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Lymphoid tissue is a microenvironment
composed of B-, T-, and NK-lymphocytes in
different maturation and differentiation stages,
plasma cells, macrophages, dendritic cells, retic-
ular cells, and granulocytes. For the diagnosis of
lymphoma, all these components must be con-
sidered. For initial diagnosis, screening markers
are helpful. Further specific markers must be
used for the precise diagnosis. Markers listed
in different parts of this chapter are essentially
used for orientation. The final diagnosis must be
done according to the histomorphology, immu-
nophenotype (immunohistochemistry and flow
cytometry), and genetic analysis. The 2016 revi-
sion of the World Health Organization classifi-
cation of lymphoid neoplasms was considered in
this chapter.
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16 Markers and Immunoprofile of Lymphoid Tissue Neoplasms

16.1 Screening Markers

for Lymphoma

CD45 (LCA), TdT, B-cell markers, T-cell mark-

ers, and Ki-67 [1-3].

CD45 (LCA)

Expression pattern: membranous

Main
diagnostic use

Expression in
other tumors

Expression in
normal cells

Lymphoma/ Granulocytic Hematopoietic

leukemia sarcoma, cells including
histiocytic B- and
sarcoma, T-lymphocytes,
dendrocytoma, monocytes,
interdigitating macrophages

dendritic cell
sarcoma, giant cell

and mast cells,
dendritic cells,

tumor of tendon medullary
sheet thymocytes,
fibrocytes

Positive control: appendix

Diagnostic Approach CDA45, also known as
leukocyte common antigen (LCA), is a family of
high molecular mass integral membrane glyco-
protein molecules expressed on all hematopoi-
etic cells except mature red cells and their
immediate progenitors, megakaryocytes, and
platelets.

Diagnostic Pitfalls CDA45 is a specific marker
for hematopoietic and lymphatic tumors; none-
theless, less than 3% of B-cell lymphoma, about
10% of T-cell lymphoma, and about 30% of pre-
cursor B- and T-lymphoblastic lymphomas
(ALL) lack the expression of CD45. In suspi-
cious cases, the use of other lymphoid markers is
required. Membranous CD45 expression is
reported in very rare cases of undifferentiated,
neuroendocrine, and small cell carcinomas.
Necrotic carcinomas can also imitate a membra-
nous LCA positivity, which also holds true for

other markers, as in general, necrosis may dis-
play a false positivity.

TdT (Terminal deoxynucleotidyl transferase)

Expression pattern: nuclear

Main Expression in Expression in

diagnostic other tumors normal cells

use

B- and AML, CML, B- and T-cell

T-ALL Merkel cell precursors, cortical
carcinoma thymocytes

Positive control: ALL

Diagnostic Approach Terminal deoxynucleoti-
dyl transferase (TdT) is a DNA nuclear poly-
merase, catalyzing the template-independent
polymerization of deoxynucleotidyl triphos-
phates to double-stranded gene segment
DNA. TdT is mainly expressed in precursors of
B- and T-lymphocytes. Therefore, antibodies to
TdT are specific markers for precursor cell lym-
phomas of T- and B-cell origin, namely, acute
lymphoblastic leukemia.

Diagnostic Pitfalls It is important to consider
that TdT may be positive in some types of acute
myeloid leukemia especially minimally differ-
entiated AML (MO) and blast crisis of chronic
myeloid leukemia (CML). Furthermore, the
TdT expression is characteristic for the imma-
ture T-lymphocytes associated with the thy-
moma types A, B, and AB but not thymic
carcinoma.

TdT is also positive in a large percentage of
Merkel cell carcinoma, which may be also posi-
tive for PAX-5 [4, 5].

CD5 and CDI10 are further markers for the
diagnosis and classification of lymphomas. Both
do not have lineage specificity and may be
expressed in both B- and T-cell lymphomas in
addition to other nonlymphoid neoplasms.
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CDI10 (CALLA)

Expression pattern: membranous/cytoplasmic

Main diagnostic use Expression in other tumors

Expression in normal cells

Burkitt lymphoma, acute
lymphoblastic lymphoma/

leukemia, transitional cell carcinoma, colorectal
angioimmunoblastic adenocarcinoma, prostatic carcinoma,
T-cell lymphoma, melanoma, placental site trophoblastic

endometrial stromal tumor, choriocarcinoma,
tumors, renal cell

carcinoma

Follicular lymphoma, plasma cell
neoplasms, hepatocellular carcinoma,

myofibroblastoma, mesothelioma,
rhabdomyosarcoma, leiomyosarcoma,
Ewing’s sarcoma, solitary fibrous
tumor, atypical fibroxanthoma

Pre-B and pre-T cells, cells of germinal
centers, granulocytes, adrenal cortex,
endometrial stroma cells, hepatocytes and
bile duct canaliculi, cells of proximal renal
tubules and glomerular epithelial cells,
endothelial cells, myoepithelial cells,
fibroblasts, brain tissue, choroid plexus, fetal
intestinal epithelium, mesonephric remnants

Positive control: appendix/tonsil

Diagnostic Approach CDI10 (neprilysin) is a
zinc-dependent cell membrane metalloprotease
involved in the post-secretory processing of neu-
ropeptides and vasoactive peptides. Despite the
name of CD10 as the common acute lymphoblas-
tic leukemia antigen (CALLA), CD10 is not a cell
line- or tumor-specific marker as it is expressed in
a long list of tissue and tumor types of lymphoid,
epithelial, and mesenchymal origin mentioned in
the above table [6, 7]. In diagnostic immunohisto-
chemistry, CD10 must be used in a panel with
other tissue- and cell-specific markers [8]. The
expression pattern of CD10 (membranous or cyto-
plasmic) is highly variable, depending on tumors
type but also grade as the cytoplasmic stain is usu-
ally seen in poorly differentiated carcinomas.

CD5

Expression pattern: membranous

Main Expression in other Expression in

diagnostic tumors normal cells

use

Mantle cell B-CLL, T-ALL, T cells,

lymphoma T-cell lymphoma, subset of B
prolymphocytic cells of
leukemia, mantle zone
adenocarcinomas of of the spleen
different origin, and lymph
atypical thymoma, nodes
and thymic carcinoma

Positive control: appendix/tonsil

Diagnostic Approach CDS (lymphocyte antigen
T1, Leu-1) is a glycoprotein receptor expressed
in the majority of T-lymphocytes and subset of

B-lymphocytes including mantel zone lympho-
cytes. CD5 labels different T-cell neoplasms
such as T-ALL, adult and peripheral T-cell
lymphoma, mycosis fungoides, and T-cell large
granular lymphocytic leukemia. The expression
of CDS5 is not restricted to T-lymphocytes but
also found in a small subset of B-lymphocytes
and lymphomas of B-cell origin mainly mantle
cell lymphoma and B-CLL (Figs. 16.1 and 16.2).

Diagnostic Pitfalls The expression of CDS5 is
not limited to lymphoid tissue but found in ade-
nocarcinomas of different origin, renal cell carci-
noma, and adrenocortical carcinoma in addition
to squamous cell carcinoma. Furthermore, CD5
is a diagnostic marker for atypical thymoma and
thymic carcinoma; a focal weak expression of
CDS5 can be also found in mesothelioma, transi-
tional carcinoma, squamous cell carcinoma, and
adenocarcinomas of different origin [9].

Ki-67: Ki-67 is a nonhistone nuclear protein
involved in the early steps of polymerase
I-dependent ribosomal RNA synthesis and DNA
replication expressed in active cell cycles. The
expression of Ki-67 begins in the G, phase and
persists during the active phases of cell cycle
throughout the S, G,, and M phases, whereas the
peak of the Ki-67 expression appears in the early
M phase. Ki-67 is rapidly catabolized at the end
of the M phase with a half-life of 1-1.5 h and is
undetectable in the G, phase or in the initial stage
of the G, phase. Cells during the DNA repair also
lack the Ki-67 expression.
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Fig.16.1 Weak to
moderate CD5
expression in cells of
B-CLL. T-lymphocytes
with strong CD5
expression

Fig.16.2 Cells of
mantel cell lymphoma
showing moderate
membranous CD5
expression.
T-lymphocytes with
strong CD5 expression

The expression of Ki-67 strongly correlates
with the intensity of cell proliferation and tumor
grade. In routine histopathology, Ki-67 is an
important marker for the assessment of cell prolif-
eration. The Ki-67 index is an important criterion
for tumor diagnosis (benign, borderline, malig-
nant, low- or high-grade tumor). Furthermore,
it is a helpful marker to differentiate between

atrophy or thermal alterations and dysplasia
(Fig. 16.3). Few tumors show a Ki-67 index of
nearly 100%, which can be used as a diagnos-
tic clue; most representative examples are small
cell lung carcinoma, Burkitt lymphoma, and
plasmablastic lymphoma (Fig. 16.4). In routine
hematopathology, the Ki-67 index is an impor-
tant parameter to classify low and high malignant
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Fig.16.3 Characteristic
low proliferation index
of neoplastic follicles in
grade 1-2 follicular
lymphoma

Fig.16.4 Three tumor types with high Ki-67 index (~100%): (a) small cell carcinoma, (b) Burkett’s lymphoma, and
(¢) plasmablastic lymphoma
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lymphomas. Additionally, the Ki-67 index is
a well-known prognostic marker correlating
with the biological behavior of tumors such as
breast carcinoma and neuroendocrine tumors.
Nonetheless, it is a challenge to standardize
Ki-67 staining and to establish a robust and
reliable Ki-67 evaluation, which tends to show
a considerable interlaboratory variability. This
markedly hampers its clinical utility.

