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ABSTRACT

Background: Acute lymphoblastic leukemia (ALL) is the most common type of neoplastic disorder diagnosed in
childhood. It is the cause of one third of all pediatric malignancies. Immunophenotyping has become extremely
important not only in diagnosis and sub classification of T-ALL but also in the detection of the minimal residual
disease. Immunophynotypic pattern of T-ALL in Sudanese patients have not been addressed before. This study
was designed to characterize immunophenotypic patterns of T-ALL in Sudanese patients. Multiparameter flow
cytometry and CD45/SSC gating were used to analyze the surface and cytoplasmic antigen expressions in 50 cases
of T-ALL during the period January 2017 to April 2017 at Flowcytometry laboratory-Khartoum, Sudan. The
following antigens: CD45, HLA-DR, CD34, CD1a, CD2, surface and cytoplasmic CD3, CD4, CD5, CD7 and
CD8 were used. Results: All T-ALL blasts expressed CD45 with no significant differences between different T-
ALL subtypes, whereas, CD34 showed different expressions. cCD3 (cytoplasmic) and sCD3 (surface) were
studied among the blast population, having mean positivity of 77.7% and 19.2%, respectively in all T-ALL
subtypes, collectively. CD1a was found to have higher positivity among cortical T-ALL, with mean positivity of
81.7%. No significant correlation between gender, and age to T-ALL subtype (P value = 3.75, P value = 5.38),
respectively. CD5 and CD2 were mostly expressed in pre T-ALL with mean positivity of (92.8%) and (55.6%),
respectively. CD5 and CD2 were not expressed in pro T-ALL and have a mean negativity of (20.1%), (7.3%);
respectively. sSCD3 was highly expressed in cases of mature T-ALL with mean (87.7%). Interestingly, our results
revealed that cortical T-ALL is the most predominant subtype among the Sudanese patients (68%). Conclusion:
In summary, we provide immunophenotype Flow cytometric pattern of T-ALL in Sudanese patients and our
findings are shown to be similar to the main immunophenotypic features published in literature. In addition, the
analysis of combining the patterns and intensity of antigen expression is expected to improve the diagnosis of T-
ALL in Sudan.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common type of neoplastic disorder diagnosed in
childhood. It is the cause of one third of all pediatric
malignancies. It is estimated that about 3000 children
develop ALL in USA each year. White children are at
higher risk compared to black ones and males have a
slight superiority.™"

ALL is a heterogeneous disorder which can occur in
childhood and adolescence. The peak age-specific
incidence of disease in children is between 2 and 5 and
its other peak incidence is in old ages. It is characterized
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by abnormal production and proliferation of immature
lymphoblasts in bone marrow (BM), accumulation of
lymphoblasts in lymphoid tissues and peripheral blood.”

It seems that ALL occurs due to a genetic mutation in
DNA structure producing white blood cell (WBC) stem
cells. The two-hit theory has been proposed for ALL,
which means that few children might be born with an
inherent potential for ALL and if they are exposed to
another trigger factor (e.g. environmental factors) they
would develop ALL. Other possible causes of childhood
ALL might be electromagnetic or nuclear radiation,
infections and some chemical agents.!
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Children with acute lymphoblastic leukemia present
bone marrow destruction or extra medullary signs and
symptoms. Fever, fatigue, growth retardation, petechiae,
liver and spleen enlargement, and lymphadenopathy are
some of the most common signs in ALL. Central nervous
system and testicular involvement are rare. ALL might
be suspected in children with abnormal complete blood
cell count and impaired peripheral blood smear.
Biochemistry or coagulation test might be helpful.
Chromosome and cryptogenic  studies and
immunophenotyping provide data for ALL classification.
Although there are not any specific imaging tests to
diagnosis the ALL, chest radiography might display
mediastinal mass and ultrasonography could be helpful
in testicular involvement condition. Bone marrow
aspiration and biopsy confirm ALL diagnosis.*® It is
estimated that up to 90% of pediatric ALL cases are
curable. Traditional prognostic factors in ALL include:
age, WBC count, cytogenesis and response to
treatment.!?

T cell-acute lymphoblastic leukemia accounts for about
15% and 25% of ALL in children and adults,
respectively.?! Patients usually have high white blood
cells count and may show organomegally particularly
mediastinal enlargement and CNS involvement. Flow
cytometry is of great value in identification of different
subtypes and can define the leukemic clone, while
cytogenetic is not informative.??

