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Abstract

Background: Immunophenotyping is a primary tool for investigating acute lymphoblastic leukemia (ALL). Acute
lymphoblastic leukemia accounts for 75 - 80% of pediatric leukemia cases and 14% of adult leukemia cases. However, the
prognostic factors, treatment strategies, and pathogenic pathways differ between these groups.

Objectives: This study aims to compare the pattern of antigen expression between adult and pediatric ALL patients in the Iraqi
population and to evaluate the frequency of aberrant myeloid antigen expression in both groups.

Methods: A total of 131 patients with de-novo ALL were studied from May 2014 to May 2015. The diagnosis of ALL was confirmed
by morphology and immunophenotyping of peripheral blood and bone marrow aspirate specimens using a panel of
fluorochrome-labeled antibodies in 6 - colored flow cytometry.

Results: The B-ALL phenotype was prevalent in 44 (68.7%) of adult patients compared to 51 (76.1%) in the pediatric group. CD10
expression was present in 49 (76.6%) of adults, mostly with B-ALL. The pediatric group had lower CD10 expression in T-ALL (P =
0.039). CD20 expression was significantly lower in adults compared to children. In T-ALL, significant differences between adult
and pediatric groups were observed in CD1a and CD2 expression. Aberrant myeloid antigen expression was present in 29 (45.3%)
adults and 30 (44.8%) pediatric patients, with CD33 and CD13 being the most prevalent in both groups.

Conclusions: There was an increased T-cell lineage and aberrant antigen expression in both adult and pediatric ALL cases in
this Iraqi sample. Adults with ALL tend to display higher levels of CD20 and lower levels of CD1a and CD2 compared to children,
markers associated with poorer prognoses.
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1. Background (3). Various factors affect the treatment modalities and
clinical outcomes in ALL, with age being a significant

Acute lymphoblastic leukemia (ALL) is a clinically ~ prognostic factor. Clinical outcomes differ between

heterogeneous disorder characterized by the
uncontrolled proliferation of malignant lymphoid cells,
which leads to a block in differentiation and subsequent
accumulation in the bone marrow, peripheral blood,
and other tissues (1). According to the Iraqi cancer
registry, leukemia ranks third among cancers in adults,
affecting both males and females, with a prevalence of
4.8 per 100,000 population. In the pediatric age group,
leukemia is the leading cancer type (2).

Although ALL is the most common type of leukemia
in children, it exhibits a bimodal age distribution, with
two peaks: One in childhood and another around age 50

adults and pediatric patients, even when the treatment
approaches are similar (4).

Immunophenotyping is a crucial tool for diagnosing
ALL. Its role has expanded to include prognosis and
serving as a surrogate for genetic alterations, which are
currently the most important determinants of
prognosis (5). Treatment decisions are heavily
influenced by the immunophenotypic profile. Certain
subtypes of ALL show enhanced responsiveness to
targeted therapies or specific chemotherapy regimens,
such as Rituximab for CD20-positive patients and
Ofatumumab for those targeting CD52, as reviewed by
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(6). Additionally, immunophenotyping helps in risk
stratification by identifying patients at higher risk for
relapse or treatment failure (7).

Comparative assessments of ALL between adults and
children can provide valuable insights into potential
variations in disease mechanisms and therapeutic
responses. This can facilitate advancements in research
and the development of new therapeutic strategies
tailored to each demographic. These differences also
have significant clinical implications, affecting
treatment efficacy, relapse rates, and overall survival.
Understanding the immunophenotypic variations
between pediatric and adult ALL could help tailor
chemotherapy regimens to specific age groups,
potentially improving patient outcomes (4).

2. Objectives

This study aims to identify the immunophenotyping
profiles of ALL in adult and pediatric populations and to
explore whether antigen profile differences exist
between the two groups.

3. Methods

This cross-sectional study utilized archival data from
131 newly diagnosed ALL patients admitted to the
Hematology Unit at Baghdad Teaching Hospital or the
Children's Welfare Hospital at the Medical City campus
(for the pediatric group) between May 2014 and May
2015. Patients with relapsed ALL or secondary ALL
(transformed from non-Hodgkin lymphoma) were
excluded from the study.

