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ABSTRACT. Immunohistochemistry plays an integral role in the
diagnosis of malignant lymphoma. The recent development of antibodies
against fixative-resistant epitopes, the improvement of antigen retrieval
techniques, and the introduction of highly sensitive detection systems have
expanded the possibility of immunophenotyping of malignant lymphoma
in routinely processed paraffin sections. This review provides precise
information regarding antibodies useful in paraffin-section immunohistochemistry,
as well as strategies for the immunohistochemical diagnosis of malignant
lymphoma based on up-to-date classification.
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Lymphoma diagnosis not only requires knowledge of classical histology
but also of immunohistochemistry, flow cytometry, and molecular studies
because up-to-date lymphoma classification is based on recent understanding of
normal lymphoid cell differentiation.’® Although the immunohistochemical
evaluation of malignant lymphoma has been limited in the past due to a
paucity of antibodies that work on paraffin sections, the recent development of
antibodies against fixative-resistant epitopes, the improvement of antigen
retrieval techniques,® and the introduction of highly sensitive detection
systems® have expanded the possibility of immunophenotyping of malignant
lymphoma in routinely processed paraffin-embedded sections. As a result,
paraffin-section immunohistochemisty is becoming an integral part of the
diagnostic process. The aim of this review is to describe a recent advance in
paraffin-section immunohistochemistry with special attention paid to antibodies
useful for the differential diagnosis of malignant lymphoma.

Antibodies useful for the diagnosis of malignant lymphoma

1. Non-lineage-specific antigens
1-1. Leukocyte Common Antigen (LCA)

LCA (CD45) is a major glycoprotein on cells of hemopoietic origin
showing considerable heterogeneity in both structure and expression.
Biochemical heterogeneity has been attributed to differences in the primary
sequence and glycosylation. This antigen is composed of a family of five or
more high molecular mass glycoproteins (180, 190, 205, and 220 kD) present on
the surface of the majority of human leukocytes® but absent from mature
erythrocytes, platelets, plasma cells, and non-hematopoietic cells.¥ Normal
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lymphocytes are positive for this antigen. Macrophages react to a variable
degree with the antibody. Polymorphs are usually weakly labeled. LCA works
on Carnoy’s-, ethanol-, and B5-fixed paraffin-embedded sections but can also be
used on formalin-fixed material without antigen retrieval. However,
overfixation with formalin gives false negative results. If normal lymphocytes
are not stained with anti-LCA monoclonal antibody (mAb) in a formalin-fixed
paraffin-embedded section, one should consider the possibility of overfixation.
LCA is quite useful for the differential diagnosis of small round cell tumor.
Granulocytic sarcoma has frequently been positive for this antigen.” One
should remember that some large-cell lymphomas will not be stained in
paraffin-sections, even when lymphocytes in the same tissue are positive. Since
LCA is not expressed on the majority of plasmacytomas and multiple myeloma,
it cannot be used in distinguishing anaplastic myeloma from carcinoma.
Reed-Sternberg (R-S) cells and their mononuclear variants are negative for this
antigen.®

1-2. Terminal deoxynucleotidyl transferase (TdT)

TdT is a unique DNA polymerase enzyme that can add deoxynucleotides
to the end of a DNA molecule without a template.” This enzyme is a marker
for T cell precursors in the thymus as well as bone marrow B cell precursors.
TdT has been detected by immunofluorescence or immunoperoxidase on
imprints or frozen sections. A simple TdT immunostaining method for
paraffin-sections has been recently reported.!® The method involves the use of
microwave pretreatment, polyclonal rabbit anti-TdT antiserum, and the Elite
kit (Vector Laboratory) as a detection system. The pattern of staining is
nuclear. TdT has been demonstrated in most cases of ALL regardless of their
immunological phenotype, in lymphoblastic crises of CML, and consistently in
lymphoblastic lymphoma (Fig 1). It is also present in the thymocytes of
thymomas and in the blastic T cells of rare cases of acute myeloid
lenkemia.!*'?

