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1. Introduction

Acute lymphoblastic leukemia (ALL) is the most common form of leukemia in child-
ren; constituting 75% of acute leukemia under six years of age, and 80% - 85% of ALL
cases in children are of precursor B-lineage, with good prognosis in children and cure

rate of approximately 80% [1] [2].

1.1. B-Cell Acute Lymphoblastic Leukemia (B-ALL)

B-cell Acute lymphoblastic leukemia (B-ALL) is a neoplasm of lymphoblast which are
of B-cell lineage typically composed of small to medium sized blast cells, moderately
condensed to dispersed chromatin with scanty cytoplasm and inconspicuous nucleoli,

involving the bone marrow and/or blood.

Classification/Subtypes Are Classified According to French-American-British
(FAB) and World Health Organization (WHO)

1) FAB classification for ALL:

Subtyping of the various TYPES of ALL is done according to the French-American-British

(FAB) classification, which was used for all acute leukemia’s.

e ALL-LI: small uniform cells, with inconspicuous nucleoli.

e ALL-L2: heterogeneous population of blasts.

e ALL-L3: large cells with cytoplasmic vacuoles and basophilic cytoplasm.

2) WHO 2008 classification for ALL:

The recent WHO (2008) International panel on ALL recommends that the FAB clas-
sification be abandoned, since it depends on morphology with no clinical or prognostic
relevance. And the WHO advocates the use of the genetics and molecular genetics with
immunophenotypic classification mentioned below.

e 1. Acute lymphoblastic leukemia/lymphoma. Synonyms: Former FAB L1/L2.
e i. Precursor B acute lymphoblastic leukemia/lymphoma.

e ALL with recurrent cytogenetic abnormality:

e t(12;21) (p12, q22) TEL/AML-1.

o t(1;19) (q23; p13) PBX/E2A.

e 1(9;22) (q34; q11) ABL/BCR.

e T (V,11)(V;q23) V/IMLL.

¢ B-ALL with hyperdiploidy.

e B-ALL with hypodiploidy.

e B-ALL not otherwise specified [1].

e Immunological classification of B-ALL.
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e Immune phenotype of B-ALL:

e The phenotype of blasts has prognostic impact in B-ALL. Common B-ALL has the
best prognosis.

e B-ALL marker.

e CD19/cCD79a/TdT/cCD22.

e Divided into pro-B-ALL (early pre-B-ALL), /CD10-).

e Common ALL (CD10+).

e Pre B-ALL (CD10+/—/cytoplasmic IgM).

e Mature B-ALL (CD10+/rarely, CD20+, CD22+, surface IgM+)

e Other marker used to diagnosis of B-ALL (CD34, CD45) [1]-[6].

1.2. Childhood Acute Lymphoblastic Leukemia

Childhood acute lymphoblastic leukemia comprises different biological subtypes of
acute leukemia which is defined by cell morphology, immunophenotype, and genetic

abnormalities, affecting the prognosis, and the treatment protocols.

Immunophenotypic Classification of Childhood All
1) Early pre-ALL

The leukemia cells always express CD19 and almost all cases have cytoplasmic CD22,
CD79a. CD10 and TdT are expressed in 90% of cases and CD34 in more than 75% of
cases. Surface CD22 expression is seen in most cases. And blasts lack expression of sur-
face and cytoplasmic immunoglobulin, and light chains.

2) Pre-B-ALL

The pre B immunophentype is found in approximately 20% - 25% of cases and is de-
fined by presence of cytoplasmic immunoglobulin u heavy chains with absence of sur-
face immunoglobulin.

3) B-Cell ALL (Mature B-ALL)

Mature B-ALL constitutes 2% - 3% of childhood cases and blasts express surface

immunoglobulin ¢ heavy chains plus either K or Alight chains [3].

1.3. Immunoglobulins

Immunoglobulins are glycoprotein molecules which function as antibodies that are
produced by plasma cells in response to an immunoglobulin. All immunoglobulins
have a four chain structure as their basic unit. They are composed of two identical light
chains (23 kD) and two identical heavy chains (50 - 70 kD).

