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Foreword by Maryalice Stetler-Stevenson

Flow cytometry is a crucial tool in the diagnosis of hematol-
ymphoid neoplasms, determining prognosis and monitoring
response to therapy. Clinical flow cytometric immunopheno-
typing, however, is a complex field requiring extensive expertise
in normal and abnormal patterns before clinical tests can be
appropriately interpreted. Those new to the field are left with
the conundrum of how best to achieve this expertise. At par-
ticular disadvantage is the resident or clinical fellow seeking to
interpret flow cytometric data on a specific patient. The typical
flow cytometry reference text is written in an encyclopedic for-
mat with extensive narrative that is not conducive to looking
up the meaning of unusual test results. Furthermore, the gen-
eral flow cytometry textbook, although a useful reference, can-
not completely cover all the aspects needed to interpret clinical
flow cytometry data. Therefore, Flow Cytometry of Hematological
Malignancies fills a much needed role in hematopathology and
hematology/oncology. The presentation is oriented toward the
diagnostic laboratory in the academic center as well as in the
general hospital.

Flow Cytometry of Hematological Malignancies is organized in a
novel manner that makes it especially useful for the medical stu-
dent and residents/fellows still in training, while still providing a
valuable resource for hematopathologists, hematologists/oncolo-
gists and experts in the field of clinical flow cytometry. It lists anti-
gens typically studied in clinical flow cytometry laboratories, from
CD1 to CD138, followed by a discussion of general as well as flow
cytometric features and hematolymphoid neoplasms expressing
each antigen. Thus, when interpreting a clinical flow cytometry
report, one can easily research an unusual antigen expressed by a

leukemia or lymphoma. This pattern of organization makes more
sense than only presenting lists of neoplastic processes and the
expected flow cytometric findings. One has to first know the diag-
nosis on a particular patient before such a reference can be useful.
Flow Cytometry of Hematological Malignancies also provides the
usual description of typical flow cytometric immunophenotypi-
cal findings in the various hematolymphoid neoplasms. This is
useful as a reference for panel design as well as diagnosis.

Flow Cytometry of Hematological Malignancies is being pub-
lished at a time when the field is expanding rapidly and flow
cytometry is assuming an even greater role in management of
patients with hematolymphoid neoplasia. Dr Ortolani, an out-
standing flow cytometrist, possesses extensive expertise in the
clinical arena. For over 30 years he was employed in the Clinical
Pathology Department of the Venice General Hospital, run-
ning one of the first diagnostic flow cytometry units in Italy. His
main clinical activity was the diagnosis of hematological neo-
plasms, with a particular interest in lymphoproliferative diseases.
Dr Ortolani has also been very active in teaching flow cytome-
try in many national and international courses. He has written
what I believe to be an outstanding textbook covering the essen-
tial aspects of clinical flow cytometry. Dr Ortolani is to be com-
mended for this brilliant contribution that is sure to become a
well-used textbook in clinical centers around the world.

Maryalice Stetler-Stevenson, PhD, MD

Chief, Flow Cytometry Laboratory

National Cancer Institute, National Institutes of Health
Bethesda, MD, USA
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Foreword by Bruno Brando

The European Society for Clinical Cell Analysis (ESCCA) is proud
to present this volume by Dr Claudio Ortolani. Flow Cytometry
of Hematological Malignancies is a benchtop companion for all
who are involved in the complex process of characterization and
diagnosis of leukemias and lymphomas by immunophenotypical
techniques and flow cytometry.

This volume is a useful quick reference text for the matching
of CD antigens with malignant hematological diseases, as defined
by the WHO 2008 classification, taking into account antibody
clones, features and behavior, with particular emphasis on vari-
ant forms and unexpected presentations.

After several decades of clinical and laboratory practice in
this field, Dr Claudio Ortolani has meticulously prepared this

book under the auspices of the ESCCA. It represents a major
achievement for the dissemination of knowledge in one of
the most important specialties within clinical cell analysis,
as the book aims to improve and standardize the diagnostic
process of malignant blood diseases. As a result, communi-
cation between clinicians and laboratory operators should
benefit!