For all patients, the diagnosis was confirmed through
morphology and immunophenotyping. Ethical
approval for the study was obtained from Baghdad
Teaching Hospital (Approval No. EAC-253664). Peripheral
blood and/or bone marrow samples were collected in
EDTA tubes. A complete blood count was performed
using a Beckman Coulter hematology analyzer.
Morphological examination of Leishman-stained blood
smears was carried out by two hematopathologists.
Immunophenotypic evaluation was conducted using
six-color flow cytometry (BD-FACS-Canto II System,
Becton Dickinson, Belgium) at the Nursing Home
Hospital within the Medical City campus. Samples were
analyzed within 24 hours of collection using a panel of
fluorochrome-labeled antibodies, including the
following fluorochromes: Fluorescein isothiocyanate
(FITC), phycoerythrin (PE), peridinin chlorophyll protein
(Per-CP), and allophycocyanin (APC). Antibodies
included CD45, CD1a, CD2, CD3, CD4, CD5, CD7, CDS,

CD19, CD11b, CD13, CD14, CD15, CD16, CD20, CD33, CD34,
CD56,CD64, CD117, and HLA-DR.

For cytoplasmic antigens, samples were treated with
a permeabilizing solution (BD Cytofix/Cytoperm, Fisher
Scientific, UK), followed by labeling with 6 upL of
fluorochrome-conjugated antibodies for MPO, TdT, cCD3,
and cCD79a, following the standard operating
procedure. The samples were incubated for 15 minutes
in the dark, followed by the addition of 2 mL of lysing
solution and further incubation for 10 minutes. The
tubes were centrifuged at 1500 rpm for 5 minutes, the
supernatant was discarded, and the cells were washed
twice with 2 mL of BD Cell Wash. The cell pellet was
resuspended in 0.5 mL of CellFIX solution (BD CellFIX,
Fisher Scientific, UK) and the sample was ready for
acquisition and analysis.

Data acquisition was performed using BD FacsDiva
software (BD, Belgium). Gating was done using CD45
expression versus side scatter analysis. Surface antigens
were considered positive if their expression exceeded
20%, while cytoplasmic antigens, CD34, and CD117 had a
threshold limit of 10%.

Statistical analysis was conducted using SPSS version
20 software (IBM Corp., Armonk, NY, USA). The chi-
Square test was used to analyze nominal data, with a P-
value of less than 0.05 considered statistically
significant.

4. Results

A total of 131 newly diagnosed ALL patients were
included in the study, with 64 adult patients and 67
pediatric patients (maximum age of 16 years). The mean
age for the adult group was 32.38 years, while the mean
age for the pediatric group was 6.80 years. In the adult
group, males comprised 40 (62.5%) of the patients,
yielding a male-to-female ratio of 1.6:1. In the pediatric
group, males constituted 44 (65.7%) of the patients, with
a male-to-female ratio of 1.9:1.

The B-ALL phenotype was prevalent in 44 (68.8%) of
the adult patients compared to 51 (76.1%) in the pediatric
group. Despite the higher number of B-ALL patients in
the pediatric group, the difference was not statistically
significant. CD10 expression was observed in 49 (76.6%)
of adult ALL cases, primarily in B-ALL. Lower expression
of CD10 was noted in the pediatric group, particularly in
T-ALL, and this difference was statistically significant (P =
0.039) (Table 1).

Aberrant myeloid antigen expression was seen in 29
(45.3%) of the adult cases, of which 19 (43.2%) were B-ALL,
with the remainder being T-ALL. Similarly, in the
pediatric group, aberrant myeloid expression was found
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Table 1. Immunophenotyping Features of Acute Lymphoblastic Leukemia in the Studied Groups.
Variables Adult Group; (n=64) Pediatric Group; (n=67) P-Value
Age 32.38+14 6.8+4.7 0.72
Male: Female 1.6:1 1.9:1
ALL subtypes 0.43
BALL 44(68.7) 51(76.1)
TALL 20(31.2) 16 (23.8)
Aberrant myeloid Ag expression 29 (45.3) 30(44.8) 0367
BALL 19(29.7) 26(38.8)
TALL 10 (15.6) 4(6)
CD10 Total 49(76.6) 47(70.1) 0.486
B-ALL 39(60.9) 44(65.7) 0.644
T-ALL 10 (15.6) 3(4.5) 0.039
CD34 expression 44(68.7) 49(73.1) 0.582
CD38 expression 46 (71.8) 54(80.6) 0.24
Cytoplasmic TdT 57(89.1) 52(77.6) 0.08
CD56 4(6.3) 2(2.9) 0.372