Flowcytometric immunophenotyping of haematologic
malignancies involving the blood and bone marrow is
rapidly gaining prominence as an adjunct to traditional
morphologic examination and cytochemistry.
Multiparameter flowcytometry allows one to identify and
characterize individual cells in suspension by using
fluorescent-labeled antibodies to cell lineage and
differentiation associated antigens expressed by these
cells. It provides a rapid methodology for the assignment
of cell lineage and stage of differentiation in acute
leukaemia or blast crisis of chronic myeloid leukemia,
this is particularly useful in those cases where the
morphologic and cytochemical examinations do not
clearly indicate lymphoid or myeloid lineage. The role of
flowcytometry in subclassification of ALL was improved
by utilization of a variety of gating strategies including
the use of CD3/side scatter gating.'

Immunophynotypic pattern of T-cell acute lymphoid
leukemia in Sudanese patients have not been explored
before. This study was conducted to characterize
immunophenotypic features of T-ALL presented to the
Flow Cytometry unit at Flowcytometry laboratory in
Khartoum, Sudan. It is one of the main referral Centre
for patients with hematological malignancies and
currently is the only centre running the service of
flowcytometry immunophenotyping of haematological
malignancy in Sudan.
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MATERIALS AND METHODS

The study was conducted at Flowcytometry laboratory of
Khartoum, Sudan, during a period of four months from
January 2017 to April 2017. A total of 50 acute lymphoid
leukemia (T-ALL) cases were immunophenotyped using
4 colors flow cytometer. The analyzed samples were
either of peripheral blood (PB) or bone marrow aspirate
(BMA) according to availability and presence of blast
cells. Morphological examinations to all blood or B.M.
slide films was first done followed by cytochemical
stains.

Venous blood sample: For each patient a 3 ml of venous
blood sample was collected in E.D.T.A. vacutainer
(5ml). Bone marrow aspiration: 2 ml of bone marrow
aspiration was collected in E.D.T.A. (3ml).

The tubes were labeled for analysis. 20 pL of
monoclonal antibody (Immunostep, SL, Spain) was
added into each tube. 100 pulL of sample was added
containing no more than 1 x 10* leukocytes / ml (each
sample was counted by hematology analyzer — SYSMEX
KX-21). Each tube was vortexed for 5 seconds.
Thereafter, incubated at room temperature (18-25 °C) for
15 minutes. A volume of 1.0 ml of the "fix-and-lyse-
mixture was added to the tube and vortexed immediately
for three seconds. The tube was incubated at room
temperature for at least 10 minutes, while protected from
light. Centrifugation of the tubes was done at 150 x g for
5 minutes and the supernatant was discarded. 3.0 mL of
PBS were added. All tubes were centrifuged at 150 x g
for 5 minutes and the supernatant was discarded by
aspiration. The pellets were re-suspended by addition of
0.5mL of 0.1% formaldehyde. All tubes were vortexed
for 5 seconds. Finally, the tubes were analyzed by the
flowcytometer (EPICS XL-MCL 4 colors Beckman
Coulter flowcytometer, Maiami, FL, USA).

Each sample was stained by monoclonal antibodies for
the following antigens: CD1a, CD2, cCD3, sCD3, CD4,
CD5, CD7, CD8, HLA-DR, CD45, CD34 (Immunostep-
SL, Spain).

Depending up on pilot study in the quality control results
(that saved in the Q.C system Il software file) of EPICS
XL Flow cytometer, which adjusted the cut off points
between negative and positive scale for every marker,
positivity was considered when > 30% of the population
expressed the marker. The parentheses were also
recorded for most of the markers.

Statistical analysis
Data was analysed using SPSS 23, correlation tests were
done using Pearson correlation coefficient.

RESULTS

According to the demographic data of the study, age of
patients ranged from 1 to 60 years (mean: 14.38 years)
and the predominant age group was (6-16) years, which
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approximately comprised 58% of cases. There were 36
(72%) males and 14 (28%) females (Figure.1, Figure.2).

Findings of Complete Blood Cells count (CBC) were as
follows:

Hemoglobin (HB): The mean of Hb level for patients of
T-ALL was (9.2g/dl).

TWBC: mean TWBC was 221.1x10°/ml among subtypes
of T-ALL and the lowest mean was 6.8x10°/ml that
presented by the pro T-ALL subtype.

Platelets: The highest mean was 252 X10°/ml, found in
pro T-ALL and the lowest mean was 28.6X10°/ml
showed by mature T-ALL subtype (Table.1).