Bruno Brando

ESCCA President

Director, Hematology Laboratory and Transfusion Center,
Legnano Hospital, Milan, Ttaly



Preface and acknowledgments

The cytometric analysis of hematological malignancies is one of
the most difficult applications of flow cytometry, requiring both
a good knowledge of hematopathology and good control of the
technique. Moreover, the effort of operators is made harder by
the continuous evolution of the technology and by the continu-
ous progress in the comprehension of the nature of the diseases.

This book was compiled from a series of notes originally
intended for people practically involved in the field of diagnostic
flow cytometry, and it is an example of what the author would
have liked to consult at the beginning of his own career. The goal
of this book is to offer the reader a quick and updated source of
information on the phenotype of the hematological malignan-
cies recognized by the last WHO classification, with the major
exception of Hodgkin lymphoma which because of its peculiar
nature is still beyond the limits of flow cytometry, even if things
promise to change in the next few years.

The author may have unwittingly sown a number of mis-
takes and imprecisions, and he will be grateful to all colleagues
who report these to him. He also realizes that this book could
not have been written without the help of many friends and col-
leagues. Being unable to cite all of them, the author wants to par-
ticularly thank his friend Bruno Brando, current President of the
European Society for Clinical Cell Analysis, for the continuous
moral and practical support he has given over the years.

Claudio Ortolani MD

Former Director of the Flow Cytometry Unit
Clinical Pathology Department

Venice General Hospital
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CD1 Antigens

General features

CD1 antigens are a group of at least four different glycoproteins,
named CD1la, CD1b, CDIlc and CD1d, which weigh 43—-49kD.
They are encoded by a group of genes situated on the long arm
of chromosome 1 [1] and play a role in the presentation of lipidic
and glycolipidic antigens to NKT cells [1,2].

CD1 antigens are mainly expressed on cells belonging to T and
B lineages and on antigen presenting cells (APC).

As for the T lineage, CD1 antigens have been demonstrated on
the membrane of the cortical or “common” thymocytes [3] and
on the membrane of some T lymphocyte subsets in cord and
neonatal peripheral blood [4]; a low expression of CD1 antigens
can be demonstrated in the cytoplasm of T lymphocytes acti-
vated by phytohemagglutinin (PHA) in vitro [5].

As for the B lineage, both CD1c and CD1d have been demon-
strated on the precursors and on some subsets of mature B lym-
phocytes. More precisely:

+ CDIc has been demonstrated on some subsets of B lym-
phocytes in the peripheral blood [6] 7], in the spleen [6,7] and
in the mantle of the germinal center [6]

+ CDlc+ B lymphocytes account for the majority of B cells in
tonsils [8], in cord blood [4], in the peripheral blood of new-
borns [4], and in the peripheral blood of subjects submitted to
autologous or allogeneic bone marrow transplantation during
the first year following transplant [7]

+ CD1d has been demonstrated on the membrane of bone marrow
B precursors [9] and of B lymphocytes in peripheral blood [10], in
the mantle of the germinal center [10], and in the spleen [11].
Finally, as for the antigen-presenting cells, CD1 antigens have
been demonstrated on many cellular types. More precisely:

+ CD1la has been demonstrated on Langerhans cells [12], where
it is expressed at an intensity of 1600 molecules per cell [13],
on some CDI11b+ CD14+ mononuclear cells reported in the
peripheral blood of burnt subjects and interpreted as Langerhans

Flow Cytometry of Hematological Malignancies, First Edition. Claudio Ortolani.
© 2011 Claudio Ortolani. Published 2011 by Blackwell Publishing Ltd.

cell precursors migrating from bone marrow to epidermis [14],
on monocytes activated with GM-CSF in vitro [15], and on
in vitro monocyte-derived dendritic cells [16]

+ CD1b has been demonstrated on monocytes activated with
granulocyte macrophage-colony stimulating factor (GM-CSF)
in vitro [15] and on a subset of Langerhans cells [17]

+ CDIc has been demonstrated on monocytes activated with
GM-CSF in vitro [15], on Langerhans cells [17], and on a minor
subset of myeloid dendritic cells characterized by CDI1lc++
CD123= phenotype [18]

+ CDId has been demonstrated on “resting” monocytes [10],
on dendritic cells of the dermis [19], and on in vitro monocyte-
derived dendritic cells [19]

+ CDla, CD1b, CDIc and CD1d have been demonstrated in the
“foam cells” of the atherosclerotic plaque [20].

