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The use of monoclonal and polyclonal antibodies for
the immunophenotyping of non-Hodgkin's lym-
phomas in paraffin-embedded tissue has been limited
by the fact that most antigens on lymphoid cells are
denatured by histologic fixation, dehydration, and em-
bedment. In this article the authors have analyzed a
small panel of antibodies which represent exceptions
to this rule, in that they identify denaturation-resistant
determinants on leukocyte antigens in paraffin-em-
bedded tissue. Monoclonal antibodies L27 and 4KB5
label preferentially B cells, monoclonal antibody
UCHL1 stains predominantly T cells, and monoclonal
antibody MAC 387 reacts with granulocytes and some
macrophages. A polyclonal antiserum raised against
purified CD3 (T3) antigen, a T-cell-specific molecule,

CONSIDERABLE advances have been made in
classifying non-Hodgkin's lymphomas according to
neoplastic cell lineage.'"5 This has been facilitated re-
cently by immunohistologic staining of cryostat sec-
tions.6-8 However, the application ofthis technique to
routinely processed, paraffin-embedded tissue sec-
tions has been hindered by the inability of most
monoclonal and polyclonal antibodies against
human leukocyte antigens to give satisfactory im-
munostaining on this type of material.9
One exception to this rule is represented by mono-

clonal antibodies that react with leukocyte common
antigen in formalin-fixed and paraffin-embedded
sections. Such reagents have been of great assistance
in the distinction of lymphoma from other poorly
differentiated tumors.'0 Similarly, monoclonal anti-
bodies against the CD 15 antigen (X hapten) have
achieved widespread use in the recognition of Reed-
Sternberg cells and the diagnosis of Hodgkin's dis-
ease. 11,12

From SUNY Health Science Center at Syracuse, Syracuse, New
York; Nuffield Department ofPathology, John Radcliffe
Hospital, Oxford, England; ICRF Laboratories, Lincoln's Inn
Fields, London, England; and the Histopathology Department,
Finseninstitutet, Copenhagen, Denmark

was also employed. This antibody panel was used to
immunophenotype routinely processed tissue biopsy
specimens from 61 non-Hodgkin's lymphomas (all of
which had been previously phenotyped in cryostat sec-
tions). The lineage ofthe neoplastic cells was correctly
identified in 32 of 34 (94%) cases ofB-cell lymphoma,
in 19 of19 (100%) cases ofT-cell neoplasm, and in 2 of4
(50%) cases of histiocytic malignancy. It is concluded
that this combination of antibodies is helpful in im-
munophenotyping non-Hodgkin's lymphomas when
only paraffin-embedded tissue sections are available,
although additional reagents of higher specificity are
required to improve the identification oflymphomas.
(AmJ Pathol 1987, 129:54-63)

In contrast, monoclonal antibodies recognizing an-
tigens associated with B cells, T cells, and macro-
phages in routinely processed pathologic material
have been more difficult to identify, and only recently
have a few reagents of this sort been reported.13-17 In
the present study we assessed the usefulness ofa panel
ofsuch monoclonal antibodies in the immunopheno-
typing non-Hodgkin's lymphomas in routinely pro-
cessed tissue sections. A polyclonal antiserum specific
for the CD3 (T3) molecule, previously shown to be of
value in identifying routinely processed T-cell neo-
plasms, was also assessed.'8
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Materials and Methods

Tissue Samples

Paraffin-embedded sections of formalin-fixed tis-
sues from 61 cases of non-Hodgkin's lymphomas
were obtained, together with small numbers of sam-
ples from tonsils showing reactive lymphoid hyper-
plasia and 3 cases oftissues containing invasive carci-
nomas (adenocarcinoma of the breast, lung, and
colon). The diagnoses of non-Hodgkin's lymphomas
and categorization according to the Kiel classification
were made on hematoxylin and eosin-stained sec-
tions.'9

