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DSITRIBUTION OF THE DIFFERENT
LYMPHOCYTES SUBPOPULATIONS

• T CD3+ Lymphocytes: 75 %
(900 to 1900/mm³)

• T CD3+ CD4+Lymphocytes  : 40-50 %
(500 to 1200/mm³)

• T CD3+ CD8+ Lymphocytes : 25-30 %
(200 to 800/mm³)

• B Lymphocytes :10-15 %
(100 to 500/mm³)

• NK Lymphocytes : 8-15 %
(70 to 400/mm³)

NB : this book is concerning clinical pathological
diagnosis of lymphoid malignant disorders with
blood disseminations into the blood, the
histological aspects will not be discussed. 

USUAL VALUES
It is important to always think in terms of
absolute value and not in terms of
percentages.

Normal values for adults: 1 to 4 G/l

Lymphocytosis is defined for adults by a
lymphocytes rate > 4 G/l on a hemogram.
Lymphocytosis is considered as chronic if it
persist for more than 3 months.

Normal values depending on the age of children:

• Children < 2 years old
normal lymphocytes count < 11 G/l

• Children aged 2 to 4 years old
normal lymphocytes count < 8 G/l

• Children aged 5 to 10 years old
normal lymphocytes count < 6.5 G/l

Lymphocytosis is defined by a lymphocytes
rate over:

• Infant > 11G/l

• Child > 8 G/l.

Lymphocytosis is a frequent anomaly of
the hemogram, most of the time
unexpected discovered at the white
blood cell. Being without consequence in
many benign cases (in particular in viral
infections), it may also reflect a
circulating phase of a
lymphoproliferative malignancy. This
book reviews the various diagnostic tools
at our disposal to differentiate from a
reactionnal lymphocytosis and a chronic
lymphoproliferative syndrome (CLS). It
emphasizes the importance of the
morphological study of lymphoid cells on
a blood smear, an absolutely necessary
and sometimes sufficient step to
demonstrate a reactional characteristik
cytological aspect or to orientate
towards a lymphoproliferative syndrome
with specific cytology. The
immunophenotyping by flow cytometry
comes as a complementary tool to refine
the diagnosis thanks to the existence of
characteristic phenotypic profiles, based
on the use of specific markers. Finaly,
conventional and molecular cytogenetic
techniques (karyotype and FISH) and
molecular biology (B and T clonality)
enable to clarify the diagnosis for
atypical cases and provide prognostic
elements that are essential for the
therapeutic management of many
lymphoproliferative disorders.
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REACTIONAL LYMPHOCYTOSIS
1) Definition

Unlike malignant lymphocytosis, reactional
lymphocytosis is transitory and may come with or
without hyperbasophilic lymphocytes.

Reactional lymphocytosis without mononucleosis-
like syndrome:
• Infections:

- Whooping cough
. Young child, coughing. 

� . Sometimes very high lymphocytosis
(15 to 50 G/l) with the presence of
small mature lymphocytes, sometimes  
cleaved.

- Carl Smith's disease (infectious acute
lymphocytosis)

� . Child or young adult, sometimes fever,
nasopharyngitis, gastroenteritis.

� . Moderate lymphocytosis.
- Other bacterial infections (rare):
syphilis, rickettsiosis, tuberculosis, brucella.

• Other conditions:
- Serum sickness, autoimmune diseases.
- Immunoallergic reactions to drugs.

• Lymphocytosis after splenectomy: may persist
for several months and often comes with a
thrombocytosis with Howell-Jolly bodies and pear-
shaped red blood cells on the blood smear.

Lymphocytosis with mononucleosis-like syndrome
Presence of hyperbasophilic lymphocytes in
various proportions of the blood smear. 

• Viral infections:
- Infectious mononucleosis due to Epstein-Barr

virus 
(EBV):

� . Child or young adult
� . Asthenia, fever, angina, cervical

lymphadenopathy, sometimes
neutropenia and associated 
thrombocytopenia.

- Infection by cytomegalovirus (CMV):
� . Fever, variable splenomegaly,

pneumopathy, myocarditis,
neurological signs.

- Rubella, mumps, measles, chickenpox.

- HIV primary infection, viral hepatitis, HSV.

• Other infections :
- Parasites: malaria, toxoplasmosis.

- Bacteria (rare): brucellosis, syphilis.

2) Cytology

Hyperbasophilic lymphocytes are large usually
lymphocytes, with a regular nucleus, dense
chromatin, abundant and highly basophilic
cytoplasm (basophilia often in the periphery
enhanced). Differential diagnosis: blasts,
lymphoma cells.

3) Immunophenotyping (rarely required)

Presence of T CD8+ lymphocytosis.
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BCL6 locus Break Apart FISH probe: metaphase and
interphase cells with isochromosome i (3)(q10)

POLYCLONAL  B LYMPHOCYTOSIS
WITH BINUCLEATED LYMPHOCYTES
(PPBL)
1) Definition

This is a rare entity, most commonly observed in
young women (30-50 years old), in a context of
severe tobacco addiction. A tumoral syndrome
(splenomegaly and / or lymphadenopathy) is
sometimes reported with polyclonal
hypergammaglobulinemia of IgM type.
Although the clinical evolution is indolent in most
cases, it preceed sometimes an aggressive 
B-lymphoid malignant disease.

2) Cytology

The lymphoid population is polymorphic with
avariable count of bilobate to binucleated
lymphocytes.

3) Immunophenotyping

Presence of a CD19 + B lymphocytosis without
monotypic restriction.

4) Genetics

This entity is characterized by the presence of  an
extrachromosome long arm i(3)(q10) in 70% of
cases.  A premature chromatin condensation
(PCC) and a chromosome instability can be
observed.
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CHRONIC LYMPHOCYTIC LEUKEMIA 
(CLL)
1) Definition

CLL is defined by a blood lymphocytosis
persisting over three months with monotypic B
lymphocytosis > 5 G / l (WHO classification
2008).

This is a common condition (1 new case per
30,000 population per year in France), which
mainly occurs in adults around 60 years old. 
In 50% of the cases, it comes with
polyadenopathies and sometimes hepato-
splenomegaly.

2) Cytology

Classical CLL: lymphocytes have a monomorphic
aspect, a small size, a regular nucleus, a dense
chromatin and a little cytoplasm. Frequently, a
quite large amount of naked nuclei (Gumprecht
shadows) is noticed.