Cytometric features

The cytometric demonstration of molecules belonging to the
CD1 family should be performed while taking the following
points into account:

+ cytometric studies have demonstrated that activated T lym-
phocytes express CD1c on the membrane only when kept at
room temperature, and fail to mount the molecule on the sur-
face when kept at +4 or to +37°C [21]

+ the expression of CDla on the surface of the leukemic blasts
can fluctuate spontaneously after a short period of incubation
in vitro [22].

The antibodies specific for CD1 antigens do not behave in the
same way. It should be kept in mind that CD1a features four dif-
ferent epitopes, the first of which is recognized by clones D47,
Nal/34 and L119, the second by clone 1404, and the third by
clone L504 [23]; it should be noted that CD1a on the cells of B
cell chronic lymphocytic leukemia (B-CLL) can be demostrated
only with clones other than OKT6 or Nal/34 [24].



Antigens

The clones 7C4 and 10T6b recognize CD1b, and show differ-
ent cellular reactivities as well [25].

Diagnostic features

CD1 antigens in neoplastic diseases of B cell precursors
CDI antigens have been demonstrated in some cases of common
acute lymphocytic leukemia [22]. In a group of 80 patients affected
by childhood B lymphoblastic leukemia (B-ALL), the expression
of CDI1d has been demonstrated in 15% of the cases [9]. CD1d
expression is significantly associated with pre-B phenotype, rear-
rangement of the gene MLL, and shorter global survival [9].

CD1 antigens in neoplastic diseases of T cell precursors
CD1 antigens are generally expressed on the cells of T lymphob-
lastic leukemia/lymphoma related to the stage of cortical or
“common” thymocyte [3,22] (Fig. 1.1). According to the EGIL clas-
sification of T lymphoblastic leukemias, CD1 antigens are typically
present in the T III form but missing in the T I, T Il and T IV forms
[26]. If CD13 is negative, the expression of CD1a is related to good
survival [27], while the expression of CDla together with CDI10 is
associated with the presence of the t(5;14) translocation [28].

CD1 antigens in acute myeloid leukemias

The expression of CD1a on the surface of the blasts of the acute
myeloid leukemias has repeatedly been reported [22,29,30].
According to some authors, the expression of CDla and CD1d
is restricted to FAB subtypes characterized by a monocytic com-
ponent [30].

CD1 antigens in neoplastic diseases of mature B cells

The presence of CD1 antigens on the surface of the elements of
the neoplastic diseases of mature B cells has been demonstrated by
different authors. More specifically, the cells of B cell chronic lym-
phocytic leukemia (B-CLL) have been reported to express CDla
[8,24], CDlc [6], and CD1d, whose intensity is more elevated in
the cases without somatic hypermutations [31]; it is noteworthy

that CDla on B-CLL cells can be demostrated only with clones
other than OKT6 or Nal/34 [24].

As for other neoplastic diseases of mature B cells, it has been
reported that B cell prolymphocytic leukemia (B-PLL) cells
express CDl1c [8] [32], that Burkitt lymphoma (BL) cells do not
express CDl1c [6], that hairy cell leukemia (HCL) cells express
CD1a [33] and CDIc [8], and that multiple myeloma (MM) cells
express CD1d in the early stages, but tend to reduce its expres-
sion with disease progression [34].

CD1 antigens in neoplastic diseases of mature

T and NK cells

The expression of CD1 antigens has sporadically been reported
in rare cases of peripheral T cell lymphoma (PTCL) [35].

CD1 antigens in myelodysplastic and chronic
myeloproliferative diseases

The expression of CD1d has been reported on the cells of the juve-
nile myelomonocytic leukemia (JMML) [30]. CDla, CDI1b and
CDlc are expressed on the membrane of the blast cells in the 20%
of cases of chronic myeloid leukemia (CML) in blastic crisis [22].