1.3.1. Immunoglobulin Classes

Based on differences in the amino acid sequences in the constant region of the heavy
chains, immunoglobulins can be divided into five different classes. All immunoglobu-
lins within a given class will have very similar heavy chain constant regions. The mo-
noclonality of the immunoglobulin is used as evidence of clonality in lymphoid malig-
nancies. These different types of immunoglobulins are detected by sequence studies or

more commonly by the use of antibodies directed to these differences.
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1. IgG—Gamma heavy chains.
2. IgM—Mu heavy chains.

3. IgA—Alpha heavy chains.
4. IgD—Delta heavy chains.

5. IgE—Epsilon heavy chains.

1.3.2. Immunoglobulin Light Chains
Immunoglobulins have two types of light chains which are kappa and lambda. In each

immunoglobulin only one type of light chain is found. Light chain types are based on
differences in the amino acid sequence in the constant region of the light chain. These
differences are detected by serological means:

1. Lambda light chains.

2. Kappa light chains.

Light chain restriction is another way to confirm clonality [4].

1.4. Definition of Flow Cytometry

Flow cytometry (FC) is a powerful technique for the analysis of multiple parameters
of individual cells within heterogeneous populations what will be studied simulta-
neously. Flow cytometers are used in a range of applications in research and diagnos-
tic laboratories from immunophenotyping, to ploidy analysis, to cell counting and
glycophorin protein GFP expression analysis. The flow cytometer performs this anal-
ysis by passing thousands of cells (which are suspended in sheath fluid) per second
through a laser beam and detecting the light that emits from each cell as it passes
through by detectors. The emitted light is then converted into signals by the elec-
tronics to report cellular characteristics such as size, complexity, and display them
[5].

The monoclonal antibodies used in FC are conjugated with fluoro chromes which are
stimulated by laser beam in the Flowcytometer [6].

These antibodies are against antigens found on the surface, cytoplasm or nuclei of
the studies cells to identify their type.

Role of Flow Cytometric Immunophenotyping in the Diagnosis and
Classification of ALL

Flow cytometric immunophenotyping is important for the distinction between acute
and chronic leukemias and between ALL and AML, identification of lymphoblast li-
neage (B-ALL or T-ALL), and moreover the subtype of ALL (immunological classifica-
tion) and assessing response to treatment, by the detection of minimal residual disease.
Prognosis of ALL depends of the phenotype having significant cytogenetic and mole-
cular abnormalities. For example, B-cell ALL withCD9+, CD10+, CD19+, CD20- or
only partial, CD34— phenotype is a sensitive marker for t (1; 19) (q23; p13). B-cell ALL
with a CD10-, CD15+, CD24- or partial phenotype is associated with MLL abnormali-
ty. However, there is little correlation between immunophenotyping and cytogenetic

and molecular characteristics of the blasts [7] [8].
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2. Materials and Methods

A descriptive cross-sectional study was conducted in Flow Cytometry laboratory for
Leukemia & Lymphoma Diagnosis, Khartoum, Sudan in the period from September
2015 to March 2016. The study included 50 patients with B cell ALL. The samples were
fresh venous blood or bone marrow aspiration samples containing not less than 20%
blast cells. 2 ml of blood or bone marrow (BM) aspirate samples collected in EDTA con-
tainers and were received in the hematology unit after collection and then mixed gently.

2.1. Surface Preparation

All tubes were labeled then 100 ul were pipette into each tube from venous blood or
bone marrow then washed using 1000 ul PBS in centrifuge for 5 min at 500 rpm, and
the supernatant was discharged, 10 ul of Kappa-FITC/Lambda-PE (Immunostep, SL,
Spain) were added and mixed gently, incubated in dark for 10 min at RT then After in-
cubation 1000 ul of lysing solution were added, mixed gently, Incubated for 10 min in
dark and finally samples were analyzed using the Flow Cytometer (4 COLOR EPICS
XL-MCL BECKMAN COULTER, Miami, USA).

2.2. Cytoplasmic Preparation

100 ul of whole blood or BM were added to test tube, then washed using 1000 ul phos-
phate buffer saline (PBS) in centrifuge for 5 min at 500 rpm, the supernatant was dis-
charged, 100 ul of fixative solution were added, then incubated for 10 min in RT, after
that 1000 ul of PBS were added and centrifuged for 5 min in 500 rpm and then super-
natants were discharged s, 100 ul of permeabilization solution were incubated for 5 min
at RT, 10 ul of kappa-FITC/Lambda-PE or Lambda PE were incubated for 10 min in
dark, then it have been washed by PBS and re-suspended in 1000 ul PBS finally analyze

were run by flow cytometer [9]-[13].