1-3. Ki-1 antigen (CD30)

CD30 antigen is a single chain glycoprotein with a molecular weight
(MW) of 120 kD. It has been postulated that it functions as a growth factor
receptor.’® It reacts with scattered large lymphoid cells (immunoblasts) at the
rim of germinal centers and interfollicular areas in most lymphoid tissues. This
antigen is also expressed in B cells, T cells activated in vitro, some plasma cells,
immature erythroblasts, and megakaryocytes in paraffin-embedded sections. The
staining may be membrane-and Golgi-associated (dot-like) or cytoplasmic. It is
useful in confirming the diagnosis of anaplastic large cell lymphoma (ALCL)
or Hodgkin’s disease in conjunction with morphological features and other
antigens.'¥ Occasional large cells in other non-Hodgkin’s lymphomas may be
positive. Fixation strongly influences the immunostaining. In routine work,
we do not absolutely rely on this antigen for the diagnosis of HD because it
is not wunusual- for typical HD to lack detectable CD30 expression.
Carcinomas, especially embryonal cell carcinoma may occasionally express
CD30.'® Immunostaining for cytokeratin and placental alkaline phosphatase
(PLAP) solves the differential diagnostic problem between ALCL and
embryonal carcinoma.
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Fig 1. Nuclear expression of TdT in T-lymphoblastic lymphoma. No staining is seen
in reactive germinal center cells. Original magnification, x 80.

Fig 2. Cyclin D1 expression in mantle cell lymphoma. No staining is seen in reactive
germinal center cells. Original magnification, x 40.

Fig 3. Immunostaining of anaplastic large cell lymphoma with ALKI1. Original
magnification, x 132.

Fig 4. Leu-M1 expression of Hodgkin’s disease. Original magnification, x 100.

Fig 5. CD20 expression in follicular lymphoma. Original magnification, x 25.

Fig 6. CD45RO expression in follicular cell lymphoma. Positive cells outline
neoplastic follicles. Original magnification, x 25.

Fig 7. CD56 expression of nasal NK cell lymphoma. Original magnification, x 132.

Fig 8. TIA-1 expression is nasal NK cell lymphoma. Original magnification, x 132.
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1-4. Ki-67 antigen

The utility of the proliferation index in predicting the outcome in
lymphoma patients has been confirmed.!® Ki-67 is a nuclear antigen associated
with proliferating cells and expressed in all nucleated cells except Go cells.!”
It is detected in frozen and paraffin-sections; staining is nuclear. In our
laboratory, microwave treatment in a pressure cooker is used to obtain a good
immunostaining result with MIB-1, a monoclonal antibody reacting with Ki-
67 antigen. The Ki-67 labeling index (the number of Ki-67 positive cells/the
total number of cells) can help in an indivisual approach of the proliferation
rate of each tumor and this may be an important parameter for prediciting the
biological behavior of non-Hodgkin’s lymphomas; i.e. high-grade NHLs
display a higher proliferation rate than low grade ones. Actually, a statistically
significant difference has been found between Ki-67 labeling of low-and
high-grade lymphomas as classified by the Kiel classification!® and the
International Working Formulation,'® although remarkable variations in MIB
-1 expression have been found among individual cases of the same histological

group.

1-5. Bcl-2

The Bcl-2 protein (MW : 25 kD) is an integral membrane protein localized
within mitochondria and is encoded by a gene involved in (14 ; 18) chromosomal
translocation.?” This protein plays a role in preventing programmed cell death
as an anti-apoptosis factor. The gene is normally inactive in germinal-center B
cells, which have a high rate of cell death, but is active in most long-lived T
and B cells and in most B cell lymphomas.?? Therefore, the monoclonal
antibody has been able to detect this protein in small B cells in the marginal
zone, many cells within T cell area in lymph nodes and many thymocytes in
medulla of thymus. In formalin-fixed paraffin-embedded sections, microwave
pretreatment is mandatory to obtain a positive result. Detection of the Bcl-2
protein is very useful in distinguishing between reactive follicles and follicular
lymphoma?*?® but not in the diagnosis or subclassification of other B cell
lymphomas and T cell lymphomas.