CLL atypical cytology: cytologic variants of CLL
can be found with irregular, notched or eccentric
(lymphoplasmacytic shape) nuclei or the presence
of prolymphocytes in variable amount.

The Matutes score:

Scatter plots:

Antigen 1 point 0 point

CD5 Positive Negative

CD23 Positive Negative

CD22 ou CD79b Low negative or
low positive

Not low 
expression 

FMC7 Negative Positive

Membrane Ig Low expression Not low 
expression
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3) Immunophenotyping

Presence of a B lymphoid population:  CD19+,
CD5+, CD23+, CD43+, FMC7-, CD79b+ low,
CD20+ low with low monotypic expression of
kappa or lambda surface Ig.

The expression of CD38 with a positivity over 30 %
is a poor prognostic factor (threshold remains
debated).

The Matutes score enables a phenotypic diagnosis
of CLL. 0 or 1 point is assigned for each of the pa-
rameters (see table).

CLL can be affirmed with a Matutes score of 4 or 5.
A score of 3 may correspond to a "CLL atypical phe-
notype," A score below 3 formally rejects a CLL
diagnosis and is in favor of another B chronic lym-
phoproliferative disorder.
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Median of survival and cytogenetic abnormalities
(Dohner H, et al. N Engl J Med.
2000;343:1910-1916)

Frequency of the main cytogenetics abnormalities
and associated median of survival (Dohner H, et
al. N Engl J Med. 2000;343:1910-1916)

Blood karyotype with interstitial deletion of the long arm of chromosome 11 
associated with trisomy of chromosome 12.

Isolated abnormalities 
observed  by  karyotype or
FISH

Frequency
(%)

Median of
survival (month)

del17p 7 32

del11q 18 79

+12 16 114

Normal karyotype 18 111

del13q 55-65 133

5) Genetics

In the context of CLL, cytogenetic can help in the
diagnosis (in cases of atypical clinical, cytologi-
cal or phenotypic presentation) and provides pro-
gnostic arguments that are independent from
other clinical pathological parameters.

Conventional cytogenetic and molecular cytoge-
netic (FISH) are both essential since they provide
complementary informations and can detect clo-
nal chromosomal abnormalities in 80% of cases
including:

• The deletion of the D13S319 locus in 13q14,
of good prognosis when isolated.

• The trisomy of chromosome 12, of intermediate
prognosis.

• The deletion of the ATM-2 locus in 11q22, of
poor prognosis.

• The deletion of the P53 locus in 17p13, also
being of poor prognosis.

• The deletion of the MYB locus in 6q23 and
rearrangement of the IgH locus at 14q32 which
becomes increasingly screened.
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6) Other prognostic factors

- Doubling time of B lymphocytes count 
< 12 months.
- Tyrosine kinase ZAP-70 whose expression is
very often associated with the non-mutated pro-
file of the immunoglobulin heavy chains and with
the expression of CD38.
- Mutational status of immunoglobulin heavy
chains (IgVH): unmutated status is of poor pro-
gnosis.

MONOCLONAL B-CELL
LYMPHOCYTOSIS (MBL)
The new definition of CLL in the 2008 WHO
classification (B lymphocytosis > 5 G/L),
introduced the concept of monoclonal B
lymphocytosis as a step towards CLL.

MBL is defined by the following criteria:

- Presence of a monotypic B-cell population.

- Absolute B lymphocytes count <  5 G/L.

- Presence of a typical CLL phenotype (CD5 +
CD23 +).

- Absence of autoimmune disease, organo-
megalia or clinical signs of evolutivity.

MBL corresponds to a CLL early stage.
The risk of progression towards MBL is estimated
around 1% per year. 

This risk may be depending on the initial
lymphocytosis: a lymphocytosis of less than 1.9
G/l may be associated with no risk or a very little
risk of progressing towards a CLL and a
lymphocytosis greater than 1.9 G/L with a higher
risk requiring closer hematological monitoring.

The prevalence of MBL in the general population
is about 3.5%.

Demonstration by FISH probes of the deletion of the locus
D13S319 in 13q14 in interphase cells

normal cell

normal cell

normal mitosis
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B-CELL PROLYMPHOCYTIC LEUKEMIA
(B-PLL)
1) Definition

B-cell prolymphocytic leukemia is a very rare
pathology occuring in adults around 50 years
old. Classically, a voluminous splenomegaly is
noticed, sometimes with adenopathies associated
with an important lymphocytosis (often greater
than 100 G/L).

2) Cytology

It is cytologically defined according to the FAB
and the WHO classifications by the presence in
the blood of more than 55% prolymphocytes.

Prolymphocytes are lymphoid cells of medium to
large size, with a regular and rounded nucleus, a
dense chromatin presenting a characteristic large
and prominent nucleoli. The cytoplasm is
moderately abundant and moderately basophilic.

3) Immunophenotyping 4) Genetics

There is no clear demonstrated correlation between
isolated cytogenetic abnormalities and the overall
survival of patients. The karyotype in B-cell prolym-
phocytic leukemia is frequently complex and unsta-
ble, with clonal chromosomal number and structural
abnormalities (see table).

Isolated abnormalities 
observed  by  karyotype or FISH Frequency

Deletion of the short arm of a 
chromosome 17 in 17p13 
« locus P53 »

50 %

Deletion of the long arm of a
chromosome 13 in 13q14 
« locus D13S319 »  

27 %

t(11;14)(q13;q32) 20 %

Structural abnomalities involving
chromosomes 1, 6 ?

Trisomy 12 unusual

Lymphoid cells are CD19 +, CD5 ±, CD23 ±,
CD43-, FMC7 + strong, CD79b +, CD20 +
strong, with moderate to strong monotypic 
expression of kappa or lambda surface Ig.
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HAIRY CELL LEUKEMIA (HCL)
1) Definition 

Hairy cell leukemia is a rare blood disease
representing around 2% of all B-cell malignant
diseases. It occurs in adults around 50 years old with
a strong male predominance (80% of the cases). It
is characterized by the presence of a splenomegaly
(3/4 cases), often associated with a neutropenia
with monocytopenia and sometimes a
thrombocytopenia at the level of the blood count.

