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Blood cell development

major types 
of lymphocytes



Three major types of lymphocytes

 B cells

 T cells

 Natural killer (NK) cells 



Lymphoid malignancy B lineage T lineage       NK lineage

Acute lymphoblastic leukemia
– children 82 – 86% 14 – 18%          < 1%
– adults 75 – 80% 20 – 25%          < 1%

Chronic lymphocytic leukemias 95 – 97% 3 – 5%         1 – 2%

Non-Hodgkin lymphomas
– nodal NHL 95 – 97% 3 – 5%            < 2%
– extranodal NHL 90 – 95% 5 – 10%          < 2%
– cutaneous NHL 30 – 40% 60 – 70%          < 2%

Multiple myeloma 100% 0% 0%

B, T, and NK lineage of lymphoid 
malignancies
Different lymphoid malignancies of different lineage origin



 B cells are primary responsible for humoral 
immunity (relating to antibodies)

 T cells are involved in cell-mediated 
immunity. 

Function of B and T cells



B-cells

 Millions of different types of B cells each day

 In the blood and lymphatic system role of 
immune surveillance 

 No production of antibodies until fully activated



Gene rearrangements 
of the antigen receptor 
genes occur during the 
lymphoid proliferation

Gene rearrangements 
of the antigen receptor 
genes occur during the 
lymphoid proliferation



Lymphoproliferative disorders (LPDs)

LPDs refer to several conditions in which lymphocytes are 
produced in excessive quantities.

 Chronic lymphocytic leukemia (most frequent) 25% 
 Acute lymphoblastic leukemia
 Hairy cell leukemia
 lymphomas
 Multiple myeloma
 Waldenstrom’s macroglobulinemia
 Wiskott-Aldrich syndrome
 Post-transplant lymphoproliferative disorder
 Autoimmune lymphoproliferative syndrome (ALPS)
 ‘Lymphoid interstitial pneumonia’



U. Hershberg et E.T. Luning Prak 2015

http://rstb.royalsocietypublishing.org/content/370/1676/20140239
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B-cell and T-cell receptors

Image source: Immunobiology, 5th edition Janeway et al

The variable domain 
of both the TCR 
α-chain and β-chain 
have three hypervariable
regions 



The ability to produce billions of different antibodies in
humans results from the production of variable regions
of light and heavy antibody genes by DNA rearrangement.

http://www.biology.arizona.edu

Heavy chain (IGH)
Light chain    (IGL)

Ig molecules are composed of 
4 polypeptide chains:
2 identical heavy chains
2 identical light chains
Ig protein consists of 2 segments
C and V regions



Schematic representation of an 
Immunoglobulin (IG)
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Stage Heavy chain Light chain

Progenitor (or pre-pro) B cells germline germline

Early Pro (or pre-pre)-B cells undergoes D-J rearrangement germline

Late Pro (or pre-pre)-B cells undergoes V-DJ rearrangement germline

Large Pre-B-cells is VDJ rearranged germline

Small Pre-B cells is VDJ rearranged undergoes V-J 
rearrangement

Immature B cells is VDJ rearranged VJ rearranged

Mature B cells is VDJ rearranged VJ rearranged

Cell development.



B cell development

B-cells: Stepwise rearrangement of V, D, and J gene 
segments



stepwise rearrangement of V, D, and J gene segments

Genes encoding
antigen receptors are 
unique:
-high diversity
-developing
lymphocytes through
V(D)J rearrangement. 

The production of variable regions of heavy 
antibody genes by DNA rearrangement.

Gene rearrangements of 
the antigen receptor
genes occur during the
lymphoid proliferation

These V-J gene rearrangements generate products that are unique in length and 
sequence in each cell resulting in diverse antigen expressing B cells.



The production of variable regions of light and 
heavy antibody genes by DNA rearrangement.



Estimated diversity of human Ig and 
TCR molecules

IgH       Igα Igג TCR α β γ δ
molecules molecules

Number gene segments
V gene segments ~44       ~43     ~38 ~46  ~47    ~6   ~6
D gene segments 27 2             3
J gene segments 6           5        4 53    13      5     4

Combination diversity >2x10 6 2x10 6 <5000

Junctional diversity              ++          + + +     ++    ++   ++++  

Total diversity                                 >10 12 >10 12 >10 12

Unique products of V(D)J rearrangements resulting in diverse antigen expressing B-ce  



Possible variation through recombining 
gene fragments?