1-6. Cyclin DI

Cyclin DI protein belongs to a family of proteins which function primarily
in the cell cycle by regulating the activity of cyclin dependent kinase.?¥ There
are two representative monoclonal antibodies that work on paraffin-sections,
5D4% and DCS-6.29 Under normal conditions, these antibodies react with
some type of epithelial cells and stromal cells. Chromosomal translocation t
(11; 14) (ql13: g32), involving rearrangement of the bcl-1 locus, is closely
associated with mantle cell lymphomas (MCL) and increased cyclin DI
expression. Thus, cyclin D1 immunostaining is diagnostic in MCL (Fig 2).
However, it has been hard to obtain satisfactory results from cyclin DI
immunostaining on paraffin-sections. The following is our protocol for the
immunostaining of DCS-6: (i) Microwave treatment in citrate buffer (pH 6.3)
for 10 min in a pressure cooker; (ii) 60 min incubation in DCS-6 at room
temperature ; and (iii) incubation in Elite kit as'the detection system. Recently,
cyclin D1 has been shown to be expressed in multiple myelomas with the t (11;
14) (q13: g32).27 ©
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ONPM/ALK

1-7. Chimeric protein p8

Some anaplastic large cell lymphomas (ALCLs) carry a specific
chromosomal translocation, t (2; 5) (p23; q35).22 The incidence of t (2; 5)
(p23; q35) is higher in neoplasms from children than from adults. Antiserum
against a hyperphosphorylated 80 kD protein tyrosine kinase (p80), a fusion
protein of two different genes on chromosomes 2p23 and 5q35, in accordance
with the sequence of the NPM/ALK gene, has been shown to be efficient for
detecting lymphomas producing this chimeric protein.?® Microwave treatment
is mandatory to the immunostaining. A monoclonal antibody, ALK-1, reacts
with the product of ALK but does not stain normal tissues.*” Immunostaining
of this antibody is clearer than that of the polyclonal antibody against p80 (Fig
3). The antigen has been found in approximately 40%~60% of the nodal
ALCL. Skin ALCL were constantly negative. Clinicopathologic comparison
of p80-positive and-negative ALCLs showed that p80-positive cases occurred
in a far younger patient age group and that the patients had a far better 5-year
survival rate. Lymphohistiocyiic ALCLs show positivity for ALK protein,®"
whereas HD-like ALCL is negative for p8ONFMWALK AL K1 immunostaining is
particularly useful in detecting residual lymphoma cells and investigating bone
marrow involvement of ALCL.%?

2. B cell-associated antigen
2-1. Immunoglobulin (Ig)

Normally, populations of human B cells carry » or A light chains in
approximately a 2: 1 ratio. Since neoplastic populations arising from a single
progenitor cell should contain only a single light chain, » or A, the presence
of light-chain restriction is evidence of neoplasia. Cytoplasmic
immunoglobulin immunostaining of formalin-fixed paraffin-embedded sections
is particularly valuable in the diagnosis of plasmacytoma and monoclonal
plasma cell differentiation in mucosa-associated lymphoid tissue (MALT)
lymphoma.?® Enzymatic digestion or high temperature antigen retrieval of
formalin-fixed sections results in clearer staining.’¥ There may be a high level
of background staining because immunoglobulin is normally present in plasma.
This is particularly true for Ig G, may be a problem with Ig A, » and A.
Therefore, experience is required to interpret the immunoglobulin staining
correctly.