CD1 antigens in other pathological conditions

CDla, CD1b and CDlc have been demonstrated with immu-
nohistochemical techniques in the Langerhans cell histiocytosis
(LCH) [36,37]. One of the most typical features of the pul-
monary location of Langerhans cell histiocytosis (LCH) is the
occurrence of more than 5% of CD1+ cells in the bronchoalveo-
lar lavage (BAL) liquid [38].

CD1a expression has been reported in an anecdotal case inter-
preted as acute leukemia of Langerhans cell precursors on the
basis of the presence of Birbeck granules and of the ability of
blasts to develop dendritic processes when cultured in vitro [39].

CDla has been demonstrated with immunohistochemical
techniques in the indeterminate dendritic cell tumor (ICT) [40],
but not in the follicular dendritic cell sarcoma (FDCS) nor in the
interdigitating dendritic cell sarcoma (IDCS) [37].
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Figure 1.1 Peripheral blood from a subject affected by T lymphoblastic leukemia (T-ALL). The blasts (red) express the phenotype CD45 dim+, CD1a+, CD3+

(heterogeneous), CD4+, CD8+.



CD2 Antigen

CD2 Antigen

General features

CD2 is a 45-58 kD glycoprotein belonging to the superfamily of
the immunoglobulins, which is encoded by a gene situated on
the short arm of chromosome 1 [41]. CD2 is an adhesion mole-
cule, constitutes the ligand of the CD58 molecule [41], and inter-
acts with CD48 and CD59 molecules as well [42].

CD2 is normally expressed on thymocytes, on whose mem-
brane it begins to appear at the prothymocyte level [43], and on
mature T lymphocytes [44].

Not all mature T lymphocytes co-express CD2. Indeed, it is
well known that in the peripheral blood, small subsets of T lym-
phocytes exist that show CD3+ CD2- phenotype, and are char-
acterized by the expression of T cell receptor (TCR) either with
alpha/beta [45] or gamma/delta chains [46].

The expression of CD2 is not restricted to the T lineage.
Indeed, it is well known that CD2 is expressed:

+ on 70-90% of the NK cells negative for CD3 [47,48], where it
is upregulated by activation [49]

+ on a minority of follicular dendritic cells (FDC) [50]

+ on a subset of mononuclear peripheral cells interpreted as pre-
cursors of myeloid dendritic cells [51]

+ on a subset of peripheral monocytes characterized by the co-
expression of Fc epsilon receptor (FcepsilonRI) [52]

+ on a small subset of B cells in fetal liver [53], in fetal bone mar-
row [53], in thymus [54], in peripheral blood [55], and in the
bone marrow of normal subjects [55].

Cytometric features

The staining of peripheral normal lymphocytes with an anti-
CD2 monoclonal antibody generates a positive histogram with
a narrow gaussian-like peak, clearly separated from the negative
component, with a channel peak representing the presence of
24+7 E03 ABC (antibody binding capacity) [56].

Bimodal histograms can often be seen, especially when
immune system activation is ongoing, because a higher number
of CD2 molecules is expressed on activated cells [57] (Fig. 1.2).

In these cases the CD2 bright+ population tends to show higher
values of forward and side scatter than the CD2 dim+ population.

CD2 bright+ cells nearly exclusively express CD45RO, while
the CD2 dim+ population display either CD45RO or CD45RA
[58]; the staining of CD2+ CD45RA+ cells with an anti-CD2

monoclonal antibody generates a histogram with a channel peak
representing the presence of 214 E03 ABC while the staining
of CD2+ CD45R0+ lymphocytes with the same MoAb gener-
ates a histogram with a channel peak representing the presence
of 559 E03 ABC [56].

In accordance with the state of chronic activation caused by
HIV infection, the lymphocytes of HIV-infected subjects seem to
express a higher amount of CD2 molecules [59], while a reduced
expression has been documented on the lymphocytes of elderly
subjects [60]. According to some authors, the expression of CD2
on NK cells is dishomogeneous, being more intense in the CD16
dim+ CD56 bright+ subset than in the CDI16 bright+ CD56
dim+ subset [61].