2) Cytology

The hairy cell is a medium-sized lymphoid cells, with
an oval or more rarely kidney-shaped nucleus, a re-
ticulated chromatin, a clear cytoplasm usually pre-
senting unequally long villosities all around the cell.
This makes the difference with the villous lymphocyte
for which the villi are grouped at one end of the cell.

There are variants of HCL (HCL-v), very rare and
difficult to identify, with a median age of occur-
rence higher than the classical form.
Splenomegaly is present in 85% of the cases, the
hemogram shows a lymphocytosis without mono-
cytopenia.
Lymphoid cells are of medium to large size, with
a round nucleus, an unpacked chromatin with a
prominent nucleoli and a basophilic, more or less
abundant cytoplasm, with villi on the cell border.

3) Immunophenotyping

In this context, immunophenotyping is the me-
thod of choice: the hairy cells are CD19 +,
CD5-, CD23 ±, FMC7 +, CD79b + with mode-
rate to strong monotypic expression of surface
kappa or lambda Ig. Coexpression of the three
markers CD103,  CD11c et CD25 is specific
for the disease.

In the HCL variant form, CD103 and CD11c are
also most often positive, but CD25 is not expres-
sed.

4) Genetics

Cytogenetic is not very informative for hairy cell
leukemia in its classical form (HCL). Because of
the low mitotic index, obtaining  analyzable mi-
toses is difficult. The karyotype is therefore usually
normal, with non-clonal chromosomal abnormali-
ties. However, if there are no specific chromoso-
mal abnormalities in the case of HCL, some
chromosomal abnormalities have been described
involving:
- Number abnormalities: trisomy of chromosomes
5 and 7.
- Structure abnormalities: deletion of P53 locus in
17p13, rearrangement of IgH locus in 14q32,
rearrangement in 14q22-24, abnormalities of
chromosomes 5, 11 and 12 have been descri-
bed.

Special case of hairy cell leukemia in its variant
form (HCL-v): Karyotype is often complex inclu-
ding deletion of the P53 locus in 17p13, translo-
cation t(14;18)(q32;q21) usually described in
follicular lymphoma and translocation
t(2;8)(p12;q24) usually described in Burkitt lym-
phoma.

In cases of difficult diagnosis, a clonality scree-
ning for the IgH genes can be a great help to
confirm the pathology.
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MARGINAL ZONE LYMPHOMA (MZL)
1) Definition

The term “marginal zone lymphoma” includes
three different entities according to the site of
involved. 
MALT lymphoma developed from the mucosa-
associated lymphoid tissues, the splenic marginal
zone lymphoma (SMZL) with or without villous
lymphocytes (SLVL) and the nodal marginal zone
lymphoma. They represent about 10% of B-NHL
and most often affect adults over 60 years old.
The clinical presentation is different depending
on the entity, the splenic form is characterized by
an isolated splenomegaly with the frequent
presence of a monoclonal component.
Dissemination into the blood is variable with a
usually moderate lymphocytosis.

2) Cytology

The lymphoid population is most often
heterogeneous with a majority of medium-sized
cells with a regular or more rarely notched
nucleus, a dense chromatin often presenting
nucleoli, a moderately basophilic and more or
less abundant cytoplasm. Some
lymphoplasmacytic forms (eccentric nucleus) may
also be observed as well as rare villous
lymphocytes.

A more rare but typical cytologic presentation
exists with the observation of medium-sized
lymphoid cells, with a less round and sometimes
horseshoe elongated nucleus, with an abundant
and very clear cytoplasm giving the cell the a
pseudomonocytary or "monocytoid" aspect. 

Classical form:

« Monocytoid » form:

Lymphoma of the splenic marginal zone with
villous lymphocytes (> 20% of villous lym-
phocytes): 

Villous cells are medium-sized lymphoid cells,
with a round nucleus, a dense and sometimes nu-
cleolated chromatin, a moderately abundant and
discretely basophilic cytoplasm, presenting clas-
sical villosities usually grouped at one or several
poles of the cell. 

The presence of these villosities is highly depen-
ding on the quality of the blood smear, they are
less visible in the too spread areas.
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3) Immunophenotyping

Lymphoid cells are  CD19+, CD5- , CD23- ,
CD43-, FMC7+ and CD79b+ with moderate to
strong monotypic expression of kappa or lambda
surface Ig.
Matutes score is typically equal to 0 and most of
the time  < 2.
The profile involving CD5-and CD23- is most com-
monly found in marginal zone lymphoma.

4) Genetics

Cytogenetic allows to identify clonal chromosomal abnormalities. The most 
common chromosomal abnormalities include:

Isolated abnormalities observed by karyotype Frequency

Locus MALT-1 rearrangement in 18q21 25 to 50 %

Trisomy 3q    40 to 85 %

t(11;18)(q21;q21) 25 to 50 %

Trisomy of chromosome 18 28 to 40 %

Trisomy of chromosome 12  18 to 20 %

del(7)(q31-q32)  10 to 40 %

t(1;14)(p22;q32) rarely

Blood karyotype with trisomy of chromosomes 3, 12 and 18, strongly 
suggesting a marginal zone lymphoma.
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4) Genetics

The karyotype is usually normal. The most fre-
quently described chromosomal abnormalities, lis-
ted below, are not specific to the disease but have
an important prognostic value.
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LYMPHOPLASMACYTIC LYMPHOMA (LPL)
AND WALDENSTRÖM
MACROGLOBULINEMIA (WM)
1) Definition

Lymphoplasmacytic lymphoma is a proliferation
of lymphocytes, lymphoplasmocytes and
plasmocytes usually invading the bone marrow,
sometimes the lymph nodes and the spleen. Blood
dissemination is rare, the definition is most often
histological after elimination of other chronical
lymphoproliferatif syndrome like the marginal
zone lymphoma with plasmacytic differentiation.
It is often but not constantly associated with a
monoclonal IgM.

LPL occurs in adults around 60 years old with a
slight male predominance. A tumoral syndrome
is often present with splenomegaly and
polyadenopathies.

The Waldenstrom Macroglobulinemia is a
separate entity of lymphoplasmacytic lymphomas
with medullar infiltration by lymphoplasmocytes
always coming with a IgM monoclonal
gammopathy, whichever its level. This is an
uncommon disease with an indolent evolution.