2.3. Quality Control

Positivity was considered when 20% or more of the population expressed the marker as
a cut off points between negative and positive scale for every marker. The percentages,
mean fluorescence intensity and the parentheses were also recorded for most of the

markers.

3. Results

In this study we analyzed 50 patients newly diagnosed as B-ALL, 32 patients (64%) were
males and 18 (36%) were females and according to patients’ ages they gave the follow-
ing frequencies: (6%) patients in group (0 - 12 months), (38%) in group (1 - 5) years,
(28%) in (6 - 16) years, (24%) in group (17 - 40) years and (4%) in group (41 - 60) years
(Figure 1).

Regarding the mean of TWBCs count, it was 29 x 10° ¢/cumm in all cases, and
showed different counts in the B-ALL subtypes (PRO: 64 x 10° ¢/cumm, Early PRE: 21

x 10* ¢/cumm, Common: 47 X 10° ¢/cumm, Pre B-ALL: 29 x 10* ¢/cumm and Mature:
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11 x 10° ¢/cumm).

In our study B-ALL subtypes were stated in the study population giving the following
frequencies: 4 (8%) patients PRO B-ALL, 28 (56%) patients early pre B-ALL and 8
(16%) patients common B-ALL, 7 (14%) patients Pre-B-ALL and 3 (6%) patients Ma-
ture B-ALL (Figure 2).

Surface and cytoplasmic immunoglobulins for kappa and lambda were tested in the
study population, while surface immunoglobulin was positive in 10% and negative in
90% of all patients, and was positive in 100% of mature B-ALL and was totally negative
in other subtypes.

Cytoplasmic immunoglobulins were positive in 16% and negative in 84% of all pa-
tients. The study population showed 100% positivity in Pre-B-ALL and 50% in mature
B-ALL. Surface Kappa was positive in 8% of all subtypes and surface lambda was positive
in 4% giving a ratio of 2:1 (kappa:lambda).The expression of cytoplasmic kappa was
positive in 12% and cytoplasmic lambda was positive in 2% cytoplasmic kappa:lambda
ratio of 6:1 (Table 1).

The expression of CD34 was positive in 50% of all cases and the expression was as fol-
low among the different subtypes: Pro-B-ALL (50%), Early pre B-ALL (34%), Common
B-ALL (6%), Pre B-ALL (6%), and showed no expression in mature B-ALL (Figure 3).

Age Group

1 month
H1.5
56-16
B 17-40
®41-60

Figure 1. This figure showed the age groups of the study population.

B-ALL sub types

EPRO

B EARLY PRE
“ COMMON
EpPRE

EMATURE

Figure 2. This figure showed the frequencies of B-ALL subtypes among the study population.
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CD10 was also tested and was positive in 80% of the study population, and showed
no expression in Pro-B-ALL while was 100% positive in common B-ALL, it was also

positive in 50%, 10% and 4% of early pre-B-ALL, pre-B-ALL and mature B-ALL cases
respectively (Figure 4).

Table 1. Frequency between CD10, CD34, cyto (kappa, lambda), surface (kappa, lambda) posi-

tive among diagnosis.

Remark PRO EARLY PRE COMMON PRE MATURE
CD10 0% 89% 100% 71% 66%
CD34 50% 60% 37% 42% 0%
¢ (kappa/lambda) 0% 0% 0% 100% 33%
s (kappa/lambda) 0% 0% 0% 40% 100%
120
100%
100 94% 94%
80
66%
60 T 50%50% I
positive
40 - B negative
20 -
6% 6%
0%
0 T T T T
pro eary pre common pre mature

Figure 3. This figure showed the expression of CD34 remark in B-ALL and subtype.

120
100% 100%

100 90%

80

60 509% 50% B positive

B negative
40
20 109
0 4
0 ; ; ; — - .
pro common eary pre pre mature

Figure 4. This figure showed expression of CD10 in ALL subtype of B-ALL.
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4. Discussion

In this study, we found that most population of B-ALL cases were between 1 - 5 years
age group which came in concordances with other study that showed peak between 3
and 5 years and more common in child than adult [14] [15].