16.2 Markers and Immunoprofile
of B-Cell Neoplasms

Immunohistochemical ~Markers  for B-Cell
Lymphoma CDS5, CD10, CD19, CD20, CD23,
CD79a, PAX-5, bcl-2, bcl-6, cyclin D1, Sox-11,
ARTAI, and TdT [2, 3, 8, 10].

CD19 (B4)

Expression pattern: membranous

Main diagnostic Expression in Expression in

use other tumors normal cells

B-cell lymphoma/ | AML (MO), B cells,

leukemia blast phase of | follicular
CML dendritic cells

Positive control: appendix/tonsil

Diagnostic Approach CD19 is a single chain
glycoprotein and a member of the immunoglobu-
lin family. CD19 is an early naive B-lymphocyte
antigen, which remains through the B-lymphocyte
differentiation stages and disappears in the
plasma cell stage. It is also expressed on the sur-
face of follicular dendritic cells. CD19 is an
excellent B-lymphocyte marker, and antibodies
to CD19 are available for both flow cytometry
and paraffin histology [11].

CD20 (B1 antigen)
Expression pattern: membranous

Main diagnostic use | Expression | Expression in
in other normal cells
tumors

B-cell lymphoma/ B cells,

leukemia follicular

dendritic cells

Positive control: appendix/tonsil

Diagnostic Approach CD20 is a transmembrane
non-glycosylated phosphoprotein acting as
receptor during B-cell activation and differentia-
tion. CD20 is expressed in B cells after CD19 in
the naive B-lymphocytes and remains until late
stages of B-lymphocyte differentiation but disap-
pears in the plasma cell stage.

Diagnostic Pitfalls CD20 is a pan-B-lymphocyte
marker, but some types of B-cell lymphomas are
CD20 negative or show a very weak expression
level; consequently in doubtful cases, it is important
to use two B-cell markers to assure or exclude the
B-cell origin of the neoplasm. Optimal combina-
tions are CD20/CD19 and CD20/PAX-5 or CD20/
CD79. Generally, the expression of CD20 is
restricted to B-lymphocytes, but rare cases of
CD20 expression in peripheral T-cell lymphoma
are reported. Another diagnostic pitfall is the inter-
pretation of CD20 stain in patients after the specific
CD20 immunotherapy (rituximab). Nuclear or
nucleolar CD20 staining pattern are nonspecific.

CD23 (low-affinity IgE receptor)
Expression pattern: membranous

Main Expression in other | Expression in
diagnostic use | tumors normal cells
B-CLL, Mediastinal large Follicular
follicular B-cell lymphoma, dendritic
dendritic cell lymphoplasmacytic | cells,
tumors lymphoma, hairy EBV-
cell leukemia, transformed
DLBCL lymphoblasts,
monocytes,
platelets

Positive control: appendix/tonsil

Diagnostic Approach CD23, also known as
low-affinity IgE receptor, is a type II transmem-
brane glycoprotein involved in the regulation of
IgE response. CD23 is expressed on mature
B-lymphocytes, follicular dendritic cells, and acti-
vated macrophages. CD23 is an essential marker
used to discriminate B-CLL from other lymphoma
types with similar morphology (Fig. 16.5). CD23
also labels mediastinal large B-cell lymphoma and
lymphoplasmacytic lymphoma. It is also an impor-
tant marker for follicular dendritic cell tumors.
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Fig.16.5 Membranous
CD23 expression in

B-CLL

CD79a (FAB-M3), and the majority of plasma cell neo-

Expression pattern: membranous plasms (see above).

Main Expression in | Expression in - - -

diagnostic other tumors normal cells PAX-5 (B-cell-specific activator protein, BSAP)

use Expression pattern: nuclear

B-cell Acute B cells, small Main Expression in other | Expression

leukemia/ promyelocytic | population of CD3+ diagnostic use | tumors in normal

lymphomas leukemia T cells, subset of cells
(FAB'M:)’)’ endothelial cells B-cell Merkel cell Pre-B to
multiple lymphoma/ carcinoma, alveolar | mature B
myeloma leukemia, rhabdomyosarcoma, | cells

Positive control: appendix/tonsil Reed-Sternberg | small cell

Diagnostic Approach CD79a is a disulfide-
linked heterodimer associated with the
membrane-bound immunoglobulin; it appears in
the pre-B-lymphocyte stage and persists until
the plasma cell development, rendering the
majority of normal and neoplastic plasma cells
positive for CD79a. CD79a exhibits a membra-
nous stain, but plasma cells may also show a
cytoplasmic staining pattern. The expression of
CD79a is independent of the expression of CD20
and remains positive after the anti-CD20
immunotherapy.

Diagnostic Pitfalls CD79a is less reliable than
CD20 for the diagnosis of B-cell lymphoma, as it
is positive in a small fraction of T-ALL, AML

carcinoma, Wilms’
tumor, glioblastoma
and neuroblastoma,
mesonephric and
Miillerian tumors

cells of classic
Hodgkin’s
lymphoma

Positive control: appendix/tonsil

Diagnostic Approach PAX-5 is a member of the
PAX (paired box) family of transcription factors
involved in tissue and organ differentiation.
PAX-5 (also known as B-cell activator protein) is
a B-cell-specific transcription factor encoded by
the gene located at 9p13 and expressed in the
early pro-B, pre-B, and naive stages of B-cell
development until the mature B cells [12]. The
PAX-5 gene is involved in the t(9;14)(p13;q32)
translocation associated with the plasmacytoid
subtype of small lymphocytic lymphoma. PAX-5
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is also expressed in the L&H cells of nodular
lymphocyte-predominant Hodgkin’s lymphoma.
T-lymphocytes, plasma cells, and macrophages
are constantly PAX-5 negative.

Diagnostic Pitfalls PAX-5 can be positive in
some tumors resembling lymphoma such as
Merkel cell carcinoma and small cell carcinoma
and also rarely in acute lymphoblastic lymphoma
of T-cell origin [13, 14]. PAX-5 maybe also
expressed in acute myeloid leukemia, mainly the
type associated with the t(8;21)(q22;q22) translo-
cation. PAX-5 positivity is reported in rare cases
of breast, endometrial, and transitional carcino-
mas in addition to alveolar rhabdomyosarcoma,
but it is constantly negative in embryonal-type
rhabdomyosarcoma [15, 16].

Cyclin D1 (bcl-1)

Expression pattern: nuclear

Main
diagnostic
use

Expression in
other tumors

Expression in
normal cells

Mantle cell
lymphoma

Inflammatory
pseudotumor
(myofibroblastic
tumor), hairy cell

Cells in the G,
phase of cell cycle,
histiocyts,
endothelial cells

leukemia,
multiple
myeloma,
parathyroid
adenoma/
carcinoma,
pulmonary
adenocarcinoma,
breast and
prostate
carcinoma,
transitional cell
carcinoma

Positive control: mantle cell lymphoma

Diagnostic Approach Cyclin D1 (also known as
bel-1) is a cell cycle protein involved in the regu-
lation of cyclin-dependent kinases of the first
gap phase (G,) of the cell cycle. The expression
of cyclin D1 is not restricted to lymphoid neo-
plasms and found in a number of nonlymphoid
epithelial and mesenchymal tumors. The cyclin

D1 overexpression—caused by the t(11;14)
translocation associated with mantle cell lym-
phoma—makes it a characteristic marker for this
lymphoma type (Fig. 16.6). In routine immuno-
histochemistry, cyclin D1 is usually used in com-
bination with CD5, Sox-11, and other B-cell
markers [8, 17].

A subset of multiple myeloma harbors also the
t(11;14) translocation and is positive for cyclin
D1; this myeloma type is usually associated with
favorable prognosis.

Diagnostic  Pitfalls Other lymphoma types
exhibiting similar morphology such as hairy cell
leukemia and B-CLL may be also positive for
cyclin D1; however, the stain intensity is much
less than that of mantle cell lymphoma [18]. A
small subset of mantle cell lymphoma lacks the
expression of cyclin DI1; this subset is usually
positive for Sox-11, which to consider in the
differential diagnosis.

Sox-11
Expression pattern: nuclear
Main Expression in other Expression in
diagnostic tumors normal cells
use
Mantle cell Hairy cell leukemia, Immature
lymphoma Burkitt lymphoma, neurons

T- and B-ALL,

prolymphocytic

leukemia, ovarian

carcinoma

Positive control: mantel cell lymphoma

Diagnostic Approach Sox-11 is a member of
the Sox family of transcription factors (sex-
determining region Y-box 11), a transcription
factor involved in embryogenesis and develop-
ment of the central nervous system. Sox-11
strongly stains both cyclin D1 positive and nega-
tive mantle cell lymphoma (Fig. 16.7) in addition
to other lymphoma types including hairy cell leu-
kemia and ALL [19-21].

Sox-11 stains also a subset of ovarian
carcinomas, generally associated with good
prognosis.