2) Cytology

Lymphoid cells are of medium size, with a
regular, rounded and more or less eccentric
nucleus, a dense chromatin, a more or less
basophilic cytoplasm of variable abundance.

3) Immunophenotyping

Lymphoid cells are CD19 +, CD5-, CD23-,
CD43, FMC7 and CD79b + ± with moderate mo-
notypic expression of kappa or lambda surface
Ig.

Isolated abnormalities
observed by karyotype Frequency

t(9;14)(p13;q32) 50 % 

Locus MYB deletion in 6q23 21-55 % 

13q14 deletion 10-15 %

Locus P53 deletion in 17p13 10-15 %

Trisomy of chromosome 4 9 %

IgH rearrangement in 14q32 3 %

t(11;18)(q21;q21) Rare cases described
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Blood Karyotype with interstitial deletion of the long arm of chromosome 6 (locus MYB deletion in 6q23)
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FOLL ICULAR LYMPHOMA (FL )
1)Definition 

Follicular lymphoma is a common lymphoma
(1/3 of the B-NHL), affecting adults around 60
years old with a female predominance. Deep and
superficial adenopathies are usual. Bone marrow
involvement is frequent. Blood dissemination is
rare (10% of circulating phase) with a variable
but mostly moderate lymphocytosis. Usually
indolent, the follicular lymphoma may
nevertheless evolue towards an aggressive
lymphoma.

2) Cytology

Lymphoid cells are small to medium-sized, with
an incised nucleus (deep and narrow incision as
on a "coffee bean"), a dense to unpacked
chromatin and a barely visible cytoplasm.

3) Immunophenotyping

Lymphoid cells are typically CD19+, CD5- ,
CD10+, CD23+, CD43-, FMC7+, CD79b+, with
intense monotypic expression of kappa or
lambda surface Ig.

4) Genetics

Around 80% of follicular lymphomas carry the
translocation t(14;18)(q32;q21). Conventional
cytogenetic does not allow to detect all cases of
t(14;18). It is therefore essential to complete by
FISH technique for screening IgH/Bcl2 rearran-
gement, its molecular equivalent.
Additional clonal chromosomal abnormalities can
appear during the disease progression.

Isolated abnormalities
observed by karyotype Frequency

Trisomy of chromosome 7 15 to 20 %

Trisomy of  chromosome 18   15 to 20 %

Locus BCL6 rearrangement in 3q27 10 to 15 %

Locus c-MYC rearrangement in 8q24 7 to 10 %

Locus MYB deletion in 6q23 10 to 15 %

Locus P53 deletion in 17p13 10 to 15 %

Complex karyotype ≥ 6 abnormalities 15 to 20 %
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Blood karyotype with t(14;18)(q32;q21)

IgH/BCL2 Dual Color, Dual Fusion 
Translocation Probe
One mitosis with IgH/BCL2 rearrangement, mo-
lecular equivalent of translocation t(14;18),
confirming the abnomality observed by conven-
tional cytogenetic.
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MANTLE CELL LYMPHOMA (MCL)
1) Definition

The mantle cell lymphoma is a rare entity (about
6% of B-NHL) occurring in adults over 60 years
old with a male predominance. It is often
multidisseminated when diagnosed.
Medullar and blood involvement are usual 
(50-70%).
Lymphocytosis is observed in about half the
cases.

2) Cytology

There are different cytologic presentations:

Typical form: small to medium-sized lymphoid
cells with a more or less regular and slotted nu-
cleus, a dense to spread chromatin often nucleo-
lated and a  weakly basophilic and little
cytoplasm.

Blastic variant form: larger lymphoid cells with a
more or less regular nucleus, a realeased and un-
tied to fine chromatin resembling the one of a lym-
phoblast.
It is common to observe a mixture of small and
large cells. 17

3) Immunophenotyping

Lymphoid cells are CD19+, CD5+, CD23-,
CD43+, FMC7+ et CD79b+ with a moderate to
strong monotypic expression of kappa or lambda
surface Ig.
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4) Genetics

Cytogenetic has an independant diagnostic and
prognostic value and allows to identify chromo-
somal abnormalities in over 85% of mantle cell
lymphomas, especially the t(11;14) involving IgH
and CCND1 genes.
IgH/CCND1 rearrangement leads to overex-
pression of cyclin D1 (cell cycle regulation pro-
tein).
The translocation t(11;14) is easily detectable by
karyotype (conventional cytogenetic) and confir-
med by FISH technique, highlighting its molecular
equivalent, the IgH/CCND1 rearrangement.
However, the translocation t(11;14) is not speci-
fic of mantle cell lymphoma. It can be observed in
other types of lymphomas and is distributed as
follows:

Additional chromosomal abnormalities are so-
metimes associated with t(11;14) and are some-
times considered as a factor of poor prognosis:

Blood karyotype with t(11;14)(q13;q32)

IgH/CCND1 Dual Color, Dual Fu-
sion Translocation Probe:
IgH/CCND1 rearrangement, molecular
equivalent of t(11;14) on interphase and
mitotic cells

Types of malignant disorder t(11;14)
frequency

Mantle cell lymphoma 85 to 90 %

CLL ~5 %

MZL rarely

Myeloma 15 to 20 %

Isolated abnormalities observed 
by karyotype Frequency

Trisomy or rearrangement of the BCL6
locus in 3q27 35 to 50 %

c-MYC locus rearrangement in 8q24 20 to 35 %

1(p13-p31) rearrangement 40 %

Trisomy of chromosome 12 25 %

13q deletion 40 to 55 %

Complex karyotype ≥ 6 abnormalities 15 to 20 %
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DIFFUSE LARGE B-CELL
LYMPHOMA (DLBCL)
1) Definition 

This is the most common lymphoma but blood
invilvement is rare. The average age is around
70 years old. However, it can be observed at any
age (including children). These lymphomas occur
either de novo, or by transformation of a low-
grade B-NHL. 
Medullar infiltration is present in around one third
of the cases. They are already clinically
aggressive lymphomas at discovery with frequent
extra-nodal locations (including digestive tract). 

2) Cytology

Lymphoid cells are very large, with most of the
time an irregular nucleus, a dense to untied
chromatin, a basophilic and moderately
abundant cytoplasm, sometimes containing
vacuoles.