Fresh tissue samples had been obtained from all
cases at the time of surgical resection, snap-frozen
immediately in liquid nitrogen, and stored at -70 C.
The remainder of the tissue was fixed and processed
according to standard methods in a routine busy his-
topathology laboratory. As a result, the fixation times
varied somewhat from specimen to specimen and day
to day. To determine the usefulness ofother fixatives,
we placed portions of tonsil in one of the following
solutions: Bouin's solution, B5, neutral-buffered for-
malin, acidic formalin, unbuffered formalin, Car-
noy's solution, and Zenker's solution. Following ade-
quate fixation, tissues were processed according to
standard methods and stained with monoclonal anti-
bodies.

Monoclonal Antibodies

The antibodies used on paraffin sections in this
study are briefly described in Table 1. The monoclo-
nal antibodies used to immunophenotype cases of
non-Hodgkin's lymphoma in cryostat tissue sections
have been previously described: antibodies against
IgM, IgD, kappa, lambda, CD20, and CD22 for iden-

tifying B cells; monoclonal antibodies to CD2, CD3,
CD4, and CD8, polyclonal antibody to terminal
deoxynucleotidyl transferase (TdT) for labeling T
cells; and monoclonal antibodies against theY 1 /82A,
EBM 11, and KB90 determinants for macro-
phages.8'23,24

Immunohistologic Phenotyping

Paraffin sections (at 3-4,) and cryostat sections (at
6 ,i) were stained with either an immunoperoxidase or
the alkaline phosphatase anti-alkaline phosphatase
(APAAP) method. 18,25
To determine whether treatment of paraffin em-

bedded tissue sections with dilute concentrations of
trypsin would enhance the reactivity of monoclonal
antibodies, routinely processed tissue sections of
human tonsil were incubated for 10, 20, 30, and 40
minutes with 0.1% trypsin in 0.1% CaCl2 solution (pH
7.8) prior to immunostaining.26

Results
Reactivity of Antibodies With Non-Neoplastic
Tissues

Monoclonal antibodies L27 and 4KB5 stained
B-cell areas oflymph node, spleen, ileum, colon, ton-
sil, and thymus (from a patient with myasthenia
gravis). Germinal center cells stained strongly with
monoclonal antibody L27 and moderately to weakly
with monoclonal antibody 4KB5. In contrast, lym-
phocytes of the mantle zone reacted strongly with
monoclonal antibody 4KB5 and moderately with
monoclonal antibody L27. Monoclonal antibodies
L27 and 4KB5 stained occasional lymphocytes in the
dermis, interstitium of the lung, and sinusoids and

Table 1 -Antibodies Used for Immunophenotyping Non-Hodgkin's Lymphoma in Paraffin-Embedded Tissues

Reactivity with
normal cells

Pan-peripheral
B cells

Germinal center
and mantle zone
B cells, subset
T cells and monocytes

T cells, subset of
B cells, macrophages,
mature granulocytes

T lymphocytes,
squamous epithelium
(weakly)

Granulocytes, subset
of macrophages

Antibody

L27

Type of
antibody

Monoclonal

4KB5 Monoclonal

UCHL1

Molecular
weight of
antibody

35 kD

170 kD

180 kD

25-29 kD

Monoclonal

CD3

Cluster
designation

CD20

CD45

CD45R

CD3Polyclonal

MAC 387

Reference

16,20

15

13,14,
21

22
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periportal areas ofthe liver. However, plasma cells did
not stain with either monoclonal antibody L27 or
4KB5.
Monoclonal antibody UCHL1 stained intensely