Immunophenotyping markers

The results of immunophenotypic markers for T-ALL
cases are shown in Table 2. According to
immunophenotypic markers applied in this study, T-ALL
cases were classified in to one case (2%) of pro. T cell,
35 (68%) cases of cortical subtype, 11 (24%) cases of
pre.T cell subtype, and 3 (6%) cases of the mature T. cell
subtype (Table. 3).

HLA-DR: HLA-DR was not expressed in all of cases
CD34: CD34 was positive in 5 (10%) cases and negative
in 45 (90%) cases. Among T-ALL cases, there were 2
cases of cortical T-ALL that were strongly positive
(40%) and 33 cases were negative (73.3%), 2 cases of
Pre-T-ALL were positive (40%), whereas, 9 cases were
negative (20%) and only one case of mature T-ALL was
strongly positive (20%) and 2 cases were negative
(4.4%). The only case of Pro T-ALL was also negative
(2.2%) (Table. 4 & Figure. 3).

CD45: All T-ALL blasts were expressing CD45 with the
mean positivity of 90.8% with low (SSC).

(41-60) yrs
6%

Age groups

Figure 1: The age distribution among T-ALL cases.
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M F
Figure 2: Distribution of gender among T-ALL cases.

CD1la: CD1a was positive in all of the 35 (70%) cases of
cortical T-ALL and negative in the rest of cases 15
(30%) of other T-ALL subtypes.

CD2: CD2 was found to be positive in 30 (60%) cases
and negative in 20 (40%) cases. There were 20 cases of
cortical T-ALL were positive (66.7%) for CD2 and 15
cases were negative (75%). Nine cases of pre-T-ALL
were positive (30%) and 3 cases were negative (15%),
while only One case of Mature-T-ALL was positive
(3.3%) and 2 cases were negative (10%). The pro-T-ALL
case was also negative (5%).

cCD3: All T-ALL blasts were expressing cCD3 with the
mean positivity of 79.25%.

sCD3: sCD3 was positive in 13 (26%) cases and negative
in 37 (74%) cases. Eight cases of cortical T-ALL were
positive (61.5%) and 27 cases were negative (73%). Two
cases of pre-T-ALL were positive (15.3%) and 9 cases
were negative (24.3%), whereas all cases of Mature-T-
ALL were positive (23.1%). The pro-T-ALL case was
negative (2.7%).

CD4:CD4 was found to be positive in 27 (54%) cases
and negative in 23 (46%) cases, 25 cases of cortical T-
ALL were positive (92.6%) and 10 cases were negative
(43.5%). Only one case of pre-T-ALL was positive
(3.7%), 10 cases were negative (43.5%), only One case
of Mature-T-ALL was positive (3.7%) and 2 cases were
negative (8.7%). The pro-T-ALL case was negative
(4.3%).

CD5: CD5 was positively expressed in 48 (96%) cases
and negative in 2 (4%) cases, all cases of cortical T-ALL
were positive (70.8%) and all cases of pre-T-ALL were
also positive (25%). Two cases of Mature-T-ALL were
positive (4.2%) and only one case was negative (50%).
The pro-T-ALL case was negative (50%).

CD7: CD7 was positive in 43 (86%) cases and negative
in 7 (14%) cases. Among different subtypes, 31 cases of
cortical T-ALL were positive (72%) and 4 cases were
negative (57.1%). Nine cases of pre-T-ALL were
positive (21%) and 2 cases were negative (28.6%). For
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the Mature-T-ALL subtype, there were 2 cases positive
(4.7%) and 1 case was negative (14.3%). The pro-T-ALL
was positive (2.3%).

CD8: CD8 was positive in 15 (30%) cases and negative
in 35 (70%) cases, 14 cases of cortical T-ALL were
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positive (93.3%) and 21 cases were negative (60%).
Only one case of Pre T-ALL was positive (6.6%) while
10 cases were negative (28.6%). For the Mature T-ALL
subtype, all 3 cases were negative (8.6%). The pro-T-
ALL was also negative (2.9%).

Table 1: Parameters of complete Blood cells count among different subtypes of T-ALL.

Pro- T Cortical Pre.T cell Mature
cell T.cell
Figure 3: Frequency of CD34 positivity percentage

among T-ALL subtypes.