@ Values are expressed as mean + SD or No. (%).

in 30 (44.8%) of cases, with 26 (50.9%) being B-ALL, and
the remainder being T-ALL (Table 1).

The most commonly expressed aberrant myeloid
antigen in adult ALL cases were CD33, followed by CD13.
In the pediatric group, CD13 was the most commonly
expressed, followed by CD33. The frequency of aberrant
myeloid antigen expression in both groups is
summarized in Table 2. No significant differences were
found between the two groups for any of the aberrant
antigens (Table 2).

HLA-DR was the most frequently expressed marker in
both adult and pediatric patients, with 100% expression,
followed by CD19 and cTdT. A significant difference in
CD20 expression between adults and pediatric patients
was observed (P = 0.006), as shown in Figure 1A.

In T-ALL cases, CD3 and CD7 were expressed in 100% of
cases in both groups. However, there were significant
differences in the expression of CD1a and CD2 between
the adult and pediatric groups, with P-values of 0.007
and 0.05, respectively (Figure 1B).

T-cell antigens were aberrantly expressed in 5
pediatric B-ALL cases, including CD4, CD1a, CD5, and CD2.
In contrast, only 2 adult B-ALL cases showed aberrant
expression of CD2 and CD4. Aberrant B-cell antigen
expression in T-ALL was observed in three adult T-ALL
cases and one pediatric T-ALL case, with aberrant
expression of CD79a. Neither CD19 nor CD20 were
expressed in any of the cases.

5. Discussion

Shiraz E-Med ].2024; 25(11): €143003

ALL is a heterogeneous disease. Prognosis and
personalized therapy are determined by risk
stratification, immunophenotype, cytogenetics, and
molecular markers. However, in Iraq, cytogenetic
studies are not routinely conducted due to limited
resources, making diagnosis and subtyping largely
dependent on immunophenotyping (8, 9). This study
examined the differences in immunophenotypes
between adults and pediatric ALL patients at the time of
diagnosis.

T-cell lineage ALL is classified as a high-risk category.
In our study, the prevalence was higher than reported in
previous studies for both adult (31.2%) and pediatric
(23.8%) groups. Other local and international studies
have reported lower incidence rates, ranging between
20-25% in adults (10, 1) and about 15% in pediatric ALL
cases (12).

When comparing the immunophenotypes of adult
and pediatric B-ALL patients, we found that CD20
expression was significantly higher in adults (64% vs.
35%), consistent with other studies (13, 14). In adults,
CD20 expression is associated with inferior survival, but
this is not observed in children (15). A study involving
353 children with B-cell precursor ALL found that 48% of
patients expressed CD20, and those who did tended to
have better treatment outcomes compared to those
without CD20 expression (15, 16). Anti-CD20 therapies
such as rituximab, obinutuzumab, and atumumab have
shown promise, even with low CD20 expression, by
reducing recurrence and improving survival (17). Several
trials have suggested that adding rituximab to
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Table 2. The Frequency of Aberrant Myeloid Ag Expression in Study Groups *
Myeloid Markers AdultALL (n=64) Pediatric ALL (n =67) P-Value
CD13 15(23) 18(27) 0.651
CD33 18(28) 12 (18) 0.164
CD16 4(6) 11(16) 0.068
CD64 0(0) 1(1) NA
CD117 3(5) 2(3) 0.611
D15 1(2) 0(0) NA
CD11b 4(6) 3(4) 0.652
2Values are expressed as No. (%).
A B-all markers B T-all markers
#100

CD19 Dio  CD20 CD79a

1 Adult ¥ Pediateics

5

Chia CD2 CDh

8 Adult ¥ Pediatric

Figure 1. The rate of membrane Antigen expression in study groups. A, B markers; B, T markers.

aggressive treatments for CD20+ ALL can improve
outcomes and may reduce the need for bone marrow
transplants in pediatric patients (18).