2-2. CD20

CD20 is a membrane-embedded glycoprotein of approximately 33-37 kD?*®
which contains four membrane-spanning domains and intracytoplasmic
phosphorylation sites. CD20 expression is restricted to normal and neoplastic
B cells. A representative monoclonal antibody, L26, stains bone marrow pre-B
cells, germinal centers and mantle zone B cells but not plasma cells and
epithelial cells. No cross reactivity with non-hematopoietic neoplasm has been
shown with L26, whereas staining of smooth muscle cells is often seen. The
pattem of staining is membranous. As with other paraffin-reactive antibodies,
its reactivity varies with tissue fixation. Without antigen retrieval, no positive
staining of L26 has been found in Bouin’s-fixed samples, but immunostaining
is recovered with microwave antigen retrieval.®® CD20 antigen, detected by
126, is expressed in more than 90% of B cell lymphomas (Fig 5), 50% precursor
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B-lymphoblastic lymphomas, 60~70% of ALL, 60~100% of Hodgkin’s disease
of nodular lymphocyte predominance (NLPHD), 6~75% of other forms of HD,
6~20% of multiple myelomas, 3% acute myeloid leukemias (AMLs), and 25
~30% chronic myelogenous leukemias (CMLs) blastic transformation. In
NLPHD, Read-Sternberg (RS) cells show membrane and paranuclear globular
staining. Although the author have not had an experience, this antigen has
been expressed in some cases of T cell lymphoma.®” Immunomorphologic
analysis using L26 is a more sensitive method for detecting residual hairy cells
than morphology alone.®®

2-3. CD79

The CD79 molecule with a molecular weight of 70 kD is the dimeric
protein associated with Ig®*® and comprised of two polypeptide chains, CD79a
and CD79b. CD79a is B cell specific, appearing before the pre-B cell stage and
persisting to the plasma cell stage. Expression of CD79b starts later than that
of CD79a and ceases earlier. The monoclonal antibody, JCBI117, has reacted
with CD79a. It stains the great majority (97%) of B cell neoplasms, covering
the full range of B cell maturation, including multiple myeloma/
plasmacytoma.*® The antibody can label precursor B cell acute lymphoblastic
leukemia/lymphoma samples, making it a rather reliable B cell marker
detectable in paraffin-embedded specimens. All neoplasms of T cell or
nonlymphoid origin have been negative. Thus, JCB117 may be of value for the
identification of B cell neoplasms of all maturation stages. However, the
staining intensity of CD79a in B cell lymphomas seems to be variable as
compared with that of CD20.

2-4. CDI10

The CDI10 (CALLA) antigen is expressed in a wide variety of epithelial
and nonepithelial tissues.* CDI10 can be specifically and sensitively detected
on paraffin sections using the monoclonal antibody 56C6 or NCL-CD 10-270
after epitope retrieval.*? Strong staining has been seen in lymphoid germinal
“centers, renal tubules, glomeruli, syncytiotrophoblasts, hepatic parenchymal
canaliculi, follicle center lymphomas, Burkitt lymphomas, and precursor
B-lineage acute lymphoblastic leukemias (ALL). Therefore, these monoclonal
antibodies are especially useful for the differential diagnosis of small-B cell
lymphoma and subtyping of lymphoblastic leukemia.*®

3. T cell-associated antigens
3-1. CD3

CD3 is expressed on both thymocytes and mature T cells.*¥  The
polyclonal antisera raised against the synthetic peptide sequence from the
intracytoplasmic portion of CD3e-chain, have resulted in strong labeling in
routine paraffin embedded sections, with negligible background staining. This
antibody works well in Bouin’s-fixed paraffin-embedded sections but less well in
formalin-or B5-fixed sections.*® The CD3e-chain is also expressed in NK cell
lymphomas. When compared with other paraffin-reactive T cell antibodies
(UCHLI1, MT1, Leu-22, DF-T1 and MT2), the anti-CD3¢ antibody is the most
specific of the anti-T cell antibodies.*®
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3-2. T cell receptor 8 chain