16.2  Markers and Immunoprofile of B-Cell Neoplasms 157

Fig.16.6 Strong
nuclear cyclin D1
expression in mantel cell
lymphoma

Fig.16.7 Strong
nuclear Sox-11
expression in mantel cell
lymphoma

=N o

- o VYA L‘-{"
e I

i
bel-6
Expression pattern: nuclear
Main diagnostic use Expression in other tumors Expression in normal cells
Follicular lymphoma (intra- and | Burkitt lymphoma, diffuse large B-cell Germinal centers of lymph nodes,
interfollicular cells), anaplastic lymphoma, mediastinal large B-cell subset of intrafollicular CD4+
CD30+ large cell lymphoma lymphoma, L&H cells in nodular T-lymphocytes

lymphocyte-predominant Hodgkin’s
lymphoma, ALK + anaplastic large cell
lymphoma, angioimmunoblastic
lymphoma, T-ALL

Positive control: appendix/tonsil
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Diagnostic Approach bcl-6 (B-cell lymphoma 6
protein) is a sequence-specific transcriptional
repressor protein expressed in normal germinal
center B-lymphocytes with high proliferation
rate and active somatic mutations. bcl-6 is a
marker for lymphomas of germinal center origin
such as follicular lymphoma (intra- and interfol-
licular cells), Burkett’s lymphoma, majority of
Hodgkin cells, and nodular lymphocyte-
predominant Hodgkin’s lymphoma [8]. Mutations
within the bcl-6 gene are found in about 40% of
diffuse large B-cell lymphoma and 15% of fol-
licular lymphoma causing the overexpression of
bcl-6 [22]. bel-6 is also found in some NK-/T-cell
lymphoma types such as angioimmunoblastic
lymphoma and T-ALL. Mantle cell lymphoma,
marginal zone lymphoma, and ALL are con-
stantly bcl-6 negative.

bel-2
Expression pattern: cytoplasmic (mitochondrial
membrane)

Main Expression in other | Expression in

diagnostic | tumors normal cells

use

Follicular Majority of B-cell Small

lymphoma | lymphomas, subset B-lymphocytes
of T-cell lymphoma, | in primary
basal cell carcinoma, | follicles and in
adrenocortical the mantle and

tumors, solitary
fibrous tumor,
synovial sarcoma,
hemangiosarcoma,
neurofibroma,
schwannoma,
nasopharyngeal
carcinoma,
dermatofibrosarcoma
protuberans, spindle
cell lipoma,
rhabdomyosarcoma

marginal zones,
subset of
T-lymphocytes,
medullary cells
in thymus,
adrenal cortex,
basal
keratinocytes of
the epidermis

Positive control: appendix/tonsil

Diagnostic Approach bcl-2 (B-cell lymphoma 2
protein) is a family of regulator proteins involved
in the regulation of programmed cell death
divided into two main groups: the bcl-2 group as
antiapoptotic and proapoptotic group (effectors

and activators). The bcl-2 proteins are encoded
by the bcl-2 gene on chromosome 18q21. The
bcl-2 gene is transcribed into three mRNA vari-
ants, which are translated into two homologous
integral cell and mitochondrial membrane
proteins.

The t(14;18)(q32;q21) translocation character-
istic for 90% follicular lymphoma juxtapose the
bcl-2 gene to the Ig heavy chain gene resulting the
deregulation of the bcl-2 gene and the overexpres-
sion of the bcl-2 protein giving a survival advan-
tage for the lymphoma cells. One of the main
diagnostic benefits of bcl-2 is to distinguish
between reactive lymph nodes with follicular
hyperplasia exhibiting bcl-2-negative germinal
centers and grade 1 follicular lymphoma with bcl-
2-positive neoplastic B cells in the follicles
(Fig. 16.8) [8]. The bcl-2 expression is found in
the majority of B-cell lymphomas and in a subset
of T-cell lymphomas. It is also found in a large
number of epithelial and mesenchymal tumors [8].

CDllc
Expression pattern: membranous
Main Expression in other | Expression in
diagnostic | tumors normal cells
use
Hairy cell | AML (M4 and M5), | Myeloid
leukemia follicular hematopoietic
lymphoma, cells,
Langerhans cell granulocytes,
histiocytosis, macrophages,
lymphoplasmacytic | NK cells,
lymphoma, B-CLL, | dendritic cells,
splenic lymphoma, subset of
NK lymphoma activated
T-lymphocytes,
histiocytes

Positive control:

Diagnostic Approach CDIll1c (also known as
integrin alpha X, CR4, LeuM5) is an integrin gly-
coprotein composed of alpha and beta chains
involved in the adhesion and chemotaxis of
monocytes, primarily expressed on myeloid
hematopoietic cells. CD11c is a marker for dif-
ferent lymphoid and myeloid neoplasms. It is
strongly expressed in hairy cell leukemia and
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Fig.16.8 Follicular
lymphoma with strong
diffuse bcl-2 expression
in neoplastic follicles

Fig.16.9 Hairy cell
leukemia, with

CDl1 1c-positive
leukemia cells in the
bone marrow

natural killer cell lymphoma (Fig. 16.9). CD11c cytic lymphoma, splenic lymphoma with villous
is also found in about 50% of AML (M4 and M5) lymphocytes, and B-CLL. The expression of
and in some cases of follicular lymphoma, CDI1con B-CLL cells is usually associated with
Langerhans cell histiocytosis, lymphoplasma- good prognosis.
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Tartrate-resistant acid phosphatase (TRAP)
Expression pattern: cytoplasmic

Main diagnostic Expression in | Expression in

use other tumors | normal cells
Hairy cell Mantel cell Osteoclasts,
leukemia, lymphoma, macrophages,
osteoclastoma mediastinal lymphocytes of
(giant cell tumor) | B-cell the marginal
lymphoma, zone, neurons,
splenic decidual cells,
marginal cell | prostatic glands,
lymphoma red blood cells

Positive control: osteoclasts, hairy cell leukemia

Diagnostic Approach Tartrate-resistant acid
phosphatase (TRAP) is a glycosylated iron-
binding metalloprotein enzyme found in different
tissue types and is highly expressed in osteoclasts
and macrophages. TRAP is specific marker for
hairy cell leukemia but should be used in combi-
nation with other markers such as CDI1c and
DBA .44 (Fig. 16.10) [23].

Fig.16.10 Bone
marrow trephine
infiltrated by cells of
hairy cell leukemia
exhibiting strong
cytoplasmic TRAP
expression

Diagnostic Pitfalls Other lymphoma type such
as marginal zone B-cell lymphoma may reveal
weak TRAP positivity. TRAP is also expressed in
bone marrow marcophages.

Immunoglobulin  Superfamily = Receptor
Translocation-1: IRTA-1 is a cell surface recep-
tor involved in the lymphogenesis of
B-lymphocytes in addition to intercellular com-
munication. IRTA-1 is helpful marker to deci-
mate between marginal zone lymphoma and
other lymphoma types as it is expressed in more
than 90% of extranodal marginal zone lymphoma
and in about 75% of nodal marginal zone lym-
phoma but negative in splenic marginal zone
lymphoma. Other lymphoma types including
B-CLL, mantel cell lymphoma, follicular lym-
phoma, Burkitt lymphoma, hairy cell leukemia,
and plasma cell neoplasms also lack the expres-
sion of IRTA-1 [24, 25]. IRTA-1 cannot distin-
guish between reactive and neoplastic marginal
zone lymphocytes.
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LIM-only transcription factor 2 (LMO2)
Expression pattern: nuclear

Main
diagnostic use

Expression in
other tumors

Expression in
normal cells

Follicular B- and T-ALL, Germinal
lymphoma, endothelial centers of
mediastinal tumors. GIST, lymph nodes,
large B-cell myoepithelial hematopoietic
lymphoma, tumors, juvenile | precursors,
Burkitt xanthogranuloma | endothelium,
lymphoma breast

myoepithelial
cells, basal
cells of
prostatic gland,
endometrial
glands in
secretory phase

Positive control: tonsil/lymph node

LIM-Only Transcription Factor 2 LMO2 (also
known as TTG2 or RBTN2) is a transcription
factor regulating the yolk sac angiogenesis and
erythropoiesis, normally expressed in erythroid
and myeloid precursors as well as megakaryo-
cytes and endothelial cells. The LMO?2 protein is
expressed in B-lymphocytes of germinal centers.
LMO?2 is a marker for several lymphoma types
derived from germinal center cells. It is expressed
in up to 70% of all grades of follicular lym-
phoma, mediastinal large B-cell lymphoma,
Burkitt lymphoma and diffuse large B-cell lym-
phoma, and B- and T-ALL. CLL, mantel cell
lymphoma, marginal zone lymphoma, lympho-
plasmacytic lymphoma, and peripheral T-cell
lymphomas usually lack the expression of
LMO2. LMO?2 is expressed in lymphocyte-pre-
dominant Hodgkin’s lymphoma but not in classi-
cal Hodgkin’s lymphoma. Furthermore LMO2
labels the myeloid blasts of acute myeloid leuke-
mia [26, 27]. In addition to lymphoid and hema-
topoietic neoplasms, LMO2 labels normal

endothelium of blood and lymph vessels and the
majority of benign and malignant endothelial
tumors [28].