3) Immunophenotyping

Lymphoid cells are CD19 +, CD5 ±, CD23-,
CD43-, FMC7 + and CD79b + with moderate to
strong monotypic expression of kappa or lambda
surface Ig. The positivity of CD10 in 25 to 50%
of the cases is to be noted.

4) Genetics

The karyotype is often complex with clonal chro-
mosomal number and structural abnormalities 
involving most frequently BCL6 in 3q27, c-MYC
in 8q24, IgH in 14q32 and P53 in 17p13. 
The translocation t(14;18) within a complex ka-
ryotype is also observed in more than 15% of
cases. 
The c-MYC rearrangement is considered as a fac-
tor of poor prognosis.
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BURKITT LYMPHOMA
1) Definition 

Burkitt lymphoma, more common in Africa, is a
highly aggressive lymphoma often invilving at extra-
nodal sites or undergoing a leukemic phase. It is
usually found for age HIV+ patients and pediatric
patients. It may also occur more rarely in a purely
medullary with circulating cells called acute leukemia
with Burkitt cells (ALL3 in the former FAB
classification). 

2) Cytology

Blood  circulating cells are usually rare. Lymphoid
cells are of medium size with a regular nucleus,
an untied chromatin, a very basophilic and
moderately abundant cytoplasm containing
vacuoles.  

3) Immunophenotyping

Lymphoid cells are CD19 +, CD5-, CD23-,
CD43, FMC7 + and CD79b + with moderate to
strong monotypic expression of surface kappa or
lambda Ig. Positivity of CD10 and CD38 is most
commonly observed.

4) Genetics 

Demonstrating c-MYC locus rearrangement in 8q24
is essential for the diagnosis of Burkitt lymphoma.
This abnomality is mainly observed in the context of
translocation t(8;14) [80-85% of cases], but also in
variant translocations: t(2;8) [10-15% of cases] and
t(8;22) [5-10%]. 
Additional chromosomal abnormalities are very
commonly observed, leading to a usually very
complex karyotype. The karyotype and FISH
technique are indispensable to the diagnosis. 

The search for B clonality has no added value in this
indication.

Blood karyotype with multiple clonal chromosomal abnormalities including t(8;14).

C-MYC Break Apart FISH Probe: c-MYC
locus rearrangement in 8q24 caused by
t(8;14) on one mitosis.

c-MYC 
rearrangement

c-MYC rearrangement
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21Legend:
CLL: Chronic lymphocytic leukemia 
B-PLL: B-cell prolymphocytic leukemia 
MCL: Mantle cell lymphoma  
MZL: Marginal zone lymphoma 

HCL: Hairy Cell Leukemia  
FL: Follicular lymphoma 
WM: Waldenström macroglobulinemia 
IgS: Immunoglobulin S

USUAL PHENOTYPIC PROFILES OF CHRONIC B CELLS MALIGNANT DISORDERS
CD CLL B-PLL MCL MZL HCL FL WM

CD19 + + + + + + +

CD5 + -/+ + - - - -

CD22 -/+ low + + + ++ + +

CD23 + - - - - -/+ +

lgS + low ++ ++ ++ +++ ++ ++

FMC7 -/+ low ++ ++ ++ +++ ++ -/+

CD79b -/+ low ++ ++ ++ +++ ++ +

CD10 - -/+ - - - + -

CD25 -/+ - - -/+ + (HCL-v : neg) -/+ +

CD11c -/+ - - -/+ + -/+ -

CD103 - - - - + - -

CD43 ++ - ++ -/+ - - -
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SEZARY SYNDROME (SS)
1)Definition 

Sezary syndrome is a rare disease (less than 5%
of cutaneous T cell lymphomas) characterized by
a clonal proliferation of T lymphoid cells with a
very peculiar morphology (Sezary cells) in skin,
lymph nodes and peripheral blood. It occurs in
adults, typically around 60 years old, with a male
predominance.
The clinical overall picture shows a generalized T-
cell lymphoma with cutaneous affection
(erythroderma), tumoral syndrome (lympha-
denopathy), visceral affections in the advanced
stages and blood dissemination.

2) Cytology

The hemogram is usually normal, without
lymphocytosis. Facing any "suspicious" skin
lesions, a blood smear should be done to identify
small or large cells with a "brain shoped nucleus"
nucleus containing deep and sharp indentations,
a dense and nucleoli-free chromatin. The bone
marrow is mostly free of infiltration.

Sezary cells are to be found in areas well
"spread" of the smear (to properly analyze the
appearance of the nucleus).

4) Genetics 

Cytogenetic is poorly informative. Nevertheless
clonal chromosomal abnormalities are more
frequently observed in cases of aggressive or
advanced disease.
There is no evidence of recurrent cytogenetic
abnormalities but the karyotype is often complex
(40 to 70% of cases) with clonal number
(monosomy of chromosomes 9 and 10, trisomy
18) and structural abnormalities (1p32-36, 1q,
2q, 6q22-27, 8q22, 9, 10q23-26, 11, 12q21-
22, 7p11.2-13, 19p13.3 ...).

In cases of difficult diagnosis, screening for TCR
gene rearrangement (T clonality) can be helpful to
confirm the disease.

TT--CCEELLLLSS  MMAALLIIGGNNAANNTT  DDIISSOORRDDEERRSS
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3) Immunophenotyping

The observed profile is of T type, CD2 +, CD3 +,
most often CD4+ + (rarely CD8 +), CD5 +, 
CD7 ± (total or partial loss of expression) and
TCR αβ+.
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3) Immunophenotyping

T lymphoid cells are CD2 +, CD3 +, CD4+
(rarely CD8+), CD5+, CD7- and CD25+.

2) Cytology

The hemogram is variable, with a moderate to
significant (acute and chronic forms) or absent
(lymphoma and indolent forms) lymphocytosis.
Lymphoid cells are polymorphic, fairly large, with
a basophilic cytoplasm, a dense chromatin and a
polylobulated nucleus of foliated appearance
("blooming"- or "Clover"-shaped).

