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Abstract
World Health Organization (WHO) guidelines, 2008 and 2016, have laid down strict criteria for assigning the lineage to blast 
cells in the diagnosis and classification of acute leukemia. While cytoplasmic (c) CD22 has been recommended by WHO 
as a strong B lymphoid lineage-associated marker along with surface (s) CD19, cCD79a, and sCD10, there is no reference 
to sCD22 as a diagnostic marker in these guidelines. In view of the above fact and the technological advantage surface 
immunophenotyping assays provide over the cytoplasmic assays, we examined the sensitivity and specificity of sCD22 for 
B lymphoid lineage. Blast cells in 232 cases of B-acute lymphoblastic leukemia (B-ALL) were examined by flow cytometric 
immunophenotyping for expression of sCD10, sCD19, sCD20, sCD22, and cCD79a in addition to a host of other lineage-
associated CD markers as a part of an antibody reagent panel. In 124/126 (98%) cases of B-ALL, the blast cells expressed 
sCD22, thereby confirming its high sensitivity as a B lymphoid marker. In 52/54 (96%) of these cases wherein cCD79a 
(another B lineage marker recommended by the WHO) expression was examined in parallel, both markers were positive 
suggesting a very high degree of correlation between sCD22 and c79a expression. sCD22 also showed 100% specificity 
for the B lymphoid lineage. Our data show that sCD22 can be used as a reliable and preferred marker for the diagnosis of 
B-ALL in place of cCD22 and cCD79a in view of its associated technological advantages. These findings also provide the 
basis for an increasing use of anti-CD22 antibody and/or CD22 CAR T cell therapy in B-ALL.
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Introduction

In World Health Organization (WHO) 2008 guidelines for 
diagnosis and classification of acute leukemia, B lineage 
assignment of blast cells is based on strong expression of 
CD19 and at least one of the remaining B lymphoid markers, 
namely, CD10, cytoplasmic (c) CD22, and cCD79a, or weak 
CD19 expression along with strong expression of at least 
two other B markers — CD10, cCD22, and cCD79a [1]. 

There is no mention of surface (s) CD22 in this context. The 
reason for this is not mentioned in the guidelines but could 
be the result of the reported low incidence of sCD22 expres-
sion by the leukemic B blasts in some older publications 
[2, 3]. Since performance and interpretation of cytoplasmic 
markers is technically more challenging, and consensual cut 
offs for positive reactivity of cytoplasmic markers are not 
available [4], the availability of an additional and reliable B 
lineage-associated surface marker is highly welcome. The 
potential clinical use of the prior information on the intensity 
of surface CD22 expression by blast cells in planning anti-
CD22 antibody and CAR T cell therapy in B-ALL cases is 
an added advantage that is not available with cytoplasmic 
CD22 [5]. As our data show, sCD22 is ideally suited to meet 
both the requirements.
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Materials and methods

Peripheral blood and bone marrow (BM) aspiration smears 
were air dried and stained with Leishman stain. Cytochem-
ical myeloperoxidase staining of BM and/or blood smears 
was performed according to standard procedures [6].

In a retrospective analysis of 232 newly diagnosed cases 
of B-ALL examined at our laboratory during a 12-month 
period, the immunophenotype of blast cells was analyzed 
for expression of B lymphoid markers CD10, CD19, 
CD20, sCD22, and cCD79a. The diagnosis of all cases was 
based on the WHO guidelines of 2008 and 2016 (revised) 
[1, 7].