Human Germinal Center-Associated Lym-
phoma HGAL: also known as germinal cen-
ter B-cell-expressed transcript 2 (GCET-2) is
exclusively expressed in the cytoplasm and on
the membrane of germinal center B-lymphocytes
and specially accentuated in the proliferating
cells within the dark zone of germinal centers.
HGAL is involved in the regulation of lympho-
cyte motility. Lymphocytes within the mantle
and marginal zones as well as interfollicular
and paracortical regions lack the expression of
HGAL. HGAL is a marker for B-cell lympho-
mas derived from germinal center lymphocytes
and expressed in 100% of Burkitt lymphoma,
more than 90% of follicular lymphomas and
mediastinal lymphoma, and about 70% of dif-
fuse large B-cell lymphoma. The expression of
HGLA is reported in less than 5% of marginal
zone lymphoma whereas mantel cell lymphoma
and B-CLL completely negative for HGAL
[29, 30].

Lymphoid Enhancer-Binding Factor LEF-1:
is a nuclear protein and a member of the T-cell-
specific factor family that binds to the T-cell
receptor playing a role in the regulation of cell
proliferation and lymphopoieses. LEF-1 is nor-
mally expressed in pre-B- and T-lymphocytes but
not in mature B cells. In lymphomas, LEF-1
labels the neoplastic small lymphocytes of chronic
lymphocytic leukemia (CLL) but negative in other
small B-cell lymphomas [31]. It is also found in
about one third of diffuse large B-cell lymphoma.
LEF-1 is not a specific lymphoma marker as it is
also expressed in different carcinoma types such
as colorectal adenocarcinoma [32].
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Immunoprofile of B-cell neoplasms

Tumor type +in >90% +in 50-90% +in 10-50% | +in <10%
+) (+/-) (=/+) =)
Precursor TdT, HLA-DR (CD74), CD19, CDI10*, CD22, CD20, CD13
B-lymphoblastic CD79a, PAX-5 CD24, CD45,
leukemia/lymphoma Proliferation index (Ki-67): CD99, CD34,
50-80% FLI-1, LMO2
B-cell chronic CDS5, CD19, CD20, CD22, CD23, |CD22,CD43, CDllc, CD10, Sox-11,
lymphocytic lymphoma | CD74, CD79a, CD160, CD200, MUM-1, sIgD CD38" bcl-6

(B-CLL)/small
lymphocytic lymphoma

LEF-1, PAX-5, p27, bcl-2, sIigM
Proliferation index (Ki-67): ~ 5%

Monoclonal B-cell

See B-CLL immunoprofile (B-cell account in peripheral

blood <5 x10 [9]/L with B-CLL

lymphocytosis phenotype with no signs of lymph node involvement)

B-cell prolymphocytic | CD19, CD20, CD22, CD25, CD27, | slgM, slgD CD5 CD10, CD23,

leukemia CD74, CD79a, PAX-5, bcl-2 CD43, CD138,

cyclin D1

Lymphoplasmacytic CD19, CD20,CD22, CD43, CD74, CD38, CD138, CD5 CD10, CD23,

lymphoma CD79a, CD200, PAX-5, IgM MUM-1, bcel-2, cyclin D1
Proliferation index (Ki-67): MYDS88
~5-10%

Mantle cell lymphoma | CD5, CD19, CD20, CD22, CD37, | bcl-2 CD10, CDlIc,
CD43, CD74, CD79a, sIgM, slgD, CD23, bcl-6
cyclin D1, Sox-11, PAX-5, FMC-7
Proliferation index (Ki-67): 5-50%

Follicular lymphoma/in | CD19, CD20, CD22, CD74, CD10, bcl-6, bcl-2 (in CD5, CD23,

situ follicular neoplasia/ | CD79a, PAX-5, HGAL, slg, bcl-2 | bcl-2 (in grade 3 | primary CD43, Sox-11,

duodenal-type follicular | Nodular meshwork of follicular follicular cutaneous cyclin D1
lymphoma dendritic cells positive for CD21 lymphoma), follicular

and CD23 LMO2 lymphoma)

Proliferation index (Ki-67) in &/A light chain

bcl-2-positive neoplastic follicles: | restriction

< 20%

Proliferation index (Ki-67) in

bcl-2-negative reactive follicles:

> 60%

Pediatric-type follicular | CD19, CD20, CD22, CD74, bcl-6, CD43 MUM-1, bcl-2¢

lymphoma CD79a, PAX-5, CD10, HGAL,
LMO?2, slg,

Proliferation index (Ki-67): >30%

Large B-cell lymphoma | CD19, CD20, CD22, MUM-1, CD10, bcl-2 CD5

with IRF-4 bcl-6

rearrangement

Primary cutaneous CD20, PAX-5, bcl-6 CD10, bcl-2 CD30, CD23 | CD3, CD5,

follicle center lymphoma CD43, cyclinD1

Nodal marginal zone CD19, CD20, CD21, CD22, CD35, | slgA, slgG, CD43, CD38, |slgD, CDS5,

B-cell lymphoma CD74, CD79a, PAX-5, sIgM CDl Ic, bcl-2, MUM-1, CD10, CD 23,

IRTA-1 TRAP bcl-6, Sox-11,
cyclin D1

Extranodal marginal CD19, CD20, CD21, CD22, CD35, | CDl1lc, MUM-1, | CD43 CDS5, CD10,

zone B-cell lymphoma CD74, CD79a, PAX-5, sIgM, slgD, sIgA, slgG, CD23, Sox-11,

of MALT type IRTA-1 bel-2 cyclin D1, bcl-6

Splenic marginal zone CD19, CD20, CD21, CD22, CD35, | slgA, slgG, CD5 CD43, CDI10,

B-cell lymphoma CD74, CD79a, PAX-5, bcl-2, CDllc CD23, CD25,
sIgM, slgD, CD43, CD103,
Proliferation index (Ki-67): < 5% bel-6, cyclin D1,

annexin Al,

IRTA-1
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Immunoprofile of B-cell neoplasms
Hairy cell leukemia CDIlc, CD19, CD20, CD22, CD23, CD68 CD5 CDI10, CD23,
CD25, CD74, CD79a, CD103, (cytoplasmic CD43, bcl-6
CDI123, annexin Al, TRAP, dots), PCA-1,
DBA.44, BRAF*"t, PAX-5, cyclin | HC1, HC2
DI, sIgM, FMC7
Proliferation index (Ki-67): <5%
Diffuse large B-cell CD19, CD20, CD22, CD74, bel-6 bcl-2, CDS, CD3,CD15,
lymphoma (DLBCL) CD79a, CD45, PAX-5 CD30, fascin, | CD200
- Germinal center cell | Proliferation index (Ki-67): > 40% MUM-1¢
type (GCB)¢
- Activated B-cell type
(ABC)!
Primary cutaneous CD20, CD70a, PAX-5, bcl-2, CD10
diffuse large B-cell MUM-1
lymphoma, leg type
T-cell-/histiocyte-rich Neoplastic cells: CD19, CD20, CD30, EMA |CD3, CDI15,
variant of diffuse large CD22, CD74, CD79a, CD45, bel-2, PU.1
B-cell lymphoma PAX-5, bcl-6, BOB 1, OCT-2
Nonneoplastic cells (>80% of cell
population): positive for CD3,
CDBg, cytotoxic molecules, and
CD68 in histiocytes
Mediastinal (thymic) CD19, CD20, CD45, CD74, CD23, MUM-1, |CDI0 CD5, CD21
large B-cell lymphoma | CD79a, CD200, PAX-5 CD30, HGAL,
LMO?2
ALK-positive large ALK, EMA, CD138, VS38c CD4,xorAlg CD45, CD79a | CD3, CD20,
B-cell lymphoma light chains CD30,
Plasmablastic lymphoma | CD38, CD138, VS38c, MUM-1, CD79a, EMA, CD30 CD20, PAX-5,
EBV (EBER), LCA CD10 CD56
Proliferation index (Ki-67): > 90%
Intravascular large CD20, CD79a, Prostatic acid CDS5, CD10
B-cell lymphoma PAX-5 phosphatase
Primary effusion CD45, CD79a, CD38, CD138, CD30, EBV CD20,CD19 | CD43, bcl-6
lymphoma VS38c, PAX-5, HHV-8, MUM-1
Burkitt lymphoma CDI10, CD19, CD20, CD22, CD74, | bcl-6, EBV, CDs5, CD23,
CD79a, PAX-5, sIgM, c-myc, LMO2, TdT, bcl-2
HGAL, CD43, p53 adipophilin
Proliferation index (Ki-67): > 95%
Burkitt-like lymphoma | CD19, CD20, CD22, CD38, CD74, | CD43, bcl-6, CD10 c-myc, bel-2
with 11q aberration CD79a, PAX-5 slgG, IgM
Proliferation index (Ki-67): > 95%
EBV-positive EBV',CD19, CD30, MUM-1, CD20, CD15,
mucocutaneous ulcer PAX-5 bel-2
EBV-positive DLBCL
Lymphomatoid EBYV, CD19, CD20 CD79a CD30 CD15
granulomatosis

aNegative in ALL with 11q23 translocation
*The expression of CD38 in B-CLL correlates with worse prognosis
‘Pediatric-type follicular lymphoma lacks the t(14;18) translocation
dSee modified Hans algorithm below [33]

Positive in ABC (activated B-cell-like) subtype of DLCBL
‘EBV antigens: EBER, LMP1, and EBNA2
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Algorithm 16.1: Modified Hans Algorithm [33]
GCB
7

MUM-1

CD10 / GCB
\
Non-GCB/ABC

- GCB: Germinal center B-cell type
- ABC: Activated B-cell type

16.3 Markers and Immunoprofile

of Plasma Cell Neoplasms

CD38, CD138, VS38c, MUM-1, CD56, and x
and A light chains.