ADULT T-CELL LEUKEMIA /
LYMPHOMA HTLV-1+ (ATLL )
1) Definition 

This is a clonal proliferation of mature T lymphoid
cells whose etiological agent is the human 
HTLV-1 (human T-cell leukemia virus type 1)
retrovirus. It occurs in areas of high viral endemia
(Japan southwestern islands, the Caribbean
region and tropical Africa) and remains
exceptional in other countries. Due to a long
latency in people infected with the virus, the
median age is high (58) with a strong variability
(20-80). The clinical and biological signs are
extremely variable and may associate a lymph
node tumoral syndrome with hepato-
splenomegaly. Systemic affection is common, the
cutaneous affection is variable.

Different clinical forms have been identified:
acute, lymphomatous, chronic and indolent.

The acute form (clinically aggressive) is of very
poor prognosis. HTLV-1 serology is always
positive, and evidence of viral responsibility is
demonstrated by PCR (screening for the clonal
integration of the virus in the genomic DNA of
pathological lymphoid cells).

4) Genetics

Cytogenetic abnormalities are found in more than
90% of cases. The karyotype is often complex
and unstable with:

Structural chromosomal abnormalities: 
• Rearrangement of IgH locus: 
t(14;14)(q11;q32), inv(14)(q11q32), 
del(14)(q11q32)
• Deletion of the long arm of chromosome 6 
observed in 30-50% of cases
• Other: Rearrangements in 1p, 1q, 3q, 7q,
10p, 12q, 13q, 14q, 17p and 21p

Most common number abnormalities: 
• Trisomy of chromosomes 3, 8, 9 and 21
• Monosomy of chromosomes 4, 8, 10 and 22

In cases of difficult diagnosis, the screening for
TCR gene rearrangement (T clonality) can be help-
ful to confirm the disease.
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T-CELL PROLYMPHOCYTIC
LEUKEMIA (T-PLL )
1) Definition

This is a clonal proliferation of mature T lymphoid
cells with dissemination into the blood, bone
marrow, lymph node and organs (liver, spleen,
skin). This is a rare disease (about 2% of T-cells
lymphoproliferative syndroms) occuring around
the age of 65 with a high variability (30 to 94
years) and it remains exceptional before the age
of 50. The presentation is usually aggressive
(rarely indolent) and the clinical overall picture
associates voluminous splenomegaly (75% of
cases), lymphadenopathies and visceral lesions
(especially liver and skin). The evolution is of poor
prognosis with a survival generally less than one
year. 

2) Cytology

The hemogram shows a major lymphocytosis (>
200 G / l in 50% of cases), frequently with
anemia and thrombocytopenia. Diffuse infiltration
into the bone marrow can be observed. 
Typical form with small irregular cells: about 70%
of the cases. 

Lymphoid cells are small to medium sized, with
an irregular nucleus, a dense chromatin with a
prominent nucleoli, a basophilic cytoplasm often
presenting cytoplasmic expansions. 

Other forms: 
Besides the form "typical", there are different
morphological variants: round cell form,
"blooming"-shaped cells form, sezariform cells
form and small round cells form.

3) Immunophenotyping

T cells are CD2 +, CD3 +, CD5 + and CD7 +,
with variable expression of CD4 and CD8. In
most cases, the expression profile is CD4 + CD8-
(60% of cases), more rarely CD4 + CD8 + (25%
of cases) or CD4-CD8 + (15% of cases). 

4) Genetics

The karyotype is often complex and unstable, the
most commonly observed clonal chromosomal
abnormalities are: 

Screening for T clonality has no added value in
this indication.

Isolated abnormalities observed 
by  karyotype Frequency

i(8)(q10), t(8;8)(p23;q11), +8, del(8p) 60 to 90 %

inv(14)(q11q32), t(14;14)(q11;q32) 40 to 75 %

t(X;14)(q28 ;q11)…) < 2 %
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2) Cytology

Lymphoid cells are large, sometimes with a
kidney-shoped nucleus and an abundant
cytoplasm containing a variable amount of large
azurophilic granules.

NK-LGL:
The lymphoid population is characterized by the
non expression of CD3 and the expression of
CD56+, CD16+, CD57± NK markers.

T-  AND NK-CELL LARGE
GRANULAR LYMPHOCYTIC
LEUKEMIA (T- LGL and NK- )
1) Definitions

• T- LGL 
Large granular lymphocytic leukemia (T-LGL) is
defined by persistence (> 6 months) of large
granular lymphocyte (LGL)> 2 G/L (threshold
discussed at 0.5 G/L), in the absence of
identified reactional causes. It represents 2-3% of
lymphoproliferative disorders and occurs most
often between 45 and 75 years old (73% of
cases). The clinical and biological picture
variably associates cytopenias (neutropenia  ±
anemia), hepatosple-nomegaly, autoimmune
signs. Location in the bone marrow is found in 25
to 80% of the cases. The clinical evolution is
usually indolent (cytopenia-related mortality). 

• NK-LGL 
Being more aggressive (tumor syndrome and fast
evolution) it is one of the differential diagnoses
with T-LGL. This rare entity is more commonly
found in people of Asian origin where it is often
associated with Epstein-Barr virus.
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3) Immunophenotyping

T-LGL:
T cell population is CD3+, CD4-, CD8+ (most
often), CD56±, CD16±, CD57+ (80 %). 

A decrease or a loss of expression of CD5
and/or CD7 is variably observed. There are va-
riant forms: CD4 + CD8-, CD4 + CD8 +, CD4-
CD8-. 

4) Genetics

Cytogenetic is poorly informative. There are no
demonstrated recurrent abnormalities. 
Clonal chromosomal number and structural ab-
normalities are described in rare cases. 

In cases of difficult diagnosis, screening for TCR
gene rearrangement (T clonality) can be helpful to
confirm the disease.
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CASE 1: CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)

BLOOD CELL COUNT

LEUKOCYTES (109/l) 32.4 (N : 4.0-10.0)
including lymphocytes (109/l) 26.59 (N : 1.00-4.00)

HEMOGLOBIN (g/dl) 10.6 (N : 12.0-16.0)
VGM (fl) 91 (N : 80-100)

PLATELETS (109/l) 201 (N : 150-450)

CONTEXT

72 years old female patient consulting for asthenia and dyspnea.

CYTOLOGY

The blood smear mainly shows mature small-sized lymphocytes with a
regular nucleus, a dense chromatin associated with naked nuclei
(Gümprecht shadows) in very large amounts. This is in favor of a CLL.