In T-ALL, a notable difference between adult and
pediatric cases was observed in the expression of CDia
and CD2. CD1a is a surface glycoprotein found in cortical
T-ALL and Langerhans cells, but absent in growing and
mature T cells, making it a potential therapeutic target
for T-ALL (19). In this study, over 50% of pediatric T-ALL
cases expressed CD1a, compared to less than 5% in adults.
CD1a+ cortical T-ALL is a common immunophenotype in
newly diagnosed T-ALL, although its clinical significance

remains debated. Some studies suggest that CDia+
patients have a more favorable prognosis, with higher
complete remission and lower recurrence rates (20).
However, other studies have not demonstrated a
significant impact (12).

CD1a has emerged as a new CAR-T cell target, showing
strong cytotoxic effects in preclinical research,
including xenograft models. This approach was effective
in a small percentage of relapsed CDia+ patients, but
resistance mechanisms such as CDia deletion or the
selection of a CDia- subclone have been suggested as
potential challenges (6).
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CD2, a pan-T-cell antigen, is typically expressed early
in the maturation of T cells in the thymus and is present
on all subsets of mature T cells (21). Together with its
ligand, CD58, CD2 co-stimulation activates T cells and
signals the T cell receptors (22). In our study, three-
quarters of pediatric T-ALL cases expressed CD2,
compared to only 40% of adults. Li et al. reported a mean
CD2 expression rate in B-ALL of 0.84% + 0.67%. They also
noted that circulating CD2- T cells were increased in the
peripheral blood of pediatric AML and B-ALL patients,
which was associated with KMT2A gene rearrangement
and an unfavorable outcome (21). A recent study
introduced an allogenic CD2-targeting CART cell
(UCART2), a novel therapy that prevents fratricide and
life-threatening GvHD by biallelic deletion of CD2 and
TRAC. UCART2 effectively kills CD2+ primary human T-
ALL and CD2+ T-ALL and CTCL cell lines in vitro and in
vivo. Pre-clinical data showed that UCART2, when
combined with rhiIL-7-hyFc, results in curative and
durable therapeutic responses (23).

CD10, a common acute lymphoblastic leukemia
antigen (CALLA), is an early marker of B-cell
differentiation and is expressed in most ALL cases.
Research has shown that the majority of these cases
involve childhood precursor B cell malignancies with a
favorable prognosis (24). In our study, CD10 was more
frequently expressed in adults (76.6%) compared to
pediatric patients (70.1%), which is lower than previously
reported by other studies (25). Negative CD10 expression
in B-ALL has been correlated with MLL rearrangement,
which is associated with a poor prognosis (14). A
switchable UniCAR system has been developed to
explore CDIO as a therapeutic target for B-ALL. The
UniCAR platform links T cells to tumor cells via target
modules (TMs). Studies found that UniCAR T cells with
anti-CD10 TM effectively killed B-ALL cell lines and
patient-derived blasts, suggesting CD10 as a potential
therapeutic target (26).

Aberrant  phenotypes, characterized by the
coexpression of non-lineage markers, occur in ALL with
varying frequency and have controversial clinical
significance (27). In our study, we observed a relatively
higher rate of aberrant myeloid antigen expression in
adult B-ALL (43.2%) and T-ALL (50%) compared to
previous studies, which reported rates of 38% and 24%,
respectively (27, 28). While several studies suggest that
these aberrant phenotypes have an uncertain impact on
patient outcomes (30), the recently defined Early T-cell
Precursor ALL (ETP-ALL), which expresses myeloid and/or
stem cell markers, has been associated with a poor
prognosis (29). The variability in aberrant phenotype
expression could be attributed to technical
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inconsistencies, including variations in monoclonal
antibody binding, as well as the lack of standardized
diagnostic criteria, which may lead to the
misclassification of mixed phenotypes (14).