Flow cytometric immunophenotyping

Flow cytometric immunophenotyping was performed in 
all cases on anticoagulated (heparin or EDTA) BM and/
or peripheral blood samples. Six color flow cytometric 
immunophenotyping was performed on Navios or FC500 
flow cytometers (Beckman Coulter, Florida, USA). Blast 
cells were classified into B, T, and myeloid lineages on 
the basis of expression of the following  CD markers — 
CD45, CD10, CD19, CD20, sCD22, cCD79a, CD1a, CD2, 
CD3, CD4, CD5, CD7, CD8, CD56, CD11b, CD13, CD14, 
CD15, CD16, CD33, CD117, CD34, HLA-DR, CD235a, 
CD41, and CD61. Additionally, the expression of cyto-
plasmic markers cCD3 and cMPO was examined as guided 
by the results of the surface marker studies. sCD22 and 
cCD79a were tested consecutively in 126 and 54 B-ALL 
cases respectively in the later part of the study. Nuclear 
TdT was checked in 97/105 CD34 negative cases. Fluoro-
chromes used included fluorescein isothiocyanate, phyco-
erythrin (PE), PerCP5.5, allophycocyanin (APC), PE-Cy7, 
and APCH7. Isotype matched negative controls were used 
in appropriate fluorochrome combinations for each mul-
ticolor tube. Standard “lyse-wash” protocol was used to 
enrich the leucocytes followed by incubation of cells with 
fluorochrome-labelled antibodies at room temperature 
(22–25 °C) for 20 min. For cytoplasmic labelling, cells 
were permeabilized with ready-to-use ammonium chloride 
solution (“Perm 2”; Beckman Coulter, FL, USA). Blasts 
were selected for analysis on the basis of their low side 
scatter (SSC) and reduced to absent CD45 expression in 
CD45/SSC two dimensional dot plots, complemented by 
their forward and side scatter properties and CD34/TdT 
positivity. In the small number of CD34/TdT negative 
cases, B lymphoid blast cell populations were identified 
by back gating of populations co-expressing other relevant 
B lineage-associated CD marker combinations such as 
CD19, CD20, sCD22, and CD10 to CD45/SSC dot plots. 

Cases of CD10 positive mature B cell lymphomas were 
excluded from analysis by looking simultaneously at all 
the antigenic features (composite immunophenotype) of 
the neoplastic mature B cells, namely, bright CD45 expres-
sion, CD34/TdT negativity, CD20 positivity and surface 
Ig, and/or light chain expression. For interpretation of 
positivity of blast cells for a particular marker, we used a 
cut off of 20% for surface markers and 10% for cytoplas-
mic markers as recommended by the EGIL criteria [8]. 
The expression of CD markers was further characterized 
into dim, normal, intermediate, bright, partial, heteroge-
neous, etc. depending on the number and distribution of 
the fluorescent events in the positive quadrant and with 
respect to the quadrant markers placed as per the reactiv-
ity of the cells of interest with isotype matched negative 
controls. Mean fluorescence intensity (MFI) was recorded 
for assessment of the intensity of expression of a particular 
marker by the cells.

The study was approved by the institutional ethics 
committee.

Results

Most of the B-ALL cases belonged to the pediatric popu-
lation — around 35% cases were in the age group of 0 to 
10 years followed by 19% in the age group 11 to 20 years. 
Male to female ratio was 1.5:1. CD19 expression was seen 
in 100% of cases since this property of blast cells formed 
the basis for diagnosis of their B lineage. CD10 and CD20 
expression was seen in 94% and 53% cases, respectively 
(Table 1). Stem cell/immaturity markers CD34 and HLA-
DR were tested in all cases and were expressed in 54% and 
97% cases, respectively. TdT was tested in 97 of 105 CD34 
negative cases (Table 1). TdT positivity was observed in 90 
(93%) of these 97 cases. Aberrant expression of myeloid 
markers CD33 and CD13 was seen in 12% and 18.5% of 
B-ALL cases, respectively, while expression of one or more 
T markers (CD7, CD5, and CD2) was seen in 3.8% cases 
(Table 1).

Out of the 232 cases of B-ALL, expression of sCD22 was 
examined in 126 cases and 124 of these cases were positive 
for this marker, yielding a sensitivity of 98%. The intensity 
of fluorescence reflecting the expression of sCD22 by the 
blast cells in these 124 cases varied widely — from dim 
to bright with heterogeneous distribution of the events. We 
did not observe any difference in the immunophenotypic 
profiles/patterns of cases in which CD22 was tested com-
pared to those in whom this marker was not tested. Fifty four 
of the 126 cases were tested simultaneously and in paral-
lel for sCD22 and cCD79a. Expression of both the markers 
was seen in 52 (96%) of these 54 cases. One of the 2 cases 
wherein the correlation between sCD22 and cCD79a was 
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missing, was positive for sCD22 and negative for cCD79a 
while in the other case, the situation was reverse. This indi-
cates a very high degree of concordance in expression of 
these two B lymphoid markers by the blast cells.

sCD22 positivity was not seen in 193 cases of different 
types of acute myelogenous leukemia (AML) and in 26 cases 
of T-ALL during the same study period, using the same 
antibody reagent panel. This indicates 100% specificity of 
sCD22 for B lymphoid lineage.