Not all the anti-CD2 MoAbs behave in the same way; some
clones are able to inhibit the E-rosette formation [62], while oth-
ers are able to activate T lymphocytes in vitro [63].

Diagnostic features

CD2 in neoplastic diseases of B cell precursors
Depending on the survey, the expression of CD2 has been
reported in 1-4% of the observed cases [68,69,1065].

CD2 in neoplastic diseases of T cell precursors

CD2 is generally expressed on the blasts of the neoplastic diseases
of T cell precursors, but it may be missing in the most immature
forms [64]. According to the EGIL classification of T lymphoblastic
leukemias, CD2 is typically present in the T II, T III and T IV
forms, but is missing in the most immature form, T I [26]. CD2
is generally expressed by the cases with TCR alpha/beta, but only
by some cases with TCR gamma/delta [65,66]; its presence in
childhood cases is correlated with an increased probability of
maintaining complete remission [67].

CD2 in acute myeloid leukemias (AML)

Depending on the survey, the expression of CD2 has been
reported in 3-34% of the observed cases [70-77]. CD2 seems to
be frequently expressed:

+ on the blasts of pediatric AML-M2 negative for translocation
t(8;21) (78]

+ on the promyelocytes of AML-M3, with particular predilection
for the microgranular variant (AML-M3v) [76,79,80], and for the
presence of the “short” type of the PML-RARA fusion gene [77,80]
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« on both the monocytic and non-monocytic neoplastic cells of
AML-M4 [76,81,82]
+ on the blasts of AML-M5 [82].
The presence of CD2 (and also of CD4, CD7 and CD56) on the
blasts of AML is correlated with an increased risk of extramed-
ullary disease (granulocytic sarcoma, and cutaneous, gingival
and meningeal involvement) [83], and with a lower incidence of
complete remission [84]. The CD2 expression has been reported
in cases of AML with morphological anomalies mimicking the
picture of Chediak-Higashi disease (pseudo Chediak—Higashi,
PCH) [85], and in some cases of blastic plasmacytoid dendritic cell
(BPDC) neoplasm [86]. The presence of CD2 on AML-M3 promy-
elocytes correlates with the occurrence of thrombotic events [87].
In AML-M4 with inv(16)/t(16;16), the expression of CD2 is
variable, and has been reported as weaker in cases with fusion
transcript CBFbeta-MYH11 other than type A [1736].

CD2 in neoplastic diseases of mature B cells

Sporadic reports exist signaling the presence of CD2 in isolated
cases of B lineage non-Hodgkin lymphoma [88,89]. Since CD2
has been demonstrated on the surface of normal B lymphocytes
[55], it is theoretically possible that these cases constitute a
clonal expansion of very infrequent normal B cells rather than
an expansion of B cell with an aberrant phenotype.

The expression of CD2 has occasionally been demonstrated
in the sporadic B cell chronic lymphocytic leukemia (B-CLL)
[55], but it seems particularly frequent in familial B-CLL, where
it appears in 13% of the cases [90]; the demonstration of CD2
on the cells of a patient affected by B-CLL suggests that clinical
investigations should be extended to the relatives as well [90].

Furthermore, CD2 has been demonstrated in some cases of
follicular lymphoma (FL) [55], in some cases of diffuse large B
cell lymphoma (DLBCL) [55,91], in some cases of diffuse large
B cell lymphoma associated with pyothorax (PAL) [92], in some
cases of hairy cell leukemia (HCL) [55], and in a case of multiple
myeloma (MM) [93].

CD2 in neoplastic diseases of mature T and NK cells

CD2 is generally expressed on the cells of the neoplastic diseases
of mature T and NK cells, but it may also be missing or expressed
in an aberrant way. In the peripheral T lymphoma not otherwise
specified (PTCLnos), about a third of the cases has been reported
to show an aberrant antigen expression [94,95]. An aberrant CD2
expression has been reported with immunohistochemical methods
in atypical cutaneous T cell infiltrates of subjects affected by myco-
sis fungoides [96], and with flow cytometric methods on neoplas-
tic lymphocytes of subjects affected by Sézary syndrome [97], by
T cell chronic lymphocytic leukemia (T-CLL) and by adult T cell
leukemia/lymphoma (ATLL) [98].