This study has some limitations. The absence of
electronic archiving made it difficult to obtain follow-up
data for comparing patient outcomes and assessing the
significance of phenotypic differences on disease
relapse.

5.1. Conclusions

Our results demonstrated an increase in T-cell
lineage involvement and aberrant antigen expression in
both adult and pediatric ALL. Adults with ALL tend to
exhibit higher levels of CD20 and lower levels of CDia
and CD2 compared to children, markers that are
associated with poorer prognoses.

Footnotes

Authors' Contribution: M. A. A. has designed the
protocol. E. A. S. has collected samples while I. A. B. has
made the analysis. All authors have equal share in
contribution to writing.

Conflict of Interests Statement: The authors
declared that they have no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication. The data are not
publicly available due to personal reasons.

Ethical Approval: The study ethical approval was
provided by at Baghdad Teaching Hospital with no. (EAC-
253664). Jan., 7th, 2014.

Funding/Support: The authors declared that they
have no funding from any source.

References

1. Malard F, Mohty M. Acute lymphoblastic leukaemia. Lancet.
2020;395(10230):1146-62. [PubMed ID: 32247396].
https://doi.org/10.1016/s0140-6736(19)33018-1.

2. Ministry of Health Baghdad. Annual Report Iraqi Cancer Registry.
Min Health Baghdad. 2015.

3. Terwilliger T, Abdul-Hay M. Acute lymphoblastic leukemia: a
comprehensive review and 2017 update. Blood Cancer J. 2017;7(6).
e577. [PubMed ID: 28665419]. [PubMed Central ID: PMC5520400].
https://doi.org[10.1038/bcj.2017.53.

4. Neaga A, Jimbu L, Mesaros O, Bota M, Lazar D, Cainap S, et al. Why Do
Children with Acute Lymphoblastic Leukemia Fare Better Than
Adults? Cancers (Basel). 2021;13(15). [PubMed ID: 34359787]. [PubMed
Central ID: PMC8345615]. https://doi.org/10.3390/cancers13153886.


https://brieflands.com/articles/semj-143003
http://www.ncbi.nlm.nih.gov/pubmed/32247396
https://doi.org/10.1016/s0140-6736(19)33018-1
http://www.ncbi.nlm.nih.gov/pubmed/28665419
https://www.ncbi.nlm.nih.gov/pmc/PMC5520400
https://doi.org/10.1038/bcj.2017.53
http://www.ncbi.nlm.nih.gov/pubmed/34359787
https://www.ncbi.nlm.nih.gov/pmc/PMC8345615
https://doi.org/10.3390/cancers13153886

Al-Saadi EAK et al.

Brieflands

10.

12.

13.

14.

15.

16.

Costa AFO, Menezes DL, Pinheiro LHS, Sandes AF, Nunes MAP, Lyra
Junior DP, et al. Role of new Immunophenotypic Markers on
Prognostic and Overall Survival of Acute Myeloid Leukemia: a
Systematic Review and Meta-Analysis. Sci Rep. 2017;7(1):4138. [PubMed
ID:  28646224].  [PubMed  Central ID:  PMC5482890].
https://doi.org/10.1038/s41598-017-00816-2.

Salvaris R, Fedele PL. Targeted Therapy in Acute Lymphoblastic
Leukaemia. | Pers Med. 2021;11(8). [PubMed ID: 34442359]. [PubMed
Central ID: PMC8398498]. https://doi.org/10.3390/jpm11080715.

Chadha R, Udayakumar DS, Sangwan S, Gore A, Jha B, Goel §, et al.
Cytogenetic Risk Stratification of B-Acute Lymphoblastic Leukemia
and Its Correlation with Other Prognostic Factors. Indian | Hematol
Blood Transfus. 2023;39(1):141-5. [PubMed ID: 36699427]. [PubMed
Central ID: PMC9868015]. https:|/doi.org/10.1007/s12288-022-01541-1.

Al-Kzayer LF, Sakashita K, Matsuda K, Al-Hadad SA, Al-Jadiry MF, Abed
WM, et al. Genetic evaluation of childhood acute lymphoblastic
leukemia in Iraq using FTA cards. Pediatr Blood Cancer. 2012;59(3):461-
7.[PubMed ID: 22238115]. https://doi.org/10.1002/pbc.24055.