Discussion and conclusions

CD22 is a B cell specific marker [1, 7, 9]. Intracellular 
expression of CD22 is first seen very early in B cell ontog-
eny. Its expression on the surface of immature B lymphoid 
cells follows soon and continues throughout all stages of B 
cell maturation until its total disappearance at the level of 
plasma cells — the terminally mature B cells [9]. Initial pub-
lications recommended the use of cytoplasmic CD22 instead 
of surface CD22 in the diagnosis of B ALL on the basis of 
the observed low incidence of surface CD22 positivity in 

very early stage of maturation of B precursor cells [2, 3]. 
WHO 2008 guidelines too recommended the use of cCD22 
and not sCD22 as a B cell lineage marker for the diagnosis 
of B ALL along with cytoplasmic CD79a [1]. This recom-
mendation was reiterated in the 2016 guidelines [7].

In our study, all the 232 newly diagnosed cases of B-ALL 
were positive for CD19. The immaturity markers such as 
CD34, TdT, HLA-DR, and CD10 (for B lineage) were 
expressed in 54%, 90%, 97%, and 94% of cases, respectively. 
Other studies [10, 11] have shown a wide range of expres-
sion of CD10 (60.5 to 95.6%) and CD34 (68.7 to 77.5%) in 
B-ALL cases. In contrast, TdT (80.5 to 98%) [12] and HLA-
DR (97.4 to 100%) expression by B lymphoblasts is reported 
to be consistently high in most publications. Notably, and as 
observed in this study, CD34 expression by B-ALL blasts 
seems to be the lowest among the immaturity markers in 
all reported series [11]. This highlights the need for includ-
ing TdT in the immunophenotyping reagent panels used for 
acute leukemia diagnosis.

We excluded the cases of CD10 positive mature B cell 
lymphoma from analysis by looking simultaneously at all 
the antigenic features (composite immunophenotype) of the 

Table 1  The incidence of 
relevant CD marker positivity 
in B-ALL cases (N = 232). Note 
the high level of correlation 
between sCD22 and cCD79a in 
B-ALL cases

* In 54 cases, both c79a and sCD22 were tested in parallel. In 52 (96%) of these cases, both markers were 
positive indicating a high degree of correlation and therefore, high sensitivity of sCD22 as a B lineage-
associated marker
Cytoplasmic markers cCD3 and cMPO were applied, as required, on the basis of results of surface immu-
nophenotype of blasts. Nuclear TdT was tested in 97/105 CD34 negative B-ALL cases
None of the 193 cases of different types of AML and 26 T-ALL cases showed sCD22 positivity indicating 
100% specificity of this marker for B lymphoid lineage
The boldface entries are significant and are accordingly marked by astrix

Lineage/CD marker Number tested Positive (percentage)

B lymphoid
CD10 All cases 219 (94%)
CD19 All cases 232 (100%)
CD20 All cases 123 (53%)
sCD22* 126 cases 124 (98.4%)
cCD79a* 54 cases 52 (96.2%)
Myeloid
CD11b All cases 5 (2.3%)
CD13 All cases 28 (12%)
CD33 All cases 43 (18.5%)
CD117 All cases 4 (1.7%)
T-lymphoid
CD2 All cases 1 (0.5%)
CD3 All cases 0
CD5 All cases 3 (1.2%)
CD7 All cases 6 (2.5%)
Stem cell/immaturity marker
HLA-DR All cases 226 (97.4%)
CD34 All cases 127 (54.7%)
Nuclear TdT 97 CD 34 negative cases 90 (93%)
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neoplastic B cells, namely, bright CD45, CD34/TdT nega-
tivity, CD20 expression and surface Ig, and/or light chain 
expression that suggested their “mature” phenotype. Only 
cases lacking these phenotypic features were analyzed in this 
study. The incidence and intensity of sCD22 expression in 
mature B cell lymphoma was also much lower (even absent 
in many cases) than those of CD20 (data not shown). In 
cases of “hairy cell” leukemia, however, sCD22 expression 
was bright as expected.