CD38
Expression pattern: membranous/cytoplasmic

Main diagnostic | Expression in Expression in
use other tumors normal cells
Plasma cell Pre-T-ALL, Plasma cells,
neoplasms, primary erythroid and
plasmablastic effusion myeloid
lymphoma lymphoma, precursors,
subtypes of early Band T
B-cell cells, NK cells,
lymphoma pancreatic
islets, neuronal
tissue

Positive control: appendix

Diagnostic Approach CD38 (also known as
ADP-ribosyl cyclase) is a transmembrane glyco-
protein expressed in the majority of CD34-positive
pluripotent stem cells and in different maturation
stages of B- and T-lymphocytes, plasma cells,
and myeloid cells [34]. CD38 is commonly used
in diagnostic panels of multiple myeloma. CD38
can be expressed on CLL cells and considered
being an adverse prognostic factor.

Diagnostic Pitfalls CD38 has a wide expression
spectrum and is found in different hematopoietic
and non-hematopoietic cells; accordingly, the

CD38 expression does not prove the plasma cell
origin, and the plasma cell nature must be con-
firmed by other more specific markers.

CD138 (syndecan-1)
Expression pattern: membranous/cytoplasmic

Main diagnostic
use

Expression in
other tumors

Expression in
normal cells

Plasma cell Primary effusion | B-cell
tumors lymphoma; precursors,
(myeloma, multiple plasma cells,
plasmacytoma) | carcinomas stratified
including thyroid, |squamous
breast, lung, head | epithelium,
and neck, hepatocytes
urothelium,
prostatic, and
liver;
neuroendocrine
tumors;

thymoma; tumors
of the adrenal
cortex;
keratoacanthoma;
malignant
melanoma;
osteoid-forming
tumors

Positive control: tonsil/squamous epithelium

Diagnostic Approach CD138 (syndecan-1) is a
transmembrane antigen and one of the four mem-
bers of the syndecan family. The expression of
CD138 is found in different maturation stages of
B-lymphocytes and plasma cells and in different
types of epithelial and mesenchymal cells; never-
theless, CD138 is one of the important markers
for plasma cell neoplasms.

Diagnostic  Pitfalls CD138 is widely used
as a marker for plasma cells and plasma cell
neoplasms. However, the expression of CD138
is found in a large number of epithelial tumors
and some mesenchymal tumors. Among the
epithelial tumors, CD138 is found in squa-
mous cell carcinoma and adenocarcinomas
of different origins including pulmonary and
prostatic adenocarcinomas, which makes it nec-
essary to consider these carcinomas in the dif-
ferential diagnosis [35]. A particular pitfall is
the plasmacytoid urothelial carcinoma, which
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is often strongly CDI138 positive and can be
mistaken for a plasmacytoma. To differentiate
between epithelial and plasma cell tumors, it is
recommended to run a parallel reaction with a
pan-cytokeratin antibody but not EMA as EMA
may be also positive in plasma cell disorders as
well [36]. The expression profile of k and A light
chains is also important to confirm the diagno-
sis of plasma cell neoplasia and determine the
clonality of the plasma cell population. CD138
is also expressed in other mesenchymal tumors
such as alveolar soft part sarcoma, synovial sar-
coma, and schwannoma in addition to malignant
melanoma and bone-forming tumors including
osteosarcoma [37].

MUM-1 (multiple myeloma oncogene 1/IRF4)

Expression pattern: nuclear/cytoplasmic

combination with additional more specific mark-
ers to exclude other possible differential diagno-

ses [38, 39].

VS38c (plasma cell marker)

Expression pattern: cytoplasmic

Main diagnostic
use

Expression in
other tumors

Expression in
normal cells

Plasma cell
neoplasms
(myeloma,
plasmacytoma),
lymphoma with
plasmacytic
differentiation

Rare carcinoma
types of
different origin,
malignant
melanoma,
clear cell
sarcoma of soft
tissue,
neuroendocrine
tumors

Plasma cells and
plasmablasts,
B-immunoblasts,
epithelial cells
(mucous glands,
pancreatic
epithelium,
secretory breast
cells, thyroid
follicles),
melanocytes,
osteoblasts

Positive control: appendix

Main Expression in Expression in
diagnostic use | other tumors normal cells
Plasma cell Hodgkin’s B cells
neoplasms, lymphoma, (centrocytes),
diffuse large CLL, marginal | plasma cells,
B-cell zone activated T cells
lymphoma lymphoma,
ABC type DLBCL,

malignant

melanoma

Positive control: appendix

Diagnostic Approach The MUM-1 protein
(multiple myeloma 1) is a lymphocyte-specific
transcriptional activator also known as interferon
regulatory factor 4 expressed in the final differ-
entiation stage of intra-germinal center B cells.
MUM-1 is a marker for post-germinal center
B cells, plasma cells, and subset of T cells and
related lymphoma types in addition to Hodgkin
cells. MUM-1 is usually negative in the cells
of nodular lymphocyte-predominant Hodgkin’s
lymphoma.

Diagnostic Pitfalls MUM-1 stains also a sub-
set of malignant melanoma, which can be also
positive for other plasma cell markers such as
CD138 and VS38c. Because of the multilineage
expression of the MUM-1 protein, the immunos-
taining results must be carefully interpreted in

Diagnostic Approach VS38c (rough endo-
plasmic reticulum-associated antigen) is a sen-
sitive screening marker for plasma cells and
cells with plasmacytoid differentiation. VS38c
is expressed on the endoplasmic reticulum in
the cell cytoplasm. The expression of VS38c is
found in plasma cells, plasmablasts, lymphoplas-
macytoid cells, and B-immunoblasts and related
neoplasms.

Diagnostic Pitfalls Despite the specificity and
high sensitivity of VS38c to normal and neo-
plastic plasma cell, it is always important to
keep in mind that other tumor types such as
melanocytic and neuroendocrine tumors may
be positive for this marker [40]. Paratrabecular
osteoblasts in trephine biopsies are also positive
for VS38c.

Kappa and Lambda Light Chains: Each
molecule of the five major classes of immuno-
globulins is consisted of the combination of two
identical heavy chain molecules and two identical
light chain molecules. The light chain molecules
are divided into two classes, kappa and lambda
light chain; on the other hand, each B-lymphocyte
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or plasma cell is able to produce either kappa or
lambda light chain. In a polyclonal lymphocyte
or plasma cell population, the kappa-to-lambda
ratio is approximately 2:1. The clonal restriction
of one of both chains indicates the monoclonal—

neoplastic—nature of the lymphocyte or plasma
cell population. In routine histopathology, the
expression of the light chains can be indicated
either by conventional immunohistochemistry or
by in situ hybridization.

Immunoprofile of plasma cell neoplasms

Tumor type +in >90% +1in 50-90% | +in 10-50% |+ in<10%
) (+-) (=) =)
Plasma cell myeloma/plasmacytoma CD38, VS38c, CD43, CD45, EMA, |CDI9,
— Monoclonal gammopathy of undetermined | CD138, PCA-1, CD56, cyclin D1, CD20,
significance (MGUS) MUM-1, vimentin | CD79a Steroid CD22,
— Heavy chain disease kordlglight hormone PAX-5,
— Plasma cell myeloma chain restriction receptors (ER) | E-cadherin
— Solitary plasmacytoma of bone Proliferation
— Extraosseous plasmacytoma index
— Monoclonal immunoglobulin deposition (Ki-67):~50-60%
disease

16.4 Markers and Immunoprofile
of T-Cell Neoplasms

Immunohistochemical ~ Markers for T-Cell
Lymphoma CD2,CD3, CD4, CD7, CDS8, CD30,
ALK, TCL-1, CXCLI13, and TdT [8, 10, 41].

CD2 (LFA-2)
Expression pattern: membranous/cytoplasmic
Main

Expression in Expression in

diagnostic other tumors normal cells
use

T-cell Neoplastic mast Thymocytes,
lymphoma cells mature

(mastocytosis) peripheral T

cells, NK cells

Positive control: appendix/tonsil

Diagnostic Approach CD?2 is a transmembrane
glycoprotein (E rosette receptor) that mediates
adhesion between T-lymphocytes and other
cells. CD2 appears in the early stages of T-cell
development. CD2 is an excellent marker for
T-lymphocytes and NK cells and labels T-cell
lymphomas and the majority of NK neoplasms.
CD2 is negative in B-lymphocytes with the
exception of a small subset of thymic B cells
but negative in all B-cell lymphomas. CD2 is
negative in normal mast cells, and the CD2

expression in mast cells is usually a criterion of
malignancy.