LYMPHOCYTES IMMUNOPHENOTYPING
Flow cytometry (5 colors) on EDTA blood

Proportion of screened cells: 68 %      
CD45+ Expression:           Strong

B LYMPHOID MARKERS (as compared to B lymphocytes)                  

CD19+ CD20+ 85 %     CD19+ CD25+ 19 %      
CD19+ CD5+ 83 %  CD19+ CD103+ 1 %      
CD19+ CD23+ 88 % CD19+ CD11c+ 37 %    
CD19+ FMC7+ 12 % CD19+ CD38+ 17 %      
CD19+ CD79b+ 9 %  CD19+ CD43+ 85 %  
CD19+ CD22+ 66 %      CD19+ CD10+ 0 % 

MATUTES SCORE (/5) : 5

B LYMPHOCYTES
CD19+ 70 %  i.e. 18613/mm3 N : 100 to  500 
CD20+ 68 %  i.e. 18081/mm3

Surface Immunoglobulins
CD19+ kappa light chain      97 %                         
CD19+ lambda light chain        3 %                         

Interpretation: kappa monotypic profile (low expression), in favor
of a B lymphoid proliferation.

CCAASSEE  SSTTUUDDIIEESS

N°3_cahierCERBA_EN:Mise en page 1 12/09/2012 10:57 Page 26



23

IMMUNOPHENOTYPIC CONCLUSION
Evidence of a monotypic  CD19+, CD5+, CD23+, CD43+, FMC7-, CD79b-, CD20+ (weak intensity)
B lymphoid population expressing a kappa light chain of weak intensity. Matutes score of 5/5 is in favor
of a CLL.

WHOLE BLOOD 72 HOURS CULTURE
WITH MITOGENS KARYOTYPE: 
CONVENTIONAL CYTOGENETIC

46,XX,del(11)(q13q24) [2]                  
47,idem,+12 [13]

CONCLUSION OF KARYOTYPE (see karyotype p.7)

All studied mitosis show a structural abnormality: the interstitial deletion of the long arm of a
chromosome 11. In addition, a clonal evolution is observed with the occurrence of a trisomy of
chromosome 12 for 13 of the 15 analyzed mitosis.

FISH: MOLECULAR CYTOGENETIC                                                

FISH probes LSI ATM (11q22.3FITC)/P53 (17p13.1Rdh)
(Vysis) : Image of an interphase cell with 2 red spots (P53
locus on the short arm of chromosome 17 in 17p13) and a
single green spot (deletion of the ATM-2 locus on the long
arm of a chromosome 11 in 11q22).

CONCLUSION FOR FISH (MOLECULAR CYTOGENETICS)

96% of interphase cells observed show the deletion of the ATM-2
locus in  11q22 associated with a trisomy of chromosome 12 for 86%
of the observed cells. Those results confirm the abnormalities observed
in conventional cytogenetics. The karyotype is compatible with CLL
and is considered as a factor of poor prognosis.
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BLOOD CELL COUNT

Hemogram: 
LEUCOCYTES (109/l) 41.2 (N : 4.0-10.0)
including lymphocytes (109/l) 31 (N : 1.00-4.00)

HEMOGLOBIN (g/dl) 12.1 (N : 13.0-17.0)
VGM (fl) 93 (N : 80-100)

PLATELETS (109/l) 154 (N : 150-450)

CONTEXT

70 years old male patient with splenomegaly and isolated lymphocytosis
on the blood count.

CYTOLOGY

The blood smear shows a majority of middle-sized lymphoid cells with a
regular and sometimes eccentric nucleus, a dense and often nucleolated
chromatin and a variably spread and moderately basophilic cytoplasm.

LYMPHOCYTES IMMUNOPHENOTYPING 
Flow cytometry (5 colors) on EDTA blood

Proportion of screened cells: 82 %      
CD45+ Expression:           Strong

B LYMPHOID MARKERS (as compared to B lymphocytes)                     

CD19+ CD20+ 88 %     CD19+ CD25+ 87 %      
CD19+ CD5+ 2 % CD19+ CD103+ 0 %      
CD19+ CD23+ 4 % CD19+ CD11c+ 29 %    
CD19+ FMC7+ 88 % CD19+ CD38+ 5 %      
CD19+ CD79b+ 84 %  CD19+ CD43+ 1 %
CD19+ CD22+ 88 %     CD19+ CD10+ 0 % 

MATUTES SCORE (/5) : 0

B LYMPHOCYTES
CD19+ 87 %   i.e. 26970/mm3 N : 100 to  500 
CD20+ 87 %   i.e. 26970/mm3

Surface immunoglobulins 
CD19+ kappa light chain      1 %                         
CD19+ lambda light chain        99 %                         

Interpretation : lambda monotypic profile (moderate expression),
in favor of a B lymphoid proliferation.

CASE 2: MARGINAL ZONE LYMPHOMA (MZL)
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IMMUNOPHENOTYPIC CONCLUSION
Evidence of a CD19+, CD5-, CD23-, CD43-, FMC7+ strong, CD79b+, CD20+ (stong intensity) mo-
notypic B-cell population expressing a lambda light chain of moderate intensity.
Matutes score of 0/5 is not in favor of a CLL and suggests the option of the circulating phase of a B-
NHL.
As a conclusion, those cytological and phenotypic aspects associated with the overall clinical picture
suggest the circulating phase of a marginal zone lymphoma.

WHOLE BLOOD 72 HOURS CULTURE WITH MITOGENS 
KARYOTYPE: CONVENTIONAL CYTOGENETIC

49, XY, +3, +12, +18 [10]                                   
46, XY [5]                                                                                   

CONCLUSION OF KARYOTYPE

10 of the15 analyzed mitosis show clonal chromosomal number
abnormalities: trisomy of chromosomes 3,12 and 18. This karyotype is
compatible with a marginal zone lymphoma.
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BLOOD CELL COUNT

Hemogram: 
LEUCOCYTES (109/l) 13.6 (N : 4.0-10.0)
including lymphocytes (109/l) 11.7 (N : 1.00-4.00)

HEMOGLOBIN (g/dl) 11.2 (N : 12.0-16.0)
VGM (fl) 79.6 (N : 80-100)

PLATELETS (109/l) 64 (N : 150-450)

CONTEXT

61 years old female patient consulting for polyadenopathies,
splenomegaly and spontaneous hematomas.