T-cell areas of the lymph node, spleen, ileum, colon,
thymus, and tonsil and also rare lymphocytes in the
dermis, interstitium of the lung, and the periportal
areas of the liver. In addition, monoclonal antibody
UCHL 1 reacted weakly with epithelial cells and other
mononuclear cells of tonsil. B-cell areas were gener-
ally unreactive with monoclonal antibody UCHL1.
The anti-CD3 (T3) serum, as described in another

publication from this laboratory,'8 stained T lympho-
cytes in thymic and peripheral lymphoid tissue and
was unreactive with other cell types with the excep-
tion of weak staining of squamous epithelium.
Monoclonal antibody MAC 387 reacted with gran-

ulocytes and a subpopulation ofmacrophages located
in the lymph node, spleen, ileum, colon, thymus,
skin, and lung. It did not react with dendritic reticu-
lum cells, tingible body or other germinal center mac-
rophages, Langerhans cells of the skin, or Kupffer
cells in the liver. In addition, monoclonal antibody

MAC 387 reacted with stratified squamous epithe-
lium and with occasional epithelial cells in skin ap-
pendages. Staining in the skin was strongest in areas
overlying tumors or inflammatory lesions and was
weak or negative on normal skin.

Reactivity of Antibodies with Non-Hodgkin's
Lymphomas
The phenotypes (as determined by immunostain-

ing in cryostat sections) and the histopathologic diag-
nosis of the 61 cases of non-Hodgkin's lymphomas
investigated in this study are presented on Table 2,
together with the staining patterns obtained on paraf-
fin sections. Most ofthe known histologic variants of
non-Hodgkin's lymphomas were represented in this
study.
The neoplastic cells in paraffin-embedded sections

from 32 of 34 (94%) B-cell neoplasms were stained by
L27 and/or 4KB5. Monoclonal antibody L27 was
positive in 29 cases, and monoclonal antibody 4KB5
positive in 30 cases. However, monoclonal antibody
L27 reacted with two cases of centroblastic lym-
phoma not marked by monoclonal antibody 4KB5,

Table 2-Immunohistologic Labeling of 61 Cases of Non-Hodgkin's Lymphomas Stained in Paraffin Sections

B-cell T-cell
No. of markers markers

Diagnosis cases L27 4KB5 UCHL1 CD3

B-cell lymphomas (34 cases)
Centroblastic

Immunoblastic
Lymphoblastic

Centroblastic-centrocytic
Centrocytic
Chronic lymphocytic
leukemia
Immunocytoma
(lymphoplasmacytic)
Plasmacytoma
(multiple myeloma)
Hairy-cell leukemia

T-cell lymphomas (19 cases)
Pleomorphic T cell

Malignant histiocytosis
of intestine (MHI)
Cutaneous T cell
Lymphoblastic

Macrophage/monocyte
malignancies (4 cases)
Malignant histiocytes

Unclassified lymphomas (4 cases)
Pleomorphic
Pleomorphic
Immunoblastic
Cutaneous

8
2
1

1
2

1 1

4
1
1

+

+

1

+

7

3

+

1

3
2
2

1

1

2

1

1

+

Macrophage
marker

Mac387
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and L27. Surrounding macrophages and T cells are stained by monoclonal antibody MAC 387 and polyclonal anti-CD3 (pT3) serum, respectively, but the
lymphoma cells are negative.

whereas monoclonal antibody 4KB5 reacted with 2
cases of lymphoblastic lymphoma and with 1 case of
chronic lymphocytic leukemia which were unstained
with monoclonal antibody L27. In the cases positive
for both antibodies, monoclonal antibody L27 gave a
more intense staining of follicular center cell lym-
phomas than monoclonal antibody 4KB5; whereas
monoclonal antibody 4KB5 reacted more strongly

with chronic lymphocytic leukemia, lymphoblastic
lymphoma, and lymphoplasmacytic lymphoma.