Al-Kzayer LF, Sakashita K, Al-Jadiry MF, Al-Hadad SA, Ghali HH, Uyen le
TN, et al. Analysis of KRAS and NRAS Gene Mutations in Arab Asian
Children With Acute Leukemia: High Frequency of RAS Mutations in
Acute Lymphoblastic Leukemia. Pediatr Blood Cancer. 2015;62(12):2157-
61. [PubMed ID: 26222068]. https://doi.org/10.1002/pbc.25683.

Chiaretti S, Zini G, Bassan R. Diagnosis and subclassification of acute
lymphoblastic leukemia. Mediterr | Hematol Infect Dis. 2014;6(1).
€2014073. [PubMed ID: 25408859]. [PubMed Central ID: PMC4235437].
https://doi.org[10.4084/mjhid.2014.073.

Mohammed DJ, Jalal SD, Yassin AK, Mohammed Al, Al-Allawi NA. The
Outcome of Acute Lymphoblastic Leukemia in 109 Adult Iraqi
Patients. Indian | Hematol Blood Transfus. 2021;37(2):264-70. [PubMed
ID: 33867733]. [PubMed Central ID: PMC8012463].
https://doi.org/10.1007/s12288-020-01345-1.

Noronha EP, Marques LVC, Andrade FG, Thuler LCS, Terra-Granado E,
Pombo-de-Oliveira MS. The Profile of Immunophenotype and
Genotype Aberrations in Subsets of Pediatric T-Cell Acute
Lymphoblastic Leukemia. Front Oncol. 2019;9:316. [PubMed ID:
31338319]. [PubMed Central ID: PMC6503680].
https://doi.org[10.3389/fonc.2019.00316.

Zhou ], Wang |, Liu H, Zheng HF, Ma L, Wang PF, et al. [CD20
Expression in Adult Patients with B-lineage Acute Lymphoblastic
Leukemia and Its Prognostic Significance]. Zhongguo Shi Yan Xue Ye
Xue Za Zhi. 2015;23(3):619-22. chinese. [PubMed ID: 26117004].
https://doi.org[10.7534/j.issn.1009-2137.2015.03.003.

Belhadj M, Ben Lakhal F, Elborgi W, Salem Fekih S, Kefi S, Meddeb B, et
al. Immunophenotyping Features Of Tunisian Adult Acute
Lymphoblastic Leukemia Profil Immunophenotypique De La
Leucemie Aigue Lymphoblastique Chez L’adulte En Tunisie. Journal
de I'Information Médicale de Sfax.2021:619-22.

Jeha S, Behm F, Pei D, Sandlund ]T, Ribeiro RC, Razzouk BI, et al.
Prognostic significance of CD20 expression in childhood B-cell
precursor acute lymphoblastic leukemia. Blood. 2006;108(10):3302-4.
[PubMed ID: 16896151]. [PubMed Central ID: PMC1895438].
https://doi.org[10.1182/blood-2006-04-016709.

Naithani R, Asim M, Abdelhaleem M, Punnett A. CD20 has no
prognostic significance in children with precursor B-cell acute
lymphoblastic leukemia. Haematologica. 2012;97(9):e31-2. [PubMed
ID: 22952332]. [PubMed Central ID: PM(C3436223].
https://doi.org/10.3324/haematol.2012.068288.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J
https://doi.org[10.1056/NEJM0a1605085.

Maury S, Chevret S, Thomas X, Heim D, Leguay T, Huguet F, et al.
Rituximab in B-Lineage Adult Acute Lymphoblastic Leukemia. N Engl
Med.  2016;375(11):1044-53.  [PubMed  ID:  27626518].

Jain H, Sengar M, Goli VB, Thorat ], Tembhare P, Shetty D, et al.
Bortezomib and rituximab in de novo adolescent/adult CD20-
positive, Ph-negative pre-B-cell acute lymphoblastic leukemia. Blood
Adv. 2021;5(17):3436-44. [PubMed ID: 34461632]. [PubMed Central ID:
PM(C8525225]. https://doi.org/10.1182/bloodadvances.2020003368.