The CD2 expression is more constant in the cases of angio-
immunoblastic T cell lymphoma (AITL) [95], while in T cell large
granular lymphocytic leukemia (T-LGL) it has been reported
either as constant [99] or as variable [100]. The cases of CD8+
cutaneous T cell lymphoma (CD8+ CTCL) with CD2+ CD7-
phenotype show a better prognosis than those with phenotype
CD2- CD7+ [101].

In the neoplastic diseases of mature NK cells, CD2 may be
missing [102] but it has been reported in most cases of chronic
NK cell lymphocytosis (CNKL) [102-104], of aggressive NK cell
leukemia (ANKL) [105,106], and of NK lymphoma [107].

CD2 in myelodysplastic and chronic myeloproliferative
diseases

CD2, which is usually missing on normal mast cells [108], has
been reported together with CD22 and CD25 on the neoplas-
tic mast cells in systemic mastocytosis and mast cell leukemia
[109-111]. Moreover, CD2 has been reported in a third of cases
of chronic myelomonocytic leukemia (CMML) [82].

CD2 in other pathological conditions

CD2 has been demonstrated by immunohistochemical methods
on the membrane of the cells of Langerhans cell histiocytosis
(LCH)[36].
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Figure 1.2 The histogram produced by the cytometric analysis of CD2 is bimodal (A), because the activated CD25+ lymphocytes (red) express more CD2 molecules than

CD25- lymphocytes (blue) (B).
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CD3 Antigen

General features

CD3 is made up of five different chains, i.e. gamma, delta, epsi-
lon, zeta and eta. Chains gamma, delta, epsilon, and eta are
encoded by a gene on the long arm of chromosome 11 [112],
while chain zeta, separately clustered as CD247 [113], is encoded
by another gene on the long arm of chromosome 1 [114]. In
T cells, CD3 transmits the activation signal produced by the
engagement of TCR [115,116].

Stechiometrical ratios between CD3/TCR components have
not yet been completely understood. There is evidence that the
CD3/TCR complex forms a multimeric array together with the
tyrosine-phosphatase CD45, with a tyrosine-kinase, and with
the CD7, which takes part in signal transmission [117].

The expression of the delta and epsilon chains is restricted to
T lymphocytes, with two important exceptions:

+ the fetal and adult activated NK cells, which can contain delta
and epsilon chains in the cytoplasm [118,119]

+ the plasmacytoid dendritic cells, in the cytoplasm of which
epsilon chains have been demonstrated [120].

An isolated report exists, according to which eosinophils express
low levels of CD3 together with a functional gamma/delta
TCR [121].

As a rule, gamma and zeta chains are present in NK cells
as well [122], as either homodimers or heterodimers [123].
In NK cells, both chains are not covalently linked with the
transmembrane tail of the CDI16, and transmit the signal
produced by the linkage between CD16 and the IgG crys-
talizable fragment [124-126]. Signal transduction by zeta
chain is carried out by the intracytoplasmic protein ZAP-70
[127,128].

During normal T cell maturation, the CD3 appears in the
cytoplasm at the prothymocyte level, but is only expressed
on the membrane from the common thymocyte stage on
[3,129-134].

During normal T cell maturation, the TCR and the CD3
complex are assembled together before they are expressed
on the surface [135]; consequently, the TCR is not normally
expressed on the membrane in the absence of CD3, and vice
versa [136,137].

CD3 has been demonstrated with immunohistochemical
methods in the cytoplasm of Warthin—Finkeldey polykaryo-
cytes, which can be seen in tonsils during the measles prodromic
period, and are probably derived from T lymphocytes [138].