The T cell receptor (TCR) complex is composed of the TCRa/pg
heterodimer and the associated CD3 complex.*” TCR are expressed on both
thymocytes and mature T cells. The monoclonal antibody BFI reacts with a
common framework determinant of the A subunit of the T cell receptor.
Antibody BF]1 is a specific and relatively sensitive marker of T cell phenotype
in formalin-fixed paraffin sections of malignant lymphomas.*® In
pronase-treated formalin-fixed paraffin-sections, it is equivalent to surface CD3
in T cell specificity, but staining may be weak. GF1 immunostaining is
particularly valuable in differentiating @/8 T cell lymphomas from NK cell
lymphomas and y/6 T cell lymphomas which are not stained with this
antibody.*?

3-3. CD45RO

The monoclonal antibody UCHL -1 recognizes CD45RO antigen, lowest
molecular mass isoform (180 kD) of CD45. This antigen is expressed by most
thymocytes, a subpopulation of resting T cells of both CD4* and CD8* cells,
and mature activated T cells (Fig 6). However, 25-50% of normal T cells
(unstimulated or virgin T cells) lack the antigen. Presently, UCHL-1 is being
used widely for detecting T cell lymphomas.®® The advantage of this antibody
is that it shows strong membranous immunostaining in formalin fixed sections
without antigen retrieval.®® In angioimmunoblastic T cell lymphoma, clear
cells are clearly outlined with this antibody. However, UCHL-1 is not specific
for T cells. This antibody also stains monocytes and macrophages. It rarely
stains B cell lymphomas (centroblastic and immunoblastic lymphoma).*® Other
types of hematopoietic tumors, such as NK cell lymphoma and granulocytic
sarcoma, are labeled with UCHL-1. The author have frequently experienced
severe background staining with this antibody in Bouin-fixed bone marrow
sections.

3-4. CD4

CD4 is a single chain transmembrane glycoprotein with a molecular weight
of 59 kD.*® This antigen is present on 80% of thymocytes and 45% of
peripheral blood lymphocytes, monocytes, and macrophages. CD4 antigen can
be detected in paraffin-sections using the monoclonal antibody 1F6 and
microwave treatment in 1 mM EDTA solution (pH 8.0), but the staining is
frequently faint and diffuse. Most cases of cutaneous T cell lymphoma,
including mycosis fungoides.’» HTLV-I associated adult T cell leukemia/
lymphoma, and plasmacytoid T cell lymphoma, have been stained with this
antibody.

3-5. CD§

CD8 is expressed mostly as an «/f heterodimer by most thymocytes and
one third of peripheral T cells and splenic sinus lining cells. A proportion of
y/8 T cells and NK-cells express CD8 «/a homodimers.®® Mason et al
reported monoclonal antibodies, raised against a 13 amino acid peptide
sequence from the cytoplasmic portion of the & chain of the human CDS8
molecule.®® This antigen can be detected in paraffin-sections without prior
treatment of the sections if the tissue has been fixed in Bouin’ s fixative. When
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tissues have been fixed in formalin, microwave treatment is required. This
regent is of value for identification of CD8* peripheral T cell lymphoma.

3-6. CD56

CD56 is a heterodimeric glycoprotein of 145, 185 kD which has been
identified as a neural cell adhesion molecule (NCAM).5? CDS56 expression can
be analyzed using a clone, 123C3 or 1B6, not only on frozen tissues but also
on paraffin-sections with prior antigen retrieval.®® This antibody reacts with
autopsy sections.®® Neoplastic cells show membrane staining. In normal or
reactive lymphoid tissues from a variety of sites, only a few small lymphocytes
(0.1%) have shown cell membrane staining with 123C3. This antibody has
reacted with putative natural killer (NK) cell lymphomas (Fig 7), which shows
a predilection for the upper aerodigestive tract, skin, skeletal muscle, and other
extranodal sites and pursues an aggressive clinical course; intestinal T cell
lymphomas; and y/d& T cell lymphomas.®® Cases of CD56- positive B cell
lymphoma and multiple myeloma have also been recently reported.®:62