Over 15,000,000 combinations of variable, diversity and joining 

gene segments are possible. 

Imprecise recombination and mutation increase the variability 

into billions of possible combinations. 



U. Hershberg et E.T. Luning Prak 2015

http://rstb.royalsocietypublishing.org/content/370/1676/20140239


CTGTGCAAGAG

Van Dongen et al Leucemia 2003



 These V-J gene rearrangements generate 
products that are unique in length and sequence 
in each cell resulting in diverse antigen 
expressing B cells.



CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
………..

http://rstb.royalsocietypublishing.org/content/370/1676/20140239
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Clinically relevant testing

• B-cell versus T-cell malignancy (origine)

• Reactive versus malignant

• New lymphoma versus recurrence

• Assessment of remission and relapse

• Bone marrow involvement

• Evaluation of treatment effectiveness



Analysis Techniques

 Detecting gene rearrangements
of the antigen receptor genes

 Discrimination between clonal and polyclonal 
Ig/TCR gene products



Discrimination between clonal and polyclonal 
Ig/TCR gene PCR products

GeneScanning analysis
☝Fast, accurate, sensitive, monitoring of clonal proliferations
☟ Need sequence equipment

Heteroduplex analysis
☝ Available to most laboratories 
☟ Sensitivity ~5-10% 

NGS (Next Generation Sequencing) analysis
☝ Accurate, easy interpretation, very sensitive, quantitative 
monitoring of clonal proliferations possible
☟ Need NGS equipment, expensive



Design of novel primer sets for 
detection of Ig/TCR rearrangements

BIOMED-2 study (multiplex PCR) 

Ig genes: IGH: VH-JH and DH-JH
IGK: Vκ-Jκ and Kde rearrangements 
IGL: Vλ-Jλ

TCR genes: TCRB: Vβ-Jβ and Dβ-Jβ
TCRG: Vγ-Jγ
TCRD: Vδ-Jδ, Dδ-Dδ, Dδ-Jδ, and Vδ-Dδ



BIOMED-2 clonality strategy

Suspected 
B-cell lymphoma

Suspected lymphoma 
of unknown origin

Suspected
T-cell lymphoma

IGH V(D)J FR1, FR2, FR3
IGH DJ(A)
IGK-VJ and DE

TCRGVJ (A and B)
TCRB V(D)J (A and B)

TCRB DJ



Van Dongen et al Leucemia 2003

CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG
CTGTGCAAGAGCCTCTCTCCACTGGGATCGGGGCCCTTTGACTACTGG



Van Dongen et al Leucemia 2003



J 1.1
J 1.2
J 1.3
J 1.4
J 1.5
J 1.6
J 2.2
J 2.6
J 2.7

β
β
β
β
β
β
β
β
β

GTGGTCTAAGTGTCAACATCCATTC
CTGGTCCAATTGGCAACATCCATTC
TTCAACCGAGTGACAACATCCATTC
CTTGGGTCGAGAGACAGAACCCATAC
CTGAGCTGAGAGGTAGGATCCATTC
GTCCGAGTGACACTGTCCATAC
TCCGACTGGCATGACCCATTC
TCCGACTGGCACGACCCGCTC
GTCCGAGTGCCAATGTCCATTC

(+53)
(+53)
(+55)
(+56)
(+55)
(+58)
(+56)
(+58)
(+52)

3'                                                             5'

Dβ Jβ

V  family primersβ J  primersβ

TCRB tubes A and B
V 2β
V 4
V 5/1
V 6a/11
V 6b/25
V 6c
V 7
V 8a
V 9
V 10
V 11
V 12a/3/13a/15
V 13b
V 13c/12b/14
V 16
V 17
V 18
V 19
V 20
V 21
V 22
V 23/8b
V 24

β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β
β

 
(-204)
(-201)
(-197)
(-201)
(-201)
(-201)
(-198)
(-201)
(-198)
(-201)
(-198)
(-198)
(-198)
(-198)
(-201)
(-198)
(-201)
(-201)
(-193, )
(-201)
(-201)
(-201)
(-197)

inv

 
    AACTATGTTTTGGTATCGTCA
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BIOMED-2 report: Leukemia 2003; 17: 2257-2317

Analysis of TCRB gene rearrangements
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https://doi.org/10.3389/fonc.2019.00449

https://doi.org/10.3389/fonc.2019.00449


Adapted from P. Groenen et al, Front. Oncol., 08 February 2023

NGS analysis

https://www.frontiersin.org/files/Articles/1107171/fonc-13-1107171-HTML/image_m/fonc-13-1107171-g001.jpg


NGS aanalysis

M.E. Arcile et al The Journal of Molecular Diagnostics





From the patient to the analysis

 Selection of material

 Protocol

 Check DNA quality

 Clonality analysis



Examples of cases

 Case 1: Lymphoma? Reactive?