In 1 case ofB-cell lymphoma, none ofthe monoclo-
nal antibodies reacted with the neoplastic cells. In 1
other case, clearly of B-cell type when stained on cryo-
stat section, only monoclonal antibody UCHL 1
reacted with the malignant cells.
Monoclonal antibody UCHL 1 stained neoplastic

Vol. 129 * No. I
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1W5a < s 'L2 7'
Figure 2-Chronic lymphocytic leukemia in which the malignant cells are
labeled by monoclonal antibody 4KB5 not by L27.

cells in 12 of 19 cases (63%) of T-cell lymphoma.
However, among the 7 UCHL1-negative cases, 5
(26%) were unreactive with any of the monoclonal
antibodies; and the remaining 2 cases were stained
only by monoclonal antibody 4KB5.
The polyclonal antiserum specific for CD3 (T3)

antigen reacted with 18 out of 19 (95%) cases ofT-cell
lymphoma and was unreactive with all other types of
lymphoma. The single unreactive case was that of
malignant histiocytosis of the intestine which also
lacked the T3 antigen on frozen tissue examination,
but possessed the UCHL 1 determinants.

In 2 of the 4 (50%) histiocytic lesions, monoclonal
antibody MAC 387 stained a subpopulation ofmalig-
nant cells and in 1 of these cases, monoclonal anti-
body UCHL1 also stained the neoplastic histiocytes.

In 4 cases ofnon-Hodgkin's lymphoma, the lineage
of the neoplastic cells could not be determined on

frozen tissue sections despite the use of an extensive
panel of monoclonal antibodies. When the panel of
four monoclonal antibodies was applied to the fixed
sections from these cases, monoclonal antibody
UCHL1 and polyclonal antibody CD3 reacted in 1

case; whereas the remaining 3 cases were negative
with all four antibodies.

Trypsinization of Paraffin-Embedded Tissues

The intensity of the staining reaction with mono-
clonal antibodies L27 and 4KB5 was diminished
when formalin-fixed paraffin sections were pre-
viously exposed to trypsin. In contrast, the staining
reaction with monoclonal antibody UCHL1 was en-
hanced, but B-cell areas also showed reactivity. Stain-
ing of granulocytes, macrophages, and epithelium
with MAC 387 was greatly enhanced in intensity fol-
lowing digestion with trypsin. Staining ofT cells with
the polyclonal anti-CD3 (T3) serum was also greatly
enhanced by exposure to trypsin. In general, the opti-
mal effects of trypsin were observed within the first
10-20 minutes of incubation.

Effects of Different Fixatives

The effects of different fixatives on the reactivity of
monoclonal antibodies L27, 4KB5, UCHL1, and
MAC 387 were determined. Although slight varia-
tions occurred among the monoclonal antibodies, the
best results were generally observed with formalin,
neutral buffered formalin, and acidic formalin. Inter-
mediate results were observed with B5, Bouin's solu-
tion, and Carnoy's solution; unacceptable results
were obtained with Zenker's fixative. With the use of
the latter fixative, all cells and tissues stained with the
immunochemical label.

Reactivity of Monoclonal Antibodies L27, 4KB5,
UCHL1, and MAC 387 in Nonlymphoid Neoplasms
Monoclonal antibodies 4KB5, UCHL1, and MAC

387 did not react with neoplastic cells from any ofthe
3 cases of adenocarcinoma of the lung, breast, and
colon. Although monoclonal antibody L27 stained
neoplastic cells from these tumors weakly, this reac-
tion could be easily differentiated from the intense
staining observed in adjacent lymphocytes and in
neoplastic lymphocytes from cases of non-Hodgkin's
lymphoma.

Discussion

In this study, a panel of antibodies, four monoclo-
nal, one polyclonal, against leukocyte-associated an-
tigens was examined for their reactivity on routinely
processed tissue sections. Two antibodies reacted pre-
dominantly with B cells, two with T cells, and the fifth
with granulocytes and macrophages. The reactivity of