Cytometric features

Almost all anti-CD3 monoclonal antibodies are specific for an
epsilon chain epitope [139,140]. The staining of peripheral nor-
mal lymphocytes with an anti-CD3 epsilon monoclonal antibody
generates a positive histogram with a narrow gaussian-like peak,
clearly separated from the negative component, with a channel
peak representing the presence of 577 E03 ABC [56].

Evidence does exist that the number of CD3 epsilon chains
is not the same for every T lymphocyte, but is particularly high
on gamma/delta T cells [141], which express roughly 116+15 E3
ABC per cell [142].

Among peripheral T lymphocytes, CD3 expression tends to vary
depending on the T lymphocyte subset. Evidence does exist that,
in comparison to CD8 bright+ T lymphocytes, the CD3 mean
fluorescence intensity (MFI) of positive cells is almost twice as
intense in CD4+ T cells, while T CD8 dim+ lymphocytes behave
similarly to CD4+ lymphocytes. This behavior does not depend
on cellular dimensions, inasmuch as in CD4+ lymphocytes scatter
values are even lower than in CD8 bright+ ones [58].

A reduced expression of CD3 has been reported in other cases:
+ in alveolar T cells, with a negative modulation greater for
CD4+ cells [143]

- in activated T cells that infiltrate nasal polyps [144]

« in intrathyroidal T lymphocyte subsets in autoimmune thyroid
disease [145]

+ in intestinal intraepithelial T lymphocytes [146]

+ in T cells of patients given OKT3 rescue treatment for kidney
rejection [147]

+ in T cells of patients with HIV infection [59,148]

« in T cells of aged subjects [60]

+ in a minor subset of peripheral T lymphocytes characterized by
low CD4 expression, and positivity for CD25 and HLA-DR [149].
This CD3 downmodulation might be due to the activation state
common to the great majority of the cases reported; it is impor-
tant to bear in mind that a CD3 downmodulation can be caused
by apoptosis as well [150].

In some cases, the positive histogram can appear with a bimodal
shape, mostly due to the presence of a consistent subset of gamma/
delta T cells, which actually bear more TCR/CD3 epsilon com-
plexes than alpha/beta T cells on the membrane [142] (Fig. 1.3).

In our experience, this behavior does not occur with the gamma/
delta T lymphocytes mounting Vdeltal/Jdeltal sequences stained
by deltaTCS1 MoAb (Fig. 1.4).



Antigens

Sometimes it is possible that the bimodality of the CD3+ peak
is due to the presence of a clonal T cell population, homogene-
ously expressing the molecule at an intensity that differs from
other normal residual T cells. This behavior is frequently reported
in patients affected by mature T cell malignancies [94,151].

In comparison to mature T cells, thymocytes express CD3 with
a different intensity; as a rule, most common or cortical CD1+
CD4+ CD8+ thymocytes express low amounts of CD3, while
mature or medullar CD1- and CD4+ or CD8+ thymocytes
express the molecule in the same way as mature T lymphocytes
[130,152], with a differential higher expression on CD4+ CD8-
T cells [58].

A thymocyte CD4+ CD8+ subset has been reported express-
ing high levels of CD3; it is hypothesized that this subset is a
late differentiation stage between cortical and medullar thymo-
cytes [153].

As mentioned previously, the CD3 can be looked for both on
the membrane and in the cytoplasm of the cell. The demonstra-
tion of the intracytoplasmic molecule requires the use of per-
meabilization techniques which allow intracellular entry of the
antibody. Although they could be improved by some optimiza-
tion procedures [154], such techniques can rely on the use of
standardized commercial permeabilizing solutions [155-158].

MoAb OKT3, SK7/Leud and UCHT-1

The three monoclonal antibodies OKT-3, SK7/Leu4 and UCHT-1
recognize CD3 epsilon chains in cells transfected with genes cod-
ing for epsilon and delta chains or for epsilon and gamma chains,
but do not recognize CD3 epsilon chains in cells transfected with
genes coding for epsilon chains only [159]. This behavior sug-
gests that the three antibodies recognize a conformational epsilon
chain epitope, depending on the association of epsilon chain with
delta or gamma chain, and are not able to detect isolated intracy-
toplasmic epsilon chains [159].

