et al. performed a genome-wide gene expression 
study to evaluate several markers for detection of MRD in 
BCP-ALL, such as CD73, CD304, CD123, CD200, CD72, 
CD86, CD130. Out of these markers, CD73 showed sig-
nificantly different expression pattern from normal hema-
togones, being at the same time one of the most frequently 
(around 55% of patients) overexpressed markers of blast 
cells. Some of these antigens (i.e. CD49f, CD69, CD132, 
CD83, CD79b, CD102, CD44) show similar expression 
on the hematogones, which excludes them as a potential 
markers for MRD detection [17]. Usefulness of CD73 was 
also reported by Tembhare et al., who compared expres-
sion of CD73 with CD86, CD72, CD44, CD200 and CD24 
[14] and found overexpression of this marker in above 
75% of patients. Also, Sędek et al. confirmed a high over-
expression rate of CD73 on blast cells (≥ 2 nMFI value in 
66% of cases, ≥ 7 in 26%), and stability during the ear-

Fig. 7. Participation of markers in the discrimination of blast cells from normal B cells at days 15 (A) and 33 (B) of 
induction treatment. Individual colors represent the proportion of significance scores obtained by particular markers
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ly stage of treatment, as compared to CD304 and CD86 
[15]. A different approach was described by Bras et al., 
who evaluated only one potential marker – CD123 – but 
on a wide group of acute leukemias, proving its variable 
utility depending on the disease type and age group [23]. 
Higher expression of CD73 on blasts as compared to nor-
mal hematogones was also demonstrated by Wang et al. 
[21]. Furthermore, in a study of Jain et al., CD73 overex-
pression on blast cells was observed in 90.41% of patients 
[32]. CD73 was also adopted by the EuroFlow Consortium 
and is included in the BCP-ALL MRD panel, but it is com-
bined with CD304 in the PE position [10].

All these reports on differential expression of CD73 
between normal and leukemic cells prompted us to further 
evaluate the stability of this marker during the course of 
therapy and to further explore its usefulness in MRD de-
tection in BCP-ALL. In the current study, the stability of 
CD73 expression on leukemic blasts during the early stag-
es of treatment was assessed, by comparing its expression 
level at diagnosis and days 15 and day 33 of induction 
treatment, with the use of a normalized expression scale 
based on MFI (nMFI), as described by Sędek et al. [15].
Unlike in the 8-color EuroFlow BCP-ALL MRD panel, we 
decided to separate CD73 and CD304 markers to evaluate 
the input of CD73 only, without the possible influence of 
CD304, which was reported to have lower stability [15]. 

In the current study, a significant mean CD73 expres-
sion level increase was observed at day 15 of treatment, as 
compared to the initial diagnosis (mean of 19 and 5 nMFI, 
respectively), which is consistent with previously pub-
lished data. Sędek et al. reported that in 95% of patients, 
expression of CD73 on blast cells was stable or higher 
at day 15 than at day 0 [15]. According to Wang et al. 
CD73 expression stability was proven in 5/9 (55.6%) cas-
es, whereas in our study 164/177 (93%) patients showed 
stable or increased expression of CD73, which is in line 
with other published results [15, 21]. Moreover, this study 
also confirms the stability of CD73 expression at day  
33 in patients who were still MRD-positive at that time 
point (the same mean nMFI as compared to day 15).

It is worth noting that in 6 cases CD73 expression rose 
from low nMFI values of 0-1 to much higher levels. Wang 
et al. also pointed out that the lack of CD73 expression 
on the day of diagnosis should not exclude CD73 from 
follow-up analysis, because quite often this expression is 
acquired during treatment [21]. 

The CD73 expression increase observed in the major-
ity of cases was not correlated with any of the identified 
genetic subtypes of BCP-ALL except for hyperdiploidy. 
In patients with this numerical aberration significantly 
higher mean increase of CD73 expression was observed 
as compared with non-hyperdiploid patients (p < 0.01). In 
contrast, previous studies by Sędek et al. and Tembhare 
et al. did not identify any significant correlations between 
BCP-ALL genetic subtypes and the presence of CD73 

overexpression on blast cells at diagnosis; however, in 
both cases the study group was smaller [14, 15]. Addition-
ally, Wang et al. reported that patients with the BCR-ABL 
fusion gene presented higher expression of CD73 on blast 
cells, although this correlations was not statistically con-
firmed [21]. 

Comparison of CD73 to the other well-established 
markers confirms its significant utility as an additional an-
tigen in blast cells’ separation from mature B cells. Since 
normal immature B-cell precursor cells are usually absent 
at days 15 and 33 of induction treatment, we could not 
use PCA for evaluation of separation of blasts from nor-
mal BCPs except for one case. Lower expression levels 
of CD73 on normal hematogones as compared to mature 
B-cells were however previously reported by Wang et al. 
and Sędek et al., which is a useful feature to distinguish 
leukemic cells from their normal counterparts [15, 21]. It is 
also important to point out that simultaneous use of several 
additional markers in a 10- or 12-color setting improves 
the sensitivity of MRD detection by FC, even if expression 
of some individual markers might not be present in a sub-
stantial proportion of BCP-ALL patients. 

CD73 is a molecule of interest to many researchers. 
Expression of this molecule has been observed on many 
cancer cells of various origins [25, 26]. Its overexpression 
may be related to the increased capacity of the tumor to 
expand. In our research, we only checked the usefulness of 
using CD73 for MRD determination; however, according 
to Wieten et al., there is no significant correlation between 
CD73 overexpression and prognosis of ALL patients [33].

Conclusions
CD73 is a promising marker for MRD detection in 

BCP-ALL. It was proved that in the great majority of cas-
es its expression is not only stable but increases during 
the therapy. This phenomenon is not frequently observed 
among other routinely assessed LAIP markers, which 
makes CD73 a very useful marker to be used for MRD 
monitoring in BCP-ALL patients. 
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