CD3

Expression pattern: membranous

Main Expression in | Expression in

diagnostic use | other tumors normal cells

T-cell NK Thymocytes,

lymphomas lymphoma peripheral T cells,
(cytoplasmic | activated NK cells,
stain) Purkinje cells of

cerebellum

Positive control: appendix/tonsil

Diagnostic Approach CD3 is a complex struc-
ture composed of five polypeptide chains (y, d,
g, {, and n) forming three dimers. CD3 builds a
complex with the T-cell receptor on the mem-
brane of T-lymphocytes responsible for the rec-
ognition of antigens leading to the activation of
immune response. In the early embryogenesis,
CD3 is expressed in the cytoplasm of the pro-
thymocytes and persists through all differentia-
tion stages of T-lymphocytes until mature cells.
CD3 is the most common used pan-T-cell marker
expressed in the vast majority of T-cell lympho-
mas. CD3 labels also a subset of the NK lym-
phomas usually exhibiting a cytoplasmic staining
pattern using CD3e-specific antibody.
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CD4

Expression pattern: membranous

Main Expression in | Expression in
diagnostic use | other tumors normal cells
Mycosis Histiocytic Thymocytes,
fungoides, neoplasms, T-helper/T-inducer
T-cell acute myeloid | cells, macrophages,
lymphomas leukemia granulocytes,

Langerhans cells,
dendritic cells,
hepatic sinusoidal
cells

Positive control: appendix/tonsil

Diagnostic Approach CD4 is a transmem-
brane glycoprotein and a member of the
immunoglobulin family expressed on the sur-
face of T-helper/T-inducer cells in addition to the
majority of thymocytes and a subset of mono-
cytes, macrophages, and dendritic cells. CD4 is
a marker of lymphomas originated from these
cells, which include the majority of peripheral
T-cell lymphomas and cutaneous lymphomas,
mainly mycosis fungoides.

Diagnostic Pitfalls In immunohistochemistry
and flow cytometry, CD4 must be used in a panel
including CD3 and CD8 and CD19. CD4 can be

Fig.16.11 Diffuse
CD4 expression in
myeloid blasts of
AML (M5)

also positive in subtypes of acute myeloid leuke-
mia and histiocytic neoplasms (Fig. 16.11).

CD7

Expression pattern: membranous

Main Expression in other | Expression in

diagnostic | tumors normal cells

use

T-ALL and | CML, immature Thymocytes,

T-cell myelomonocytic mature T cells

lymphomas | neoplasms, and NK cells,
cholangiocarcinoma, | pre-B cells,
pancreas carcinoma | monocytes, early

myeloid cells

Positive control: appendix/tonsil

Diagnostic Approach CD7 is a membrane-
bound protein and a member of the immunoglob-
ulin family involved in T-cell/B-cell interaction.
CD7 is expressed in early T-lymphocytes, thy-
mocytes, NK cells, and subset of myeloid cells.
The expression of CD7 persists in the majority of
mature T-lymphocytes and T cell and NK lym-
phomas derived from these cells.

Diagnostic Pitfalls CD7 may be positive in a
subset of AML and rarely in carcinomas such as
pancreatic and bile duct carcinomas [36].
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CD8

Expression pattern: membranous

Main Expression in other Expression in

diagnostic use | tumors normal cells

Subcutaneous | T-cell large granular | Suppressor/

panniculitis- lymphocytic cytotoxic T

like T-cell leukemia, CLL, cells and NK

lymphoma mantle cell cells
lymphoma

Positive control: appendix/tonsil

Diagnostic Approach CDS is a transmembrane
glycoprotein functioning as a co-receptor for the
T-cell receptor, expressed in the suppressor/cyto-
toxic T-lymphocytes in addition to a subset of
NK cells. CD8 is a marker of many types of T-/
NK-cell lymphomas (Fig. 16.12).

Diagnostic Pitfalls CDS is expressed in a small
subset of B-cell lymphomas and generally should
be a part of panel with CD3, CD4, and CD20 [36,
42]. The expansion of CD8-positive T-cell popu-
lation is noted in lymph nodes-associated with
acute infectious mononucleosis.

Fig.16.12 Diffuse
CDS8 expression in
enteropathy-type T-cell
lymphoma (type II)

CD30: CD30 (Ki-1) is a transmembrane recep-
tor participating in the regulation of cell transfor-
mation, antibody response, and apoptosis. CD30
is normally expressed in activated B, T, and NK
cells. In addition to Hodgkin’s lymphoma and
some other lymphoma types, CD30 is a diag-
nostic marker for anaplastic large cell lymphoma
(Fig. 16.13). CD30 is listed in details in the next
chapter.

CD43
Expression pattern: membranous/cytoplasmic

Main
diagnostic use

Expression in other
tumors

Expression in
normal cells

T-/NK-cell B-ALL, Burkitt Activated B

lymphomas lymphoma, mantle cells, T cells,
cell lymphoma, NK cells,
marginal zone plasma cells,
lymphoma, granulocytes
granulocytic

(myeloid) sarcoma,
adenoid cystic
carcinoma

Positive control: appendix/tonsil
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Fig.16.13 Diffuse
CD30 expression in
anaplastic large
cell lymphoma

Diagnostic Approach CD43 (also known as normal B-lymphocytes lack the expression of
sialophorin) is expressed on the membrane and in  CD43, CD43-positive B-lymphocytes are assumed
the cytoplasm of the T-/NK-lymphocytes, cells of  to be neoplastic. Generally, CD43 must be used in
myeloid lineage, plasma cells, and tumors origi- a panel with other more specific lymphoma mark-
nating from these cells. ers. Adenoid cystic carcinoma is one of the rare
Noteworthy is the so-called “CD43 only pat- non-hematopoietic tumors that express CD43.
tern” characteristic for some rare tumors that
express only CD43 in addition to vimentin. The = Anaplastic lymphoma kinase (ALK, CD246, p80)
CD43 only immunophenotype is characteristic =~ Expression pattern: cytoplasmic/nuclear

for a subset of the following neoplasms, whichto ~ Main Expression in other | Expression in
consider in the differential diagnosis: diagnostic tumors normal cells
use
. Anaplastic ALK-positive large | Glial cells,
— Myeloid §arcoma and subsets of AML Jarge cell cell lymphoma, neurons,
— Anaplastic large cell lymphoma and NK  |ymphoma, malignant endothelial
tumors inflammatory | peripheral nerve cells,
— Plasma cell neoplasms myofibro- sheath tumor, T-lymphocytes
L h 11 histi . blastic tumor | rhabdomyosarcoma,
— Langerhans cell histiocytosis neuroblastoma,
glioblastoma,
Diagnostic  Pitfalls The expression of CD43 Ewing’s sarcoma/
correlates with the expression of CD5 and is not FNET
restricted to T-cell lymphomas, but also found in pifggﬁ;gcoma’
many types of B-cell lymphomas such as chronic non-small cell
lymphocytic lymphoma (CLL and SLL), Burkitt carcinoma

lymphoma, mantle cell lymphoma, and nodal/ Positive control: anaplastic lymphoma/brain tissue/
extranodal marginal zone lymphoma [8]. Since aPpendicular ganglion cells
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Fig.16.14 Anaplastic
large cell lymphoma
with ALK -positive
lymphoma cells

Diagnostic  Approach Anaplastic lymphoma
kinase (ALK) clustered as CD246 is a tyrosine
kinase receptor expressed during the embryo-
genesis and remains positive in glial cells of
CNS. ALK is negative in normal lymphoid tis-
sue but expressed in some lymphoma types,
namely, anaplastic large cell lymphoma, due to
the activation of the ALK transcription caused by
a potent promotor as a result of the t(2;5) trans-
location or another equivalent translocation [43].
ALK is also positive in the inflammatory myofi-
broblastic tumor also associated with the same
translocation [44].

A strong ALK expression is also charac-
teristic for the ALK-positive large B-cell lym-
phoma. This rare lymphoma type lacks the t(2;5)
translocation and is consistently CD30 negative
(Fig. 16.14).

T-Cell Leukemia Protein 1 (TCL-1): TCL-1 is
an oncoprotein normally expressed in the early
embryogenesis of lymphocytes. TCL-1 is over-
expressed in the cells of T-cell prolymphocytic

leukemia as a result of the t(14;14)(ql1;q32)
rearrangement specific for this leukemia type.
Other T-cell lymphoma types usually lack the
TCL-1 positivity. TCL-1 is expressed in differ-
ent lymphoma types of B-cell origin including
follicular lymphoma, Burkitt lymphoma, mantel
cell lymphoma, CLL, hairy cell leukemia, and
diffuse large cell lymphoma, whereas marginal
zone lymphoma, CD30+ anaplastic lymphoma,
and plasma cell tumors are constantly negative
for TCL-1.

The expression of TCL-1 is also characteris-
tic for testicular intratubular germ cell neoplasms
and seminoma.