AJP * October 1987
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Figure 3-T-lymphoblastic lymphoma showing staining
of the neoplastic cells by the polyclonal anti-CD3 (pT3)
serum. High-power magnification of the neoplastic cells
(inset at bottom) shows the strong cytoplasmic expres-
sion of the CD3 antigen. The tumor cells are negative
with monoclonal antibody 4KB5, which outlines a reac-
tive follicle (*) unstained by polyclonal anti-CD3 (pT3).
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UCHL1
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Figure 4-Pleomorphic T-cell lymphoma stained by
monoclonal antibody UCHL1 and polyclonal anti-CD3
serum (pT3). High-power insets show the predominant
membrane staining with anti-UCHL1 and the cytoplas-
mic staining with anti-CD3. The tumor cells were un-
stained by the monoclonal anti-B-cell antibody 4KB5 (not
illustrated).
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Figure 5-A case of malignant histiocytosis involving the testis in which the large pelomorphic cells seen in the hematoxylin and eosin stain are labeled by the
monoclonal antibody MAC 387. The higher power view below shows that the labeled cells are clearly neoplastic. In this case some of the malignant cells are also
positive with monoclonal antibody UCHL1.

the antibodies was assessed first on nonneoplastic tis-
sue and then on a wide range of neoplastic lymphoid
samples.

Previous studies have shown that monoclonal anti-
body L27 reacts with the CD20 B-cell-associated anti-
gen,20 a molecule found on most B cells in the periph-
eral blood and peripheral lymphoid tissues, but only
on a limited range ofB cells at later stages of matura-
tion.16'20 In the current study, monoclonal antibody
L27 stained germinal-center B cells more intensely
than mantle-zone lymphocytes and (among non-
Hodgkin's lymphomas) reacted with neoplastic cells
from 85% of the cases of B-cell lymphoma. In con-
trast, none of the cases of T-cell lymphoma or malig-
nant histiocytosis were reactive. It is of interest that
antibody L27 tended to react more intensely with
neoplastic cells from follicular center cell lymphomas
than with those from lymphoblastic lymphomas, im-
munoplasmacytic lymphomas, and multiple mye-
loma.
Monoclonal antibody 4KB5 recognizes a high-mo-

lecular-weight form ofthe leukocyte common antigen

family (CD45R) which tends to be preferentially ex-
pressed by B cells. 15'20'27 In fresh tissues or cell suspen-
sions, monoclonal antibody 4KB5 reacts with periph-
eral blood B cells as well as a subpopulation ofT cells
and monocytes. However, in paraffin-embedded tis-
sue sections, the antibody stains predominantly lym-
phocytes of B-cell areas, particularly mantle-zone
lymphocytes.

In the current study, monoclonal antibody 4KB5
stained the majority (88%) of B-cell lymphomas but
also reacted with 2 cases of T-cell lymphoblastic lym-
phomas (out of 19 tested), which suggested that in
paraffin-embedded sections it recognizes early T cells
(thymocytes).
When both monoclonal antibodies L27 and 4KB5

were used, almost all (94%) B-cell lymphomas were
identified. The exceptions (immunoblastic lym-
phoma and multiple myeloma) are not unexpected,
because the CD20 and CD45R antigens, in common
with other B-cell-associated antigens,'5"6'27 are not
present on normal plasma cells.
Monoclonal antibody UCHL1 appears (in com-

Vol. 129 * No. I
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mon with 4KB5) to recognize a low-molecular-weight
molecule belonging to the family of leukocyte com-
mon antigens'3"4'2' and in fresh cell suspensions,
binds to thymocytes, to subpopulations ofCD4- and
CD8-positive T cells, to monocytes, and to granulo-
cytes. It also reacts with cell lines ofT-cell, B-lympho-
blastoid, and plasma-cell origin.'3
When monoclonal antibody UCHL1 was applied

to' routinely processed normal lymphoid tissue, its
staining reactions (strong labeling of T cells, weak
labeling of monocytes and granulocytes, and little or
no staining ofB lymphocytes) were essentially identi-
cal to the results previously reported. 13"14 It stained the
majority (9/12) of peripheral T-cell lymphomas, but
only three of seven T-cell lymphoblastic (TdT-posi-
tive) lymphomas. This suggests that expression ofthe
UCHL1 determinant tends to increase in later stages
of T-cell maturation, and that lymphomas composed
of progenitor T cells may not possess this determi-
nant. This is in keeping with previous reports that
UCHL1 binds to memory T cells, thymic cells, and
mature T cells, but not cells of the earliest stages of
thymic expression.'3"14
Monoclonal antibody UCHL 1 stained single cases