3-7. TIA-1

T cell intracellular antigen (TIA)-1 is a 15 kD cytotoxic granule-associated
protein whose expression appears to be restricted to a subpopulation of
peripheral blood lymphocytes possessing cytolytic potential.’¥ Because TIA-1
binds poly(A) in vitro and induces apoptosis in permeabilized thymocytes, it
may be involved in the induction of apoptosis in target cells during lymphocyte
attack. This antigen is expressed in 55% of CD8* T lymphocytes, 6% of CD4+
T lymphocytes, and 100% of NK cells, but not in B lymphocytes. Although
TIA-1 recognizes a 15 kD protein in unstimulated T cells, activated T cells are
induced to express several higher molecular weight proteins that are also
recognized by TIA-1 monoclonal antibody. Neutrophils and monocytes/
macrophages are also labeled with this antibody. This antibody is useful for
detecting cytotoxic T cells and NK cells in allograft rejection and GVHD, and
for making diagnosis of T/NK cell lymphoma with a cytotoxic phenotype®
(Fig 8). Malignant lymphoma mimicking fulminant hepatitis frequently
expresses TIA-1.5%

3-8. Granzyme B

Granzyme B (a serine protease) is a major constituent of the cytotoxic
granules of activated T cells and NK cells.®® 1t activates casepase-3, which
induces the apoptosis of target cells. Most extranodal T cell lymphomas appear
to be derived from cytotoxic T cells, which express perforin, TIA-1 and
granzyme B. Therefore, the role of granzyme B in tissue damage by cytotoxic
T cell lymphomas is particularly intriguing issue.®® However, these cytologic
features have not been shown to be useful in predicting the clinical course of
T cell lymphomas.”%® In contrast to anti-TIA-1 monoclonal antibody,
anti-granzyme B monoclonal antibody does not react with myelomonocytic
cells. :

4. Myeloid cells-associated antigens
4-1. CDI5
The structure recognized by the monoclonal antibody Leu-Ml1 is
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Lacto-N-Fucose Pentosyl III (X-hapten).®® This antigen is expressed on 90% of
circulating human granulocytes (neutrophils and eosinophils) and 30-60% of
circulating monocytes. It is also present on some epithelial cells, but reacts
with few tissue macrophages. The immunostaining of Leu-Ml is cytoplasmic
but some membrane labeling may also be noted, particularly in epithelial cells.
Cytoplasmic dot-like staining has been reported in a case of granulocytic
sarcoma.’®  This antibody stains not only myeloid leukemia but also
Reed-Sternberg (R-S) cells (Fig 4) and their variants in all types of HD other
than that of lymphocyte predominance.””  Typical R-S cells show both
peripheral membrane staining and paranuclear (Golgi) staining of Leu-MI.
Interestingly, Leu-M1 has been reported to react with large cells infected with
cytomegalovirus infection.”” Combined immnunohistochemistry of CD15 and
Epstein-Barr virus encoded RNA-1 (EBER-1) in situ hybridization has revealed
CDI15-positve R-S cells to be positive for EBER-1.7®