Mean
TWBC | RBC PLT
. . . 6 3 HB | Granulocytes | Monocytes | Lymphocytes | Blasts
Sub Diagnosis | x10%/pl | x10°/pl | x103/pl o/dl % % % %
Pro. T cell 6.8 3.0 252.0 | 9.40 3.2 0.54 6.56 88.5
Cortical 222.5 3.4 609 |9.21 4.2 1.73 3.32 86.9
Pre. T cell 233.5 3.3 63.8 |9.18 6.1 1.19 6.30 81.9
Mature T.cell | 227.2 2.6 28.7 |9.23 15.2 3.09 3.62 72.9
e o Concerning gender and age groups, no statistical
CD34 positivity % significance correlation was found in relation subtype of
50% T-ALL (P value = 3.74, P value = 5.38, respectively
40% (Table 5, Table 6).
30%
20%
10%
0%
0%

Table 2: The mean percentage of immunophenotyping markers of T-ALL subtypes.

Mean %

SL_Jb . CDla | CD2 | sCD3 | cCD3 | CD4 | CD5 | CD7 | CD8
Diagnosis

Pro. T cell 080 | 7.35 | 3.97 | 87.40 | 1.34 | 20.10 | 91.20 | 2.09
Cortical 81.72 | 56.77 | 19.30 | 77.80 | 56.33 | 90.98 | 81.50 | 32.10
Pre. T cell 15.82 | 55.63 | 21.79 | 80.88 | 17.28 | 92.89 | 67.28 | 10.21
Mature T. cell | 880 | 27.59 | 87.73 | 86.53 | 34.69 | 63.85 | 59.00 | 12.15

Table 3: The frequency of T-ALL sub classification.

Table 5: Gender distribution among the cases and
Sub Diagnosis subtypes (P value = 3.74).*

Subtype Frequency Percent
Pro. T cell 1 2% Sub Diagnosis Gender
Cortical 35 68% M F Total
Pre. T cell 11 24% Pro. T cell Count 0 1 1
Mature T. cell 3 6% ' % of Total | 0.0% | 2.0% 2.0%
Total 50 100% Cortical Count 25 10 35
% of Total | 48.0% | 20.0% | 68.0%
Table 4: CD34 expression in all T-ALL sub Pre T cell Count 9 2 11
classification. % of Total | 18.0% | 6.0% | 24.0%
Count 3 0 3
Subtypes Frequency Percent Mature T cell | 0" s+t | 6.0% | 0.0% | 6.0%
Pro- T cell 0 0% Count 36 | 14 | 50
Cortical 2 40% Total % of Total | 72.0% | 28.0% | 100.0%
Pre T cell 2 40% *P value > 0.05; indicates insignificant correlation
Mature T cell 1 20% between gender and different T-ALL subtype.
Total 5 100%
www.ejbps.com 25
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Table 6: The age distribution among the cases and subtypes (P value = 5.38)*

. . Age Categorized
Sub Diagnosis (1-5) Years | (6-16) Years | (17- 40) Years | (41-60) Years | 'O
Pro. T cell Count 0 1 0 0 1
) % of Total 0.0% 2.0% 0.0% 0.0% 2.0%
Cortical Count 6 20 8 1 35
% of Total 12.0% 38.0% 16.0% 2.0% 68.0%
Pre. T cell Count 1 7 2 1 11
' % of Total 2.0% 14.0% 4.0% 4.0% 24.0%
Mature T cell Count 0 2 L 0 3
% of Total 0.0% 4.0% 2.0% 0.0% 6.0%
Total Count 7 29 11 3 50
% of Total 14.0% 58.0% 22.0% 6.0% 100.0%
*P value > 0.05; indicates insignificant correlation between age and different T-ALL subtype.

A B
3 F i
a‘ '* !ﬂ !
g i f \
dtdbai, | .“ “;
1 1 Ik | TR 160 1868 1 ~ PO S i -
C D |
|14 _
= I UL P
ir i i rl
‘ W/ m LRl
= ‘| b &"il‘ ‘\
':N ‘ "‘ ,‘a"f '
i { L
BTy 'ﬁ: 2500 | TR TTe8% = ‘f"&w"""‘”fﬂ(% TR "':“”*"m To
E |g

cba/cDs |

288128y

i

1

Tae T {een

AR |
CD8-ECD

Figure 4: Immunophenotypic features of a case of 24 yrs old man presented with medistinal mass and high TWBCs
and was diagnosed of T-ALL. The histograms (A - F) show results of immunophenotyping for patient’s population
cells. (A): weak expression of CD45 in the blast region, (B): CD1a positive expression in the blast population, (C):
Negative expression of surface CD3 (sCD3), (D): Positive cells for cytoplasmic CD3, (E): CD4/CD8 double negative
expression gated in the blast population.
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DISCUSSION

We studied the immunophenotype of T-ALL in a cross
sectional study in Sudan. Our findings indicate an almost
similar pattern to that described in previous reports.