The ratio between males and females was found (1:1.7) this findings was also re-
ported by Ward E., De Santis who showed that ALL is slightly more common in males
than females with higher frequency in male than female; this may be due to the differ-
ence in sample size [15].

Our study confirmed that early pre-B ALL lack cytoplasmic and surface immunog-
lobulin and Kappa and Lambda while pre-B exhibit cytoplasmic immunoglobulin which
agreed with Fatima Bachir et a/ study that indicated the same result [16].

In this study we found that surface immunoglobulin was positive in mature B-ALL
and negative in other subtypes which showed significant result (p-value = 0.000). This
result concordant with Fatima Bachir et a/ that showed 100% of cases with surface Ig
(lambda/kappa) and this emphasizes the importance of immunoglobulin and light chain
testing in B-ALL for sub classification [16].

Several investigators had similar results concerning the expression of cytoplasmic
immunoglobulin in pre B ALL which revealed positive result in all cases (100%) and
found a significant finding (p-value = 0.00) [16]. There are some data suggesting that
the frequency of surface lambda was much higher than kappa (3 to 1) this result disag-
ree with our finding which showed that the surface immunoglobulin kappa was ex-
pressed in 70% of cases with positive light chains while lambda was found in 30%.

CD10 in this study was positive in 80% of all cases and that was considerable high-
er than that reported in other studies, while that was concordant with other studies
[16]-[18] and was found that significant in common B-ALL (p-value 0.000) is showed
92.7% study. The expression of CD34 was negative in mature B-ALL which was sig-
nificant (p-value 0.000), and agreed with Campana, Dario and Frederick [19].

Fatima Bachir et al (2006) had found correlation between subtypes with the clinical
characteristics at presentation and found that the mean TWBCS count was high which
also agreed with our study [16].

5. Conclusion

Surface and cytotoplasmic immunoglobulins (Kappa and lambda) have very important
role in B-ALL sub-classification which necessitates their presence in immunopheno-
typing panel of B-ALL.

Acknowledgements

We are indebted to the staff of Hematology Department (Alneelain University). We
are grateful to the staff of Flow Cytometry Laboratory for Leukemia and Lymphoma
Diagnosis for their collaboration and also the Hematology Department staff in Radia-
tion & n Isotopes Center (RICK), finally special thanks to the patients for being co-

operative.

KD
+%%, Scientific Research Publishing

51



H. A. E. Abdalla et al.

References

(1]

(2]

(3]

(4]
(5]

(8]
(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Jaffe, E.S., Ed. (2010) Pathology and Genetics of Tumours of Haematopoietic and Lympho-
id Tissues. WHO, Geneva.

Bellaoui, H., Khattab, M., et al (2003) Etude du profil Immunologique des leucémiesai-
gueslymphoblastiques de 'enfant au Maroc. Intérét de 1'étude de la coexpression CD34 et
CD10. Biologie & Santé, 3, No. 1.

Hoffbrand, A.V., Catovsky, D., Tuddenham, E.G.D. and Green, A.R., Eds. (2010) Postgra-
duated Hematology. 6th Edition, Blackwell Publishing Ltd.

Schroeder, H.W. (2010) Structure and Function of Immunoglobulins.

Bergeron, M., Nicholson, J.K., Phaneuf, S., Ding, T., Soucy, N., Badley, A.D., Hawley Foss,
N.C. and Mandy, F. (2002) Selection of Lymphocyte Gating Protocol Has an Impact on the
Level of Reliability of T-Cell Subsets in Aging Specimens. Cytometry, 50, 53-61.
http://dx.doi.org/10.1002/cyt0.10092

Gorczyca, W. (2007) Flow Cytometry in Neoplastic Hematology Morphologic-Immuno-
phenotypic Correlation. 3rd Edition, Genzyme Genetics, New York, USA.

Du, M.Q,, Liu, H., Diss, T.C., ef al. (2001) Kaposi Sarcoma-Associated Herpesvirus Infects
Monotypic (IgMA) but Polyclonal Naive B Cells in Castleman Disease and Associated
Lymphoproliferative Disorders. Blood, 97, 2130-2136.
http://dx.doi.org/10.1182/blood.V97.7.2130

Uckun, F.M. (1990) Regulation of Human B-Cell Ontogeny. Blood, 76, 1908-1923.

