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Application ofa T Cell Receptor Antibody fFl
for Immunophenotypic Analysis of
Malignant Lymphomas
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One hundred sixty-five non-Hodgkin's lymphomas
(101 B, 63 T, one histiocytic) were immunostained
with an antibody (,6F1) reactive with acommon frame-
work determinant on the ,-subunit ofthe T cell recep-
tor (TCR). O1 stained T lymphomas exclusively, in-
cluding 53% ofperipheral T cell lymphomas but only
33% ofTlymphoblastic lymphomas. When expression
of 6F1 and CD3 were considered together, 4 types of
T lymphoma were delineated: 1) 6Fl+CD3+; 2)
j#F1+CD3-; 3) ,BF1-CD3+, and 4) #F1-CD3-. The
first represented lymphomas with classical T immuno-
phenotype. The second might represent T lymphomas
with aberrant loss ofCD3 expression. The third might

THE DEMONSTRATION OF surface markers using
leucocyte monoclonal antibodies has contributed sig-
nificantly to the study of malignant lymphomas. The
diagnosis of T cell lymphomas can sometimes be
difficult, however, because of the lack of markers for
monoclonality and the cross-reactivity ofsome "T cell
markers" with cells of other lineages. 1-6 The problem
is compounded further by the frequent loss of one or
more T cell markers and the occasional expression of
natural killer (NK) cell markers in peripheral T cell
lymphomas, particularly those ofthe nasal region.7-15
The exact lineage of lymphoid malignancies express-
ing both T cell and NK cell markers is still unset-
tled. 16-21
The T cell receptor (TCR) is a heterodimer ofcova-

lently linked alpha and beta chains, and is closely as-
sociated with the CD3 molecule on the T cell sur-
face.2224 It occurs in the vast majority of T lympho-
cytes, and can serve as a specific marker of cell
differentiation.2223,25,26 In this study, 165 cases ofma-
lignant lymphoma were stained with an anti-af3 TCR
antibody (flFl)1427-28 and 2 CD3 antibodies, among
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represent T lymphomas with a putative second TCR
or cases with an immature phenotype expressing cy-
toplasmic CD3 only. The fourth type included cases
that may be derived from natural killer cells instead of
T cells, cases ofT lymphoma with aberrant loss ofboth
ftF1 and CD3, and some cases ofimmature T cell (lym-
phoblastic) lymphoma. #F1-CD3- lymphomas ex-
hibited a remarkable predilection for the nasal region.
OBF1 is useful in studying T cell lymphomas and distin-
guishing a novel immunophenotype frequently ex-
pressed by nasal lymphomas. (Am J Pathol 1988, 132:
365-371)

others. The aim was to study the value of,BFl in diag-
nosing T lymphomas and in revealing their immuno-
phenotypic heterogeneity. It was also hoped that j3F1
might help to clarify the nature of the many T cell
lymphomas ofthe nasal region that lacked CD3.12"13"15

Materials and Methods

Tissues

Fresh tissues from 165 cases ofnon-Hodgkin's lym-
phoma obtained from the Department of Morbid
Anatomy, Prince of Wales Hospital and Institute of
Pathology, Queen Elizabeth Hospital, Hong Kong,
were studied. Part of the tissue was fixed in neutral
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Figure 1-Peripheral T cell lymphoma of the skin. A-The infiltrate consists of medium-sized cells possessing round, indented to elongated nuclei
with dense chromatin and small nucleoli. Vascularity is rich. (H&E, X400) B,C-Membrane staining with #F1 and Leu4 (anti-CD3) respectively. (ABC
immunoperoxidase, x200)

buffered formalin and processed for paraffin blocks.
Four-micron sections were cut and stained with he-
matoxylin and eosin (H&E). The rest was snap frozen
in liquid nitrogen (-170 C) and stored at -70 C for
subsequent immunohistochemical staining.

Monoclonal Antibodies

fFl was obtained from T cell Sciences, Inc, Cam-