of B-cell lymphoma and malignant histiocytosis, in
keeping with its presence on normal monocytes,
granulocytes, and a subpopulation of B cells.'3"14
The reactions of the polyclonal antiserum against

the CD3 (T3) antigen are of particular interest be-
cause this molecule, unlike other molecules studied in
paraffin-embedded lymphoma tissues in this and
other reports, is known to be restricted to a single
white cell lineage. In keeping with this property, the
reactions of this antibody were highly selective for
T-cell neoplasms. Because this polyclonal antibody
was prepared by immunizing rats with a purified
preparation ofthe T3 molecule, the strategy ofraising
monoclonal antibodies against purified preparations
of well-characterized T-cell, B-cell, and macrophage-
associated antigens is likely to prove increasingly
fruitful in the future.

In 1 case, monoclonal antibody UCHL1 and poly-
clonal antibody CD3 reacted with neoplastic cells, the
lineage of which could not be identified after immu-
nophenotyping on frozen tissue sections. Because no
other antibodies reacted with this case, the neoplastic
cells are probably derived from T cells.
Monoclonal antibody MAC 387 binds to a cyto-

plasmic determinant present in cells of the mono-
cyte/macrophage series.'7 Although a specific cluster
designation has not been assigned to this determi-
nant, it was classified in the Third Workshop in a
group together with other antibodies recognizing
monocytes, macrophages, and granulocytes.28 In par-

affin-embedded tissues, the antibody stained predom-
inantly granulocytes and a subpopulation of macro-
phages. Although it stained the squamous epithelium
ofskin and tonsil biopsies, it did not react with malig-
nant epithelial cells in adepocarcinoma biopsies.
Monoclonal antibody MAC 387 stained 2 of the 4
cases ofmalignant histiocytosis and none ofthe other
cases of non-Hodgkin's lymphoma. However, a de-
finitive judgement of its diagnostic value (given the
rarity and difficulties in diagnosing malignancies of
true histiocytic origin) requires the analysis of a large
series of fully phenotyped putative histiocytic neo-
plasms.
There have been several other reports of the use of

monoclonal antibodies in the study ofnon-Hodgkin's
lymphomas in paraffin-embedded tissues. 13,29-33 The
monoclonal antibodies employed in these studies
have proved useful, but were either largely limited to
the identification of B-cell lymphomas30,3' or were
not lineage-restricted. In order for immunohisto-
chemical techniques to be of significant utility in the
routine pathology laboratory, there must be accessi-
ble reagents sufficiently comprehensive, sensitive,
and specific to identify positively the lineage of most
cases of non-Hodgkin's lymphomas on convention-
ally processed tissues. The current study was per-
formed for evaluation of the feasibility of this ap-
proach by means of available reagents and methods.

This panel of antibodies has proven to be particu-
larly helpful in the immunophenotyping of non-
Hodgkin's lymphomas in routinely processed tissues.
In most cases, these antibodies accurately reflected
the immunophenotype provided by frozen tissue ex-
amination. Because of the superior morphology of
paraffin-embedded tissues, the ease of performing
immunoenzymatic studies and the precision of inter-
preting results, we believe that this panel ofantibodies
could be very useful to the pathologist in the immuno-
logic analysis of non-Hodgkin's lymphomas. How-
ever, there is a continued need for additional mono-
clonal antibodies which are lineage-specific and will
stain paraffin-embedded tissues, particularly for the
identification of neoplastic T cells and histiocytes. In
the former type of neoplasm, a monoclonal antibody
duplicating the specificity ofthe polyclonal anti-CD3
serum would be of considerable value.
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