16.5 Markers and Immunoprofile
of NK-Cell Neoplasms

Immunohistochemical Markers for NK-Cell
Lymphoma CD2, CD3, CD56, cytotoxic mol-
ecules (TTA-1, granzyme B, perforin), and EMA
[8, 10].
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CD56 (N-CAM; NKH1)
Expression pattern: membranous

Main Expression in other | Expression in
diagnostic use | tumors normal cells
NK Synovial sarcoma, | NK cells,
lymphomas, embryonal and activated T
multiple alveolar cells,
myeloma, rhabdomyo- cerebellum
acute and sarcoma, and brain
chronic angiosarcoma, cortex,
myeloid solitary fibrous neuro-
leukemia, tumor, chordoma, muscular
neuro- epithelioid junctions,
endocrine sarcoma, Ewing’s neurons,
tumors (small sarcoma/PNET, intestinal
cell carcinoma, | medulloblastoma, ganglion cells,
carcinoid and schwannoma and neuroendo-
Merkel cell neurogenic crine tissue,
carcinoma), sarcoma, thyroid
pheochromo- astrocytomas, follicular,
cytoma, ependymoma, epithelium,
neuroblastoma, | meningioma, hepatocytes,
ovarian sex retinoblastoma, epithelium of
cord-stromal paraganglioma, renal tubules,
tumors melanoma, osteoblasts

mesothelioma, bile

duct adenoma

Positive control: brain tissue/intestinal ganglion cells

Diagnostic Approach CD56 (neural cell adhe-
sion molecule, N-CAM) is a transmembrane
adhesion molecule and a member of the Ig
superfamily involved in the development of
neural cells and differentiation of neural tissue.
Normally, CD56 is expressed on the membrane
of neuroectodermal cells, NK cells, activated T
cells, myoblasts, and skeletal muscle. CD56 is
an important marker for NK-cell lymphoma and
also a very helpful marker for the diagnosis of
pulmonary and extrapulmonary small cell carci-
nomas. CD56 is also a sensitive but less specific
marker for ovarian sex cord-stromal tumors (see
related section).

Diagnostic  Pitfalls CD56 is an unspecific
marker with a very wide expression spectrum.
It is found in a small subset of CD4- and CD8-
positive T cells and plasma cells. CD56 is also
expressed on the cells of multiple myeloma,
whereas CDS56-negative myeloma is found
to have a poor prognosis. CD56 may be also
expressed on other tumors with similar mor-
phology such as embryonal rhabdomyosarcoma,
neuroblastoma, malignant melanoma neurogenic
sarcoma, and synovial sarcoma which to consider
in the differential diagnosis [36, 45].

Cytotoxic Molecules (Granzyme B, Perforin,
and TIA-1) Antibodies to the cytotoxic mol-
ecules are important markers for the diagnosis of
T cell and NK lymphomas. Perforin granzyme B
and TIA-1 are the most popular cytotoxic mol-
ecules used in routine immunohistochemistry.

Perforin: Perforin is a cytolytic pore-form-
ing protein found in the granules of cytotoxic
T-lymphocytes. It is able to perforate a pore in
the membrane of targeted cells.

Granzyme B: Granzyme B is a serine protease
stored in specialized lytic granules of cytotoxic
T-lymphocytes and natural killer cells together
with perforin. Granzyme B seems to enter the
target cell through a perforin-caused transmem-
brane pore to induce DNA fragmentation initiat-
ing apoptosis of targeted cells.

TIA-1: TIA-1 (also known as nucleolysin) is a
cytotoxic granule-associated protein expressed in
natural killer cells and cytotoxic T-lymphocytes.
TIA-1 has a nucleolytic activity against targeted
cells initiating apoptosis. TIA-1 is also used to
label tumor-infiltrating lymphocytes.
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Immunoprofile of T-cell and NK-cell neoplasms

Tumor type +in >90% +in 50-90% +in 10-50% |+ in <10%
(+) (+/-) (=) =)
Precursor T-cell TdT, CD7, CD2 CD3 (cytoplasmic), |CDI13,CD15 |PAX-5,
lymphoblastic Proliferation index (Ki-67): CDla, CDI10, CD4, CD19, MPO
leukemia/lymphoma 40-80% CD5, CDS, CD33,
CD34, CD99,
Fli-1, LMO2
T-cell prolymphocytic CD2, CD5, CD7, CD43, TCL-1 | CD3, CD4 CD8 CDla, CDI0,
leukemia CD25, CD28,
CD56, TdT
T-cell large granular CD2, CD3, CD5, CD8 (in the CDS5, CD4, CD57 CD56, CD56 | CD7,CDI10,
lymphocytic leukemia common type), CD16, (in the common and | (+ in NK-cell | CD25
cytotoxic molecules (TIA-1, NK-cell types) type), CD4
perforin, granzyme B) (+ in rare
types)
Adult T-cell lymphoma | CD2, CD3, CD4, CDS5, CD25 CD7, CD8
(HTLV1+)
Extranodal NK-/T-cell CD2, CD3e, CD43, CD56, CD7 CD3, CD4,
lymphoma, nasal type cytotoxic molecules (TIA-1, CDs5, CD8,
perforin, granzyme B), EBV TdT
Peripheral T-cell CD2, CD3, CD4, CD5 CD7 CD25, CD30, | ALK, CDS,
lymphoma (NOS) CD134 CD153,
CD19, CD20P
Angioimmunoblastic CD2, CD3, CD4, CD5, CD7, CD8, CD10, | CDI15
T-cell lymphoma CD10, CD28, PD-1 (CD279), CD30
bcl-6, CXCL13 EBV+ B-cell
Expanded CD21- and blasts
CD23-positive meshwork of
follicular dendritic cells
Follicular T-cell CD3, CD4, CDI10, PD1
lymphoma (CD279), bcl-6, CXCLI3¢
Nodal peripheral T-cell | CD3, CD4, CD10, bcl-6, PD-1
lymphoma TFH (CD279), CXCL13*
phenotype
Mycosis fungoides/ CD2, CD3, CD5, CD4, CD7 CDS, CD25
Sézary syndrome CD45RO
Proliferation index (Ki-67):
<5%
Enteropathy-associated | CD2, CD3, CD7, CD103 CD30, cytotoxic CD8 CD4, CD5,
T-cell lymphoma molecules (TIA-1, CD56
perforin, granzyme
B)
Monomorphic CD2, CD3, CDS8, CD56 CD4
epitheliotropic intestinal
T-cell lymphoma
Indolent T-cell CD2, CD3, CD8 CDS5, CD7, TIA-1 CD4, CD30,
lymphoproliferative CD56
disorder of the GI tract
Hepatosplenic yd T-cell | CD2, CD3, CD43, CD45RO, CD7, CD56 CD8, CDl16, | CD4, CD5,
lymphoma TIA-1 CDS5, CDllc, | perforin,
CDl11b granzyme
Anaplastic large cell ALK, CD30, clusterin, CD43, CD2, CD4, CD25, CD3, CD5, CD8, CD20,
lymphoma, ALK cytotoxic molecules (TIA-1, CD45, EMA, CD7,CD15, |CD28, PAX-5
positive perforin, granzyme B) galectin-3 fascin, bcl-6
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Immunoprofile of T-cell and NK-cell neoplasms
Anaplastic large cell CD30, clusterin?, CD43, CD2, CD4, CD25, CD3, CD5, ALK, CDS,
lymphoma, ALK cytotoxic molecules (TIA-1, CD45, EMA, CD7,CDI15, |CD20,CD28,
negative perforin, granzyme B) galectin-3 fascin, bcl-6 | PAX-5
Primary cutaneous CD30, CD4 CD45, CD25, CD2, CD3, Clusterin,
anaplastic CD30- cytotoxic molecules | CDS5, CD7 CD8, CD15,
positive T-cell (TIA-1, perforin, EMA, CD246
lymphoproliferative granzyme B) (ALK, p80),
disorders PAX-5
— Lymphomatoid
papulosis
— Primary cutaneous
anaplastic large cell
lymphoma
Subcutaneous CD2, CD3, CD8, CD43, CD45, | CDS5, CD7,CD25 CD30 CDh4
(panniculitis-like) T-cell | cytotoxic molecules (TIA-1,
lymphoma perforin, granzyme B)
Primary cutaneous CD2, CD3, CD7, CD56, CDS8 CD4, CD5
gamma delta T-cell cytotoxic molecules (TIA-1,
lymphoma perforin, granzyme B)
Primary cutaneous CD3, CD8, cytotoxic molecules | CD7 CD2 CD4, CD5
CDS8-positive aggressive | (TIA-1, perforin, granzyme B)
epidermotropic
cytotoxic T-cell
lymphoma
Primary cutaneous acral | CD8 CD3, CD5, CD7, CD4 CD30, CD56,
CD8-positive cytotoxic molecules EBV
lymphoma (TIA-1, perforin,
granzyme B)
Primary cutaneous CD3, CD4 CD8, CD30
CD4-positive small/
medium T-cell
lymphoproliferative
disorder
Hydroa vacciniforme- CDS, EBV Cytotoxic molecules
like lymphoproliferative (TIA-1, perforin,
disorder granzyme B)
Lymphomatoid CD4, CD30¢ CD2, CD3 CD8, ALK
papulosis
Aggressive NK-cell CD2, CD3g, CD16, CD30 (only |CD8, EMA CD7,CD16 | CD3, CD4,
leukemia in large transformed cells), CD5, CD8,
CD56 cytotoxic molecules CD57
(TIA-1, granzyme B)
Breast implant- CD2, CD4, CD5, CD30 CDI10, ALK

associated anaplastic
large cell lymphoma

2CD15 may be expressed in large cells of peripheral T-cell lymphoma
®B-cell antigens may be expressed in very rare cases (<5%) of peripheral T-cell lymphoma
‘Chemokine (C-X-C motif) ligand 13 [46]

dGolgi staining pattern

°CD30 positive only in RS-like cells of type A lesion
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16.6 Markers and Immunoprofile
of Hodgkin’s Lymphoma

16.6.1 Diagnostic Antibody Panel
for Classical Hodgkin’s
Lymphoma

CD15, CD30, MUM-1, IMP3, fascin, and J-chain
[47-49].