Riillo C, Caracciolo D, Grillone K, Polera N, Tuccillo FM, Bonelli P, et al.
A Novel Bispecific T-Cell Engager (CD1a x CD3¢e) BTCE Is Effective
against Cortical-Derived T Cell Acute Lymphoblastic Leukemia (T-
ALL) Cells. Cancers (Basel). 2022;14(12). [PubMed ID: 35740552].
[PubMed Central ID: PMC9221015].
https://doi.org[10.3390/cancers14122886.

Leong S, Inglott S, Papaleonidopoulou F, Orfinada K, Ancliff P,
Bartram ], et al. CDi1a is rarely expressed in pediatric or adult
relapsed/refractory T-ALL: implications for immunotherapy. Blood
Adv. 2020;4(19):4665-8. [PubMed ID: 33002130]. [PubMed Central ID:
PMC7556151]. https://doi.org/10.1182/bloodadvances.2020002502.

Li W, Shao L, Ahmed A, Myers D, August K]. Circulating CD2 Negative T
Cells in Pediatric Acute Leukemia. Blood. 2016;128(22):5151.
https://doi.org[10.1182/blood.V128.22.5151.5151.

Li B, Lu Y, Zhong MC, Qian ], Li R, Davidson D, et al. Cis interactions
between CD2 and its ligands on T cells are required for T cell
activation. Sci Immunol. 2022;7(74):eabn6373. [PubMed ID: 35930657].
https://doi.org[10.1126/sciimmunol.abn6373.

Xiang J, Devenport JM, Carter AJ, Staser KW, Kim MY, O’ Neal ], et al. An
“off-the-shelf” CD2 universal CAR-T therapy for T-cell malignancies.
Leukemia. 2023;37(12):2448-56.  https:[/doi.org/10.1038/s41375-023-
02039-z.

Kumar H, Kumar R, Rao RR, Bhardwaj JR. The Cd 10 Marker In The
Investigation Of Acute Lymphoblastic Leukaemia. Med ] Armed Forces
India. 2002;58(1):27-9. [PubMed ID: 27365655]. [PubMed Central ID:
PMC4924112]. https://doi.org/10.1016/s0377-1237(02)80008-9.

Jalal SD, Al-Allawi NAS, Al Doski AAS. Immunophenotypic aberrancies
in acute lymphoblastic leukemia from 282 Iraqi patients. Int | Lab
Hematol. 2017;39(6):625-32. [PubMed ID: 28722319].
https://doi.org/10.111/ijlh.12716.

Mitwasi N, Arndt C, Loureiro LR, Kegler A, Fasslrinner F, Berndt N, et
al. Targeting CD10 on B-Cell Leukemia Using the Universal CAR T-Cell
Platform (UniCAR). Int | Mol Sci. 2022;23(9). [PubMed ID: 35563312].
[PubMed Central ID: PMC9105388].
https://doi.org[10.3390/ijms23094920.

Sharma RK, Purohit A, Somasundaram V, Mishra PC, Kotru M, Ranjan
R, et al. Aberrant myeloid antigen co-expression is correlated with
high percentages of CD34-positive cells among blasts of acute
lymphoblastic leukemia patients: an Indian tertiary care center
perspective. Blood Res. 2014;49(4):241-5. [PubMed ID: 25548757].
[PubMed Central ID: PMC4278005].
https://doi.org[10.5045/br.2014.49.4.241.

Vitale A, Guarini A, Ariola C, Meloni G, Perbellini O, Pizzuti M, et al.
Absence of prognostic impact of CD13 andfor CD33 antigen
expression in adult acute lymphoblastic leukemia. Results of the
GIMEMA ALL 0496 trial. Haematologica. 2007;92(3):342-8. [PubMed ID:
17339183]. https://doi.org/10.3324/haematol.10385.

Karrman K, Johansson B. Pediatric T-cell acute lymphoblastic
leukemia. Genes Chromosomes Cancer. 2017;56(2):89-116. [PubMed ID:
27636224]. https://doi.org/10.1002/gcc.22416.