 Case 2: Relapse?

 Case 3: T-cell lymphoma



Case 1

 Female
 63 years
 Lymphoma in dec. 2004
 FR1 polyclonal, FR3 monoclonal
 Feb. 2009 biopsy
 Relapse? 



Case 1: GeneScan analysis of controls
H2O



Case 1: Relapse?

FR3 

12/2004

2/2009
Biopsie
FR3: 152 bp

12/2004
Biopsie
FR3: 152 bp

2000

600



Case 1: Results

Controls ok
B-cell targets: 
IGH(VDJ) FR3  clonal

Conclusion of the molecular results:

Clonal rearrangement of  the IGH gene
was detected in this specimen.
This gene rearrangement profile seems to be identical to the 
one detected in the biopsie of 12/2004 and could confirm 
the relapse of the disease.



Adapted from P. Groenen et al, Front. Oncol., 08 February 2023

https://www.frontiersin.org/files/Articles/1107171/fonc-13-1107171-HTML/image_m/fonc-13-1107171-g002.jpg


Case 2

 Female
 81 years
 Biopsie
 Lymphoma?



Case 2

3/2009
biopsie
FR1
327,348 bp

control

2700

100



Case 2: Results

Controls ok
B-cell targets: 
IGH(VDJ) FR1  clonal

FR2  clonal

Conclusion of the molecular results:

Clonal rearrangements of  the IGH gene 
were detected in this specimen.
This gene rearrangement profile fits to the presence of 
one or two clonal B-cell population/B-NHL.



Adapted from P. Groenen et al, Front. Oncol., 08 February 2023

https://www.frontiersin.org/files/Articles/1107171/fonc-13-1107171-HTML/image_m/fonc-13-1107171-g002.jpg


Case 3: 

Male
75 years
Lymphoma origine?
2 biopsies

First results:
FR1, 2, 3 kappa polyclonal



Case 3: TCRG



Case 3: TCRG



Adapted from P. Groenen et al, Front. Oncol., 08 February 2023

https://www.frontiersin.org/files/Articles/1107171/fonc-13-1107171-HTML/image_m/fonc-13-1107171-g002.jpg


False sequences

240326-0081 147489 1

CCTTCCCATTTTAATTCACT
GCCTTTGTCTTTTCCAAGCC
CCACACAGTCAGACTAACCT
CTGCCACCTGCGCTTCCTG
CCGCTGCCCAGTGGTTGGG
GGAGGGGGACTAGCAGGG
AGGAAACATTTTTGTATCAT
GGTGTAACATTGTGGGGAC
TAGCGGGGGCTCAGAGAGA
GATACGCAGTATTTTGGCC
CAGGC 198 17806 Db2 Jb2-3 12,07 12,07

2

GGAGGTGAGAAGGAAGCCC
CCGGCCTGGTCCATACCCC
ACCACCAACTTGCATAATGG
GGGGTGATGTCACCCACCC
TCCACTCCCCTCAAAGGAG
CAGCTGCTCTGGTGGTCTC
TCCCAGGCTCTGGGGGCG
GACCCATGGGAGGGGCTGT
TTTTGTACAAAGCTGTAACA
TTGTGGGGACAGGGGGCG
CATTAAATGTACATGATGGC
TACACCTTCGGTTCG 225 13458 Db1 Jb1-2 9,12 21,20

3

GCTTAAGGCAGATCTACTAT
TCAATGAATGTTGAGGTGA
CTGATAAGGGAGATGTTCC
TGAAGGGTACAAAGTCTCT
CGAAAAGAGAAGAGGAATT
TCCCCCTGATCCTGGAGTC
GCCCAGCCCCAACCAGACC
TCTCTGTACTTCTGTGCCAG
CAGTCTCTCCATGGGACAG
ATAATTAATGGCTACACCTT
CGGTTCG 200 8600 Vb27 Jb1-2 5,83 27,03

N° Echantillon reads             total Rank Sequence Length      Raw count V-gene J-gene % total reads Cumulative %
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MRD (minimal residual disease) analysis
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