16.6.2 Diagnostic Antibody Panel
for Nodular Lymphocyte-
Predominant Hodgkin’s
Lymphoma

CD19, CD20, PAX-5, J-chain, BOB.1, Oct-2,
and EMA [47].

CD15

Expression pattern: membranous/cytoplasmic

Main diagnostic use Expression in other tumors

Expression in normal cells

Hodgkin’s lymphoma
(Reed-Sternberg cells),
myeloid leukemia

ALCL

Adenocarcinoma, sweat and sebaceous
gland tumors, thymoma, ovarian
carcinoma, renal cell carcinoma, thyroid
carcinoma, peripheral T-cell lymphoma,

Granulocytes and precursors (neutrophils
and eosinophils), monocytes, activated B
and T cells, proximal tubules of kidney,
intestinal Paneth cells

Positive control: appendix

Diagnostic Approach CD15 (X hapten) is a cell
surface glycoprotein involved in the regulation
of neutrophil functions. CD15 is frequently used
as a marker for normal and neoplastic myeloid
cells and monocytes. In combination with CD30,
CD15 is commonly used as a marker for Reed-
Sternberg cells in classical Hodgkin’s lymphoma

Fig.16.15 CD15-
positive Hodgkin cells in
classical Hodgkin’s
lymphoma

(Fig. 16.15). CDI5 is also expressed on differ-
ent carcinoma types but constantly negative in
mesothelioma. Carcinomas positive for CD15
reported to have worse prognosis.

Diagnostic Pitfalls
CD15 is expressed

In view of the fact that
in different hematopoietic
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and non-hematopoietic neoplasms including
adenocarcinomas, it is important to keep in
mind possible differential diagnoses and to sup-
port the final diagnosis by other more specific

antibodies.

CD30

Expression pattern: membranous/cytoplasmic

paranuclear

Main Expression in Expression in
diagnostic use | other tumors normal cells
Anaplastic Embryonal Granulocytes,
large cell carcinoma, monocytes,
lymphoma, systemic activated B, T,
Reed- mastocytosis, and NK cells,
Sternberg NK-/T-cell small subset of
cells in lymphoma, plasma cells,
classic nasopharyngeal exocrine
Hodgkin’s carcinoma, pancreas glands,
lymphoma, pancreatic Purkinje cells of
primary adenocarcinoma the cerebellum,
mediastinal melanoma, cortical neurons,
large B-cell angiosarcoma, decidual cells
lymphoma mesothelioma

Positive control:

embryonal carcinoma

Fig.16.16 CD30
expression in Hodgkin

cells of classical

Hodgkin’s lymphoma

Diagnostic Approach CD30 (Ki-1)—also known
as lymphocyte activation antigen—is a trans-
membrane glycoprotein receptor and member of
the tumor necrosis factor superfamily participat-
ing in the regulation of cell transformation, anti-
body response, and apoptosis. CD30 is normally
expressed in activated B, T, and NK cells. One of
the major utilities of CD30 in routine immunohis-
tochemistry is to highlight Hodgkin cells and mul-
tinucleated Reed-Sternberg cells in different types
of classical Hodgkin’s lymphoma (Fig. 16.16).
CD30 is also a diagnostic marker for anaplastic
large cell lymphoma and primary mediastinal
large B-cell lymphoma as well as high malignant
types of systemic mastocytosis [50].

The expression of CD30 is not restricted to
lymphoid tissue and lymphoid neoplasms but
also found in other different epithelial and mes-
enchymal tumors [51]. CD30 is a useful marker
for the diagnosis of embryonal carcinoma. CD30
labels other carcinoma types such as nasopharyn-
geal carcinoma and pancreatic adenocarcinoma.
In mesenchymal tumors, CD30 labels about 30%
of angiosarcoma.
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Diagnostic Pitfalls CD30-positive cells may be
found in different T- and B-lymphoma types.
CD30 stains also activated T and B cells in reac-
tive lymph nodes, spleen, thymus, and tonsil;
consequently, not all CD30-positive cells are
Hodgkin cells.

Fascin (actin-bundling protein; p55)

Expression pattern: membranous/cytoplasmic
Main
diagnostic use

Expression in
other tumors

Expression in
normal cells

Reed- Adenocarcinomas | Interdigitating
Sternberg cells | of the breast, and follicular
in classic colon, biliary dendritic cells,
Hodgkin’s tract, pancreas, endothelial
lymphoma, lung, ovary, and cells, EBV
anaplastic skin; papillary infected

large cell transitional cell B-lymphocytes
lymphoma, carcinoma of the

bladder; diffuse
large B-cell
lymphoma;
synovial sarcoma

follicular and

interdigitating
dendritic cell

tumors

Positive control: lymph node

Diagnostic Approach Fascin is an actin-bind-
ing protein involved in cell adhesion and motil-
ity. It is normally expressed in interdigitating
and follicular dendritic cells and variably in
endothelial cells but constantly negative in
lymphocytes, plasma cells, and myeloid cells.
Fascin is a good marker for Reed-Sternberg
cells in classical Hodgkin’s lymphoma. It is also
expressed on the membrane of anaplastic large
cell lymphoma and subtypes of diffuse large
B-cell lymphoma.

Fascin is constantly negative in normal epithe-
lium but positive in many types of transformed
or neoplastic epithelium [52]. This phenomenon
may be used for the differentiation between
hyperplastic and neoplastic urothelium.

Diagnostic Pitfalls Because of the wide expres-
sion spectrum of fascin, many differential diag-
noses must be considered in the interpretation
of the fascin immunostain. In addition to Reed-
Sternberg cells, fascin-positive cells in lymph
nodes maybe activated B-lymphocytes, cells of
diffuse large B-cell lymphoma, or even dissemi-
nated cells of metastatic adenocarcinoma.

Insulin-Like Growth Factor I mRNA-Binding
Protein 3 (IMP3): IMP3 is a cytoplasmic pro-
tein mediating RNA trafficking and cell growth,
highly expressed in the early embryogenesis.
Benign adult tissue usually lacks the expression
of IMP3 with the exception of fibroblasts, subset
of lymphocytes (mainly germinal center lympho-
cytes), ovarian and testicular tissue, placenta, and
brain. IMP3 is expressed in different premalig-
nant and malignant lesions. IMP3 is positive in
different carcinoma types including pulmonary
carcinoma, esophageal and pancreatic carci-
noma, cervical and endometrial carcinoma, tran-
sitional cell carcinoma, renal cell carcinoma, and
neuroendocrine carcinoma.

In routine immunohistochemistry, IMP3 is
used to discriminate between malignant and reac-
tive proliferative lesions. It is a useful marker to
discriminate between pancreatic adenocarcinoma
positive for IMP3 and inflammatory pancreas
lesions usually negative for IMP3. IMP3 selec-
tively stains Hodgkin and Reed-Sternberg cells in
both classical Hodgkin’s lymphoma and nodular
lymphocyte-predominant Hodgkin’s lymphoma
(Figs. 16.17 and 16.18).

Diagnostic Pitfalls ITMP3 may be positive in
other extrafollicular blasts and must be used with
other more specific markers to label Hodgkin
cells.
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Fig.16.17 IMP3
selectively labels in
Hodgkin cells in
classical Hodgkin’s
lymphoma

Fig.16.18 IMP3
selectively labels in
Hodgkin cells in nodular
lymphocyte-
predominant Hodgkin’s
lymphoma
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Immunoprofile of Hodgkin’s lymphoma

Tumor type +in >90% +in 50-90% +in 10-50% +in <10%
(+) (+/-) (=/+) =)
Classical Hodgkin’s lymphoma CD30, IMP3, CD15, CD83, CD20, CD79 CD45, Oct-2,
(Hodgkin and Reed-Sternberg cells®) in | fascin PAX-5, MUM-1, BOB.1, J-chain,
classical subtypes CD138, CD200, PU.1, EMA,
— Nodular sclerosis HLA-DR, bcl-6, CD22,
— Lymphocyte rich classic EBV (LMP1) ALK
— Mixed cellularity
— Lymphocyte depleted
— Unclassifiable
Nodular lymphocyte-predominant CD19, CD20, CD75, CD79a, CD10, CDI15,
Hodgkin’s lymphoma (lymphocytic/ CD22, CD45, CD40, bcl-6, fascin, MUM-1,
histiocytic cells®) or popcorn cells CD86, PU.1, EMA CD30, CD138,
(L&H cells) Oct-2, PAX-5, CD200, ALK
BOB.1, (p80), EBV
J-chain, IMP3

aUsually negative IgH and TCR gene rearrangements
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