Consequently, a negativity for intracytoplasmic epsilon chains
accomplished with one of the aforementioned antibodies is not
sufficient proof of epsilon chain absence, and should be vali-
dated using an antibody specific for isolated epsilon chains, such
as SP34 and APA 1/1, or a polyclonal rabbit antiserum raised
against a synthetic polypeptide mimicking a sequence on the
intracytoplasmic tail of the epsilon chain [160].

This point is of some practical importance. Given that in thy-
mocyte cytoplasm delta and epsilon chains are simultaneously
expressed from the prothymocyte level onwards [161], these three
antibodies are perfectly suitable for demonstrating the intracy-
toplasmic CD3 antigen in T cell malignancies, but could miss it
in some cases of NK neoplasms. It has been reported that MoAb
UCHT-1 is able to stain the cerebellar Purkinje cells [162].

MoAb WT31

In the same way as OKT-3, SK7/Leu4 and UCHT-1, the mono-
clonal antibody WT31 recognizes CD3 epsilon chains in cells
transfected with genes coding for epsilon and delta chains or for
epsilon and gamma chains, but do not recognize CD3 epsilon

chains in cells transfected with genes coding for epsilon chains
only [159]. This behavior confirms that, contrary to the original
hypothesis [163] and in keeping with successive remarks [139],
MoAb WT31 is not specific for a TCR alpha/beta determinant,
but binds a conformational epitope on CD3 epsilon chains, and
should be considered a bona fide anti-CD3 antibody.

Nevertheless, it should be stressed that the epitope stained by
MoAb WT31 is particularly accessible to this MoAb in the case
of TCR alpha/beta co-expression; this condition makes MoAb
WT31 fit for the presumptive identification of TCR alpha/beta
T cells, expecially if used in combination with a second antibody
specific for the same chain. In this case, the sterical hindrance
between the two antibodies blocks the binding between WT31
and the epsilon chain of T cells bearing gamma/delta TCR, and
WT31 behaves like a MoAb specific for alpha/beta TCR only.

In these conditions, the staining of peripheral normal
T lymphocytes with the WT31 monoclonal antibody generates
a histogram with a negative peak encompassing T cells bearing
gamma/delta TCR (Fig. 1.5).

The removal of the sterical hindrance allows the WT31
monoclonal antibody to bind the epsilon chain of T cells with
gamma/delta TCR, although in a weaker way than alpha/beta T
cells. Indeed, if we stain a sample containing a high number of
gamma/delta T cells using both the WT31 monoclonal antibody
and a second monoclonal antibody specific for TCR gamma/
delta, the WT31 monoclonal antibody will generate a histogram
with a first positive peak which encompasses gamma/delta nega-
tive T cells, and a second positive but intermediate peak which
encompasses gamma/delta positive ones (Fig. 1.6).

From a practical point of view, the possibility of sterical hin-
drance between the WT31 MoADb and another anti-CD3 epsilon
monoclonal antibody suggests that a sequential staining pro-
cedure should be performed, in which the sample is incubated
first with WT31 alone and then with the other anti-CD3 epsilon
antibody.

MoAb T3

The FITC-conjugated form of T3 displays unexpected behavior
[164]. In a multicolor analysis which combines a MoAb specific
for TCR gamma/delta (clone 11F2) and a second anti-CD3 epsi-
lon MoAb (clone SK7), the FITC-conjugated form of T3 does
not recognize gamma/delta T cells (Fig. 1.7).

It is interesting to notice that in this model, T3-FITC behaves
very similarly to WT31, which is shown for comparison (Fig. 1.8).

The anomalous behavior of T3-FITC is difficult to explain.
The small molecular volume of FITC rules out a sterical hin-
drance effect, and the independence of the phenomenon from
the length of incubation does not suggest affinity variations
induced by the conjugation procedures.

It has been observed that, owing to a different glycosylation
pattern, CD3 delta chains in gamma/delta T cells display a more
acidic isoionic point than CD3 delta chains in alpha/beta T cells
[165]. Tt could be hypothesized perhaps that FITC increases the
total negative charge of the FITC-conjugated antibody, allowing