4-2. CD68

The CD68 antigen is associated with lysosomes™ and is recognized by the
monoclonal antibodies KPl1 and PG-MI1. It is strongly expressed in
cytoplasmic granules and weakly on the surface. KP1 labels cells of monocyte/
macrophage lineage, myeloid precursors, peripheral blood granulocytes,
plasmacytoid T cells, and a subpopulation of B cells in routinely processed
tissue sections.  Neoplasms of myelomonocytic cells, and some B cell
lymphomas and leukemias (hairy cell leukemia) have been stained by antibody
KPI1, but staining has usually been confined to small dots of reactivity. KP1
is a valuable tool for recognition of extramedullary presentation of leukemia
and true histiocytic neoplasia.’  Some anaplastic large cell lymphomas,
granular cell tumos, melanomas, renal cell carcinomas, and MFHs were also
stained with KP1. PG-M1 was produced by immunizing BALB/c mice with
fresh spleen cells from a patient with Gaucher’s disease. PG-MI reacts strongly
with a fixative-resistant epitope of an intracytoplasmic molecule, selectively
expressed by virtually all macrophages. In formalin-fixed samples, enzymatic
predigestion or high temperature antigen retrieval is preferred. Unlike other
CD68 antibodies, PG-M1 detects only the macrophage-restricted form of the
CD68 antigen.” In daily diagnostic practice, PG-M1 seems to be particularly
valuable for the diagnosis of myelomonocytic or monocytic leukemia and
neoplasms of true histiocytic origin in routine paraffin-sections.”™

4-3. Mpyeloperoxidase

Myeloperoxidase is a major constituent of primary granules of neutrophilic
myeloid cells. Myeloid cells of both neutrophilic and eosinophilic types, at all
stages of maturation and myeloblasts and immature myeloid cells of acute
myelogenous leukemia, progranulocytic leukemia, monomyelocytic leukemia,
erythroleukemia, myeloblastomas, and other hematopoietic disorders stain with
rabbit polyclonal antibody to human myeloperoxidase. Myeloperoxidase has
not been observed in the neoplastic cells of a wide variety of epithelial tumors
and sarcomas.”  This is a very useful marker for the identification of
granulocytic sarcoma.”
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Application of paraffin-section immunohistochemistry in the differential
diagnosis of malignant lymphomas

1. Lymphoma versus non-lymphoid tumor

Paraffin-section immunohistochemistry is very useful in differentiating
between malignant lymphomas and other undifferentiated malignant tumors.
Apanel of antibodies should always be used in such cases, because unexpected
cross-reactions leading to misdiagnosis are not uncommon. The pitfalls in the
differential diagnosis may be summarized as follows: (i) CD45 is the most
useful antigen for a confirmation of malignant lymphomas but some
lymphomas lack reactivity for this antigen®?; (ii) Some lymphomas express
vimentin®” and epithelial membrane antigen (EMA)®?; (iii) Rare lymphomas
may be positive for cytokeratin.®®

2. Reactive hyperplasia versus malignant lymphoma

The first important step in studying tissues suspected of malignant
lymphoma, is to differentiate the lesion from a reactive lesion. As described
above, Bcl-2 immunostaining is particularly useful in differentiating follicular
lymphoma from follicular hyperplasia.  Monotypic immunoglobulin light
chains (light chain restriction; » : A ratio exceeding 10: 1 or 1 : 10) are the
only reliable findings for confirming a diagnosis of low grade B cell lymphoma
versus lymphoid hyperplasia when morphologic features are inconclusive or
equivocal.  However, polyclonal immunoglobulin immunostain does not
exclude a diagnosis of lymphoma because reactive plasma cells are commonly
found in the lamina propria even for lymphomas. MALT lymphoma cells may
express CD43 (42% or 81%). Thus, expression of CD43 in a B cell population
in an entire population should be regarded as atypical.®¥ Demonstration of
clonal T cell receptor gene rearrangements and an aberrant phenotype, as well
as demonstration of many admixed CD8* T cells and B cells can be considered
as useful criteria in the differentiation between pseudo-T cell lymphoma and
cutaneous T cell lymphoma.®® Sometimes one or more of the pan T cell
~markers are negative in cutaneous lymphoma. This is of diagnostic use in
distinguishing pseudo-T cell lymphomas from malignant lymphomas.3®