Although CD20 was a constituent of the primary rea-
gent panel used by us for the diagnosis of acute leuke-
mia, as in the case of most other laboratories, we found 
it to be expressed only in 53% (123/232) B-ALL cases. 
Bachir et al. [13] documented a similar incidence (54.2%) 
of CD20 expression in their B-ALL cases whereas Salem 
et al. showed a much lower incidence of expression (26.3%) 
[14]. These findings highlight the limited role of CD20 as 
a marker of B cell lineage of blast cells in acute leukemia 
diagnosis. However, the absence of CD20 in leukemic blast 
cells along with leukemia-associated changes in the other 
CD markers is useful in distinguishing them from hemato-
gones during quantification and monitoring of measurable 
residual disease in B-ALL [15]. CD20 is also useful in the 
differential diagnosis of mature B cell lymphomas versus 
lymphoblastic lymphomas [1, 7, 14]. Hence, the majority 
of laboratories continue to use CD20 in their immunophe-
notyping panels for acute leukemia [16].

In contrast to the low incidence of CD20 expression 
in B-ALL, sCD22 was positive in 124/126 (98%) of our 
cases in whom this marker was tested, thereby clearly 
demonstrating a high degree of sensitivity of this marker 
for B lineage of blast cells in ALL. Furthermore, a very 
high degree of concordance (96%) was observed between 
sCD22 and cCD79a expression by blast cells (in 52/54 
cases) in whom both the markers were simultaneously 
tested. In one of the two cases wherein this correlation 
was absent, blasts were positive for sCD22 but nega-
tive for CD79a and in the other case, the situation was 
reverse. Lahjouji et al. [17] too reported expression of 
sCD22 and cCD79a in all their cases of B-ALL. Simi-
lar high incidence of sCD22 positivity in B-ALL cases 
has been observed by other leading laboratories (Brent 
Wood, Children’s Hospital Los Angeles, University of 
Southern California, USA; personal communication). It 
is somewhat intriguing to note against this background 
that the WHO guidelines for diagnosis and classification 
of acute leukemia [1, 7] recommended use of cCD22 and 
not sCD22 as a B lymphoid lineage marker. Although the 
reasons for this recommendation are not clear, this deci-
sion could have been influenced by the older published 
reports that found higher incidence of cCD22 in B-ALL 
cases compared to sCD22 [2, 3]. The methodologies used 
in these studies were manual immunofluorescence (IF) 

assays complemented by flow cytometric immunophe-
notyping (using home grown antibodies) and SDS PAGE 
electrophoresis. It is possible that the low sensitivity of 
manual IF assay and other methodological limitations and 
reagent-related issues could have resulted in lower sCD22 
positivity in their B-ALL cases. Our data also show 100% 
specificity of sCD22 for the lymphoid lineage in that none 
of the AML and T-ALL cases tested positive for sCD22.

On the basis of the data referred to above and those 
shared by us in this article, we believe that sCD22 can be 
used (in conjunction with CD19 and CD10) as a highly 
reliable and independent marker for assigning B lineage to 
blast cells in acute leukemia. This will obviate the need to 
perform technically more complex cytoplasmic assays for 
CD22 and/or CD79a in acute leukemia cases. Accordingly, 
we also believe that only cases that are CD20 and surface 
CD22 negative need to be tested for cCD79a and/or cCD22 
expression for establishing B lineage of the blast cells as 
per WHO recommendation [1, 7]. Furthermore, this will 
reduce the cost of immunophenotyping of B-ALL cases, an 
important consideration in resource poor countries.

The other important advantage of assessing sCD22 
expression in ALL cases at presentation is the potential 
significance of this information in planning future CD22 
CAR T cell therapy in these cases, especially those show-
ing poor response or resistance to CD19 CAR T therapy 
[5, 18].

Therefore, we conclude that surface CD22 is as reliable 
as cytoplasmic CD79a and is an “easier-to-test” marker 
in the diagnosis of B ALL. Hence, we recommend inclu-
sion of surface CD22 as the marker of choice in place 
of cytoplasmic CD22 (and even cCD79a) in the primary 
reagent panel for the diagnosis of B ALL. Some of the 
leading laboratories too follow this practice (Brent Wood, 
Children’s Hospital Los Angeles, University of Southern 
California, USA; personal communication). Furthermore, 
this approach also provides important information for the 
future use of surface CD22 as the target molecule for 
immunotherapy of these cases.
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