Acute lymphoblastic leukemia is the most common form
of childhood leukemia™® with higher incidence in males
than females. T-cell ALL constitutes approximately 25%
of all adult cases of ALL.”? Our findings are in
agreement, as we found that 72% of T-ALL cases were
in children and 2.6 was the male to female ratio.
Similarly, a study done in the United States, has found
that the children ALLs represent 75% of all acute
leukemia cases.

Compared to a peak incidence at 2 to 5 years of Age in a
previous study, two third (58%) of our cases were at age
between 6 - 16 yrs.*'% However, no significant
association we found between the age group of the
patient and the incidence of the disease.

Clinically, most of our patients suffered from fever,
epistaxis, bone pain, fatigue which agrees with a
previous American study in which the commonest
symptoms are fever; fatigue and lethargy, bone and joint
pain, and a bleeding diathesis.!**

CBC results revealed a leukocytosis (mean =
221*10%/L), anemia and thrombocytopenia, which is in
agree with literature. For example, a previous work has
concluded that the most common laboratory
abnormalities in ALL include anemia, thrombocytopenia,
neutropenia, and leucopenia or Leukocytosis, with hyper
leukocytosis (> 100 x 10°%/L) present in approximately
15% of the pediatric patients.”

According to the World Health Organization
classification, acute leukemia is diagnosed by the
presence of more than 30% blast cells in the peripheral
blood or the bone marrow.!" In this study, the mean
percentage of blasts cells was found to be 84.8% among
different subtypes of T-ALL patients. Approximately
half of our patients (44%) were diagnosed with T-ALL
from peripheral blood samples containing more than
30% blasts which applied as the definitive diagnosis of
T-ALL.

The phenotypic heterogenecity of T-cell neoplasms is
well documented and covers the range of phenotypes
expressed during thymic differentiation.'**® Most of T-
ALL cases express more than one T-lineage marker.
Aberrant deletion of one or more pan T-cell antigens is
common in this disease, however, this was suggested to
be a helpful diagnostic finding.!*"

T-ALL is characterized by expression of T-lineage—
associated antigens (CD1a, CD2, CD3 (membrane and
cytoplasm), CD4, CD5, CD7, and CD8) as well as,
CD34.%%%1 |mmunophenotypic features of our subjects
were almost similar to the pattern of T-ALL in literature.
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Our cases showed a small size, medium complexity on
the side scatter (ss), with CD45 strong positive, cCD3
positive and HLA-DR negative cells. CD7 and CD5 were
also expressed in most cells (86%) and (96%),
respectively. CD2 is expressed in (60%) of cells.
Therefore, our findings are in concordance in
considering CD2, cCD3, CD5, CD7 of having a crucial
significant role in the identification of T-lymphoblasts.

CDl1a is expressed by all cortical T-ALL patient cells
and negative in the other subtypes which make it the
most important marker in diagnosis of cortical T-ALL.
CD2 and CD5 are mostly expressed in pre T-ALL and
not expressed in pro T-ALL. sCD3 was highly expressed
in all T-lymphoblasts of mature T-ALL.??

According to our findings, Cortical T-ALL was the most
predominant subtype among the Sudanese patients (68%)
with T-ALL, followed by Pre T-ALL (24%). The other
subtypes were minority among our cases (Table 3).
When comparing our results to other series, we found
that we demonstrated a higher incidence of the cortical
subtype. This is clearly indicated by the presence of 46%
of cortical T-ALL subtype followed by 23% of the
mature T-ALL subtype.” Interestingly, the cortical
subtype followed by the mature T-ALL have the best
prognosis among other subtypes.*!

The HLA-DR antigen is not expressed in T-cell ALL,""]
which is one of phenotypic feature that distinguishes this
acute leukemia from Pre-B-cell ALL and B-cell ALL.
None of our T-ALL cases of T-cell ALL was HLA-DR
positive thus concurring with previous published data in
literature.

CONCLUSION

Flowcytometry is a powerful tool for diagnosis and
classification of T-ALL, as proved by the current study
which enabled us to subclassify T-ALL into proT-ALL,
preT-ALL, cortical T-ALL and mature T-ALL. Our
results were comparable with that of other series. In
summary, we provide an immunophenotypic
characterization of T-ALL for Sudanese patients with
leukemia. Accordingly, Flowcytometry will be applied
as an important tool to diagnose T- ALL. Further studies
correlating together the flowcytometric, and genetic
findings are recommended.
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