Loken, M.R., Shah, V.O., Dattlio, K.I. and Civin, C.I. (1987) Flow Cytometric Analysis of
Human Bone Marrow. II. Normalb Lymphocyte Development. Blood, 70, 1316-1324.

Knapp, W., Dorken, B. and Giks, W., et al (1989) Leukocyte Typing IV White Cell Diffe-
rentiation Antigens. Oxford University Press, Oxford, 1094-1110.

Pesando, J.M., Bouchard, L.S. and McMaster, B.E. (1989) CD19 Is Functionally and Physi-
cally Associated with Surface Immunoglobulin. The Journal of Experimental Medicine, 170,
2159-2164. http://dx.doi.org/10.1084/jem.170.6.2159

Schlossman, S.F., Boumsell, L, Gilks, W., et a. Eds. (1995) Leucocyte Typing V: White Cell
Differentiation Antigens. Oxford University Press, Oxford.

Seiter, K., Sarkodee-Adoo, C., Talavera, F., Sacher, R.A. and Besa, E.C., Eds. (2014) Acute
Lymphoblastic Leukemia. Medscape Reference, WebMD.

Orkin, S.H., Nathan, D.G., Ginsburg, D., et al (2014) Nathan and Oski’s Hematology and
Oncology of Infancy and Childhood. 8th Edition, Saunders, Philadelphia, PA, 19103-2899.
Ward, E., DeSantis, C., Robbins, A., Kohler, B. and Jemal, A. (2014) Childhood and Ado-

lescent Cancer Statistics, 2014. CA: A Cancer Journal for Clinicians, 64, 83-103.
http://dx.doi.org/10.3322/caac.21219

Bachir, F., et al (2009) Characterization of Acute Lymphoblastic Leukemia Subtypes in
Moroccan Children. International Journal of Pediatrics, 2009, Article ID: 674801.
http://dx.doi.org/10.1155/2009/674801

Béné, M.C., et al (1999) Impact of Immunophenotyping on Management of Acute Leuke-
mias. Haematologica, 84, 1024-1034.

Shipp, M.A,, et al. (1991) CD10 (CALLA)/Neutral Endopeptidase 24.11 Modulates Inflam-
matory Peptide-Induced Changes in Neutrophil Morphology, Migration, and Adhesion
Proteins and Is Itself Regulated by Neutrophil Activation. Blood, 78, 1834-1841.

Campana, D. and Frederick, G.B. (2000) Immunophenotyping of Leukemia. Journal of
Immunological Methods, 243, 59-75. http://dx.doi.org/10.1016/s0022-1759(00)00228-3

52

K
0:52: Scientific Research Publishing


http://dx.doi.org/10.1002/cyto.10092
http://dx.doi.org/10.1182/blood.V97.7.2130
http://dx.doi.org/10.1084/jem.170.6.2159
http://dx.doi.org/10.3322/caac.21219
http://dx.doi.org/10.1155/2009/674801
http://dx.doi.org/10.1016/s0022-1759(00)00228-3

K2
o xd
%%

Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best service
for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system

Efficient typesetting and proofreading procedure

Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact ojbd@scirp.org



http://papersubmission.scirp.org/
mailto:ojbd@scirp.org

	The Role of Kappa and Lambda in Subclassification of B Cell Lymphoblastic Leukemia in Sudanese Patients Using Flow Cytometry
	Abstract
	Keywords
	1. Introduction
	1.1. B-Cell Acute Lymphoblastic Leukemia (B-ALL)
	Classification/Subtypes Are Classified According to French-American-British (FAB) and World Health Organization (WHO)

	1.2. Childhood Acute Lymphoblastic Leukemia
	Immunophenotypic Classification of Childhood All

	1.3. Immunoglobulins
	1.3.1. Immunoglobulin Classes 
	1.3.2. Immunoglobulin Light Chains

	1.4. Definition of Flow Cytometry
	Role of Flow Cytometric Immunophenotyping in the Diagnosis and Classification of ALL


	2. Materials and Methods
	2.1. Surface Preparation
	2.2. Cytoplasmic Preparation
	2.3. Quality Control

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	References