3. Hodgkin’s disease (HD) versus non-Hodgkin’s lymphoma (NHL)
Differentiation of HD from NHL is important because their clinical
management differs. However, the morphologic and immunohistochemical
features of HD and NHL occasionally overlap, making the differential
diagnosis difficult. In general, the most helpful immunohistochemical findings
in the differential diagnosis between usual HD and B cell lymphoma are the
presence of CD15*CD307CD45 R-S cells and absence of B cell markers in HD.
However, striking morphological similarities exist between T cell-rich B cell
lymphoma and lymphocyte-predominant Hodgkin’s disease (LPHD), making
the distinction between them extremely difficult.?” Occasional cases of HD may
have some cytological atypia in the background lymphocytes, and some
peripheral T cell lymphomas may have R-S-like cells, causing problems in the
differential diagnosis. Anaplastic large cell lymphomas (ALCL) are divided to
four subtypes: common, giant cell rich, lympho-histiocytic, and
Hodgkin-related / Hodgkin’s-like. There is a biological spectrum of disease
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between HD and ALCL. Distinguishing HD from HD-like ALCL with
immunophenotyping can be difficult.®®

4. Classification of small B cell lymphomas.

The small B cell lymphomas include small lymphocytic lymphomas/B cell
chronic lymphocytic leukemia (B-CLL), lymphplasmacytoid lymphoma, mantle
cell lymphoma, marginal zone lymphoma and follicular lymphoma. These are
distinct entities but can not always be diagnosed on the basis of routine
histological study alone. A panel of monoclonal antibodies aids in the
classification of small B cell lymphomas (Table 1).1#® Cyclin DI is the best
marker for mantle cell lymphoma. CDI0 immunostaining separates follicular
lymphoma from other small B cell lymphomas.

Table 1. Immunohistochemical classification of small B-cell lymphomas
according to REAL classification.

Lymphoma Type clg CD23 CD43 cyclin DI CD20 CDIO
B-CLL/SLL —/+ + + — + _
Lymphoplasmacytoid + — —/+ — + —
Mantle cell — — + + 4 _
Follicle center — —/+ — — + +
Marginal zone 0%+ —/+ —/+ _ + _

CLL, chronic lymphocytic lymphoma ; SLL, small lymphocytic lymphoma,

CONCLUSIONS

As noted above, we are now able to select a panel of antibodies that work
on paraffin-embedded sections. Although optimal condition of tissue fixation
is different in each antibody, the antigen retrieval technique can be used to
standardize paraffin-section immunohistochemisty. Figure 9 is a representative

Malignant lymphoma

_________ 1
cD20 CD45RO |
cD79a CD3 ¢ €Db30 CcDes |

1
| B cell /ymphomaJ l T cell lymphoma | cD15 EMA
Bcl, Cyclin D HD ALCL
cD10 Y ! TdT Granzyme ALK
TIA-1
@ CD56 ALK*ALCL
|TCR’ lCD8+

l NK cell IymphomaJ lNK-Iike T cell lymphoma |

Fig 9. The schema of an immunohistochemical diagnostic method for malignant
lymphomas. Abbreviations : ALCL, anaplastic large cell lymphoma; ALK, anaplastic
lymphoma kinase ; EMA, epithelial membrane antigen ; GC, granulocytic sarcoma ; HD,
Hodgkin’s disease; HL, histiocytic lymphoma; LBL, lymphoblastic lymphoma; LCA,
leukocyte common antigen ; MC, mantle cell lymphoma; TCR, T cell receptor; TdT,
terminal deoxynucleotidyl transferase. GC and true HL belong to the myelomonocytic
cell lineage.
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schema for classification of malignant lymphomas in routine work and the
following antibodies are recommended for this purpose: 123C3 (CD56), ALK1
(p8ONFM/ALK) " Ber-H2 (CD30), DCS-6 (cyclin D1), L26 (CD20), Leu-M1 (CD15),
UCHL-1 (CD45RO), and TIA-1 (TIA-1).
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