Shiraz E-Med ].2024; 25(11): €143003


https://brieflands.com/articles/semj-143003
http://www.ncbi.nlm.nih.gov/pubmed/28646224
https://www.ncbi.nlm.nih.gov/pmc/PMC5482890
https://doi.org/10.1038/s41598-017-00816-2
http://www.ncbi.nlm.nih.gov/pubmed/34442359
https://www.ncbi.nlm.nih.gov/pmc/PMC8398498
https://doi.org/10.3390/jpm11080715
http://www.ncbi.nlm.nih.gov/pubmed/36699427
https://www.ncbi.nlm.nih.gov/pmc/PMC9868015
https://doi.org/10.1007/s12288-022-01541-1
http://www.ncbi.nlm.nih.gov/pubmed/22238115
https://doi.org/10.1002/pbc.24055
http://www.ncbi.nlm.nih.gov/pubmed/26222068
https://doi.org/10.1002/pbc.25683
http://www.ncbi.nlm.nih.gov/pubmed/25408859
https://www.ncbi.nlm.nih.gov/pmc/PMC4235437
https://doi.org/10.4084/mjhid.2014.073
http://www.ncbi.nlm.nih.gov/pubmed/33867733
https://www.ncbi.nlm.nih.gov/pmc/PMC8012463
https://doi.org/10.1007/s12288-020-01345-1
http://www.ncbi.nlm.nih.gov/pubmed/31338319
https://www.ncbi.nlm.nih.gov/pmc/PMC6503680
https://doi.org/10.3389/fonc.2019.00316
http://www.ncbi.nlm.nih.gov/pubmed/26117004
https://doi.org/10.7534/j.issn.1009-2137.2015.03.003
http://www.ncbi.nlm.nih.gov/pubmed/16896151
https://www.ncbi.nlm.nih.gov/pmc/PMC1895438
https://doi.org/10.1182/blood-2006-04-016709
http://www.ncbi.nlm.nih.gov/pubmed/22952332
https://www.ncbi.nlm.nih.gov/pmc/PMC3436223
https://doi.org/10.3324/haematol.2012.068288
http://www.ncbi.nlm.nih.gov/pubmed/27626518
https://doi.org/10.1056/NEJMoa1605085
http://www.ncbi.nlm.nih.gov/pubmed/34461632
https://www.ncbi.nlm.nih.gov/pmc/PMC8525225
https://doi.org/10.1182/bloodadvances.2020003368
http://www.ncbi.nlm.nih.gov/pubmed/35740552
https://www.ncbi.nlm.nih.gov/pmc/PMC9221015
https://doi.org/10.3390/cancers14122886
http://www.ncbi.nlm.nih.gov/pubmed/33002130
https://www.ncbi.nlm.nih.gov/pmc/PMC7556151
https://doi.org/10.1182/bloodadvances.2020002502
https://doi.org/10.1182/blood.V128.22.5151.5151
http://www.ncbi.nlm.nih.gov/pubmed/35930657
https://doi.org/10.1126/sciimmunol.abn6373
https://doi.org/10.1038/s41375-023-02039-z
https://doi.org/10.1038/s41375-023-02039-z
http://www.ncbi.nlm.nih.gov/pubmed/27365655
https://www.ncbi.nlm.nih.gov/pmc/PMC4924112
https://doi.org/10.1016/s0377-1237(02)80008-9
http://www.ncbi.nlm.nih.gov/pubmed/28722319
https://doi.org/10.1111/ijlh.12716
http://www.ncbi.nlm.nih.gov/pubmed/35563312
https://www.ncbi.nlm.nih.gov/pmc/PMC9105388
https://doi.org/10.3390/ijms23094920
http://www.ncbi.nlm.nih.gov/pubmed/25548757
https://www.ncbi.nlm.nih.gov/pmc/PMC4278005
https://doi.org/10.5045/br.2014.49.4.241
http://www.ncbi.nlm.nih.gov/pubmed/17339183
https://doi.org/10.3324/haematol.10385
http://www.ncbi.nlm.nih.gov/pubmed/27636224
https://doi.org/10.1002/gcc.22416