CYTOLOGY

The blood smear shows atypical lymphoid cells of middle to large size
with an irregular and curved nucleus, a spread chromatin presenting
one or more clearly visible nucleoli and a moderately basophilic
cytoplasm of variable size.

LYMPHOCYTES IMMUNOPHENOTYPING
Flow cytometry (5 colors) on EDTA blood

Proportion of screened cells: 86 %      
CD45+ Expression:           Strong

B LYMPHOID MARKERS (as compared to B lymphocytes)              

CD19+ CD20+ 100 %      CD19+ CD25+ 56 %      
CD19+ CD5+ 60 % CD19+ CD103+ 4 %       
CD19+ CD23+ 4 % CD19+ CD11c+ 1 %    
CD19+ FMC7+ 60 % CD19+ CD38+ 99 %      
CD19+ CD79b+ 60 %  CD19+ CD43+ 11 % 
CD19+ CD22+ 56 %      CD19+ CD10+ 2 % 

MATUTES SCORE (/5) : 1

B LYMPHOCYTES
CD19+ 57 %   i.e. 6669/mm3 N : 100 to  500 
CD20+ 57 %   i.e. 6669/mm3

Surface Immunoglobulins
CD19+ kappa light chain      97 %                         
CD19+  lambda light chain       3 %                         

Interpretation:  kappa monotypic profile (low expression), in favor
of a B lymphoid proliferation.

CASE 3: MANTLE CELL LYMPHOMA (MCL)
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IMMUNOPHENOTYPIC CONCLUSION
Evidence of a CD19+, CD5+, CD23-, CD43+ weak, FMC7+ strong, CD79b+ strong, CD20+ strong
monotypic B-cell population expressing a kappa light chain of strong intensity. 

As a conclusion, those cytological and phenotypic aspects associated with the overall clinical picture
suggest the circulating phase of a mantle cell lymphoma. 

WHOLE BLOOD 72 HOURS CULTURE WITH MITOGENS 
KARYOTYPE: CONVENTIONAL CYTOGENETIC

45,X,der(X)t(X;11;14)(q27;q13;q32),+1,inv(1)(p36q25),del(2)(q21),
dup(6)(q11q21),del(9)(q32),t(11;14)(q13;q32),             
-13,del(13)(q14),add(14)(p11),-15,-15,+18,add(22)(p13) [cp8]      
46,XX [7]                                                                 

CONCLUSION OF KARYOTYPE

8 of the 15 analyzed mitosis show a very complex karyotype with clonal
chromosomal number and structural abnormalities, including translocation
t(11;14) usually observed in mantle cell lymphoma.

FISH: MOLECULAR CYTOGENETIC    

One mitosis and one interphase cell with2 yellow spots [2 derivative
chromosomes generated by t(11;14)], 1 green spot (the normal
chromosome 14) and 1 red spot (the normal chromosome 11).
IgH/CCND1 Dual Color, Dual Fusion probe (Vysis).

CONCLUSION FOR FISH

20 % of the studied cells show the IgH/CCND1
rearrangement, molecular equivalent of t(11;14).
Those results are compatible with the evolution of
a mantle cell lymphoma.
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BLOOD CELL COUNT

Hemogram:
LEUCOCYTES (109/l) 158.1 (N : 4.0-10.0)
including lymphocytes (109/l) 151.9 (N : 1.00-4.00)

HEMOGLOBIN (g/dl) 10.2 (N : 12.0-16.0)
VGM (fl) 85 (N : 80-100)

PLATELETS (109/l) 84 (N : 150-450)

CONTEXT

81 years old female patient consulting for polyadenopathies and
splenomegaly.

CYTOLOGY

The blood smear shows low-sized lymphoid cells, often with an irregular
and nucleolated nucleus, a clumped chromatin and a moderately
basophilic cytoplasm sometimes exhibiting some cytoplasmic protrusions.

LYMPHOCYTES IMMUNOPHENOTYPING
Cytométrie en flux (5 couleurs) sur sang EDTA

Proportion of screened cells: 77 %      
CD45+ Expression:           Strong

T LYMPHOID MARKERS (as compared to T lymphocytes)

CD3+ CD5+ 100 %         
CD3+ CD7+ 100 %  
CD3+ CD4+ CD8+ 0 % 
CD3+ CD4-  CD8- 0 % 
CD3+ CD25+ 76 %       
CD3+ CD4+ CD25+          82 %       
CD3+ CD8+ CD25+ 0 %       
CD3+ CD16+ 2 %       
CD3+ CD56+ 0 %       
CD3+ CD57+ 0 %       
CD3+ CD56+ CD57+ 0 %       
CD3 TCR alpha-bêta         97 % 
CD3 TCR gamma-delta            3 %       

T LYMPHOCYTES
CD3+ 99 % i.e.   150 381/mm3   N : 900 to1900
CD3+ CD4+ 99 % i.e.   150 381/mm3   N : 500 to1200
CD3+ CD8+ 1 %
CD3+ CD2+ 99 %
CD3+ CD4+ CD7- 0 %

CASE 4: T-CELL PROLYMPHOCYTIC LEUKEMIA (T-PLL)
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IMMUNOPHENOTYPIC CONCLUSION
Evidence of a CD3+CD4+ T lymphocytosis also expressing CD2, CD5, CD7 and CD25 markers. 

As a conclusion, those cytological and phenotypic aspects associated with the overall clinical picture
are compatible with a T-cell prolymphocytic leukemia.

WHOLE BLOOD 72 HOURS CULTURE WITH MITOGENS 
KARYOTYPE: CONVENTIONAL CYTOGENETIC

46,XX,der(6)t(6;?)(p22;?),t(8;8)(p23;q12),t(8;11)(q12;p15), 
del(11)(q14),add(13)(p12),inv(14)(q11q32),+16,        
der(21)t(21;?)(p13;?),-21,add(22)(q13) [cp7]            
46,idem,-22,+mar [cp8]         

CONCLUSION OF KARYOTYPE

All analyzed mitosis show a very complex karyotype with clonal chromosomal
number and structural abnormalities, including translocation t(8;8) and paracentric
inversion of a chromosome 14. This karyotype is compatible with a T-cell malignant
disorder and is considered as a factor of poor prognosis.
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NOTES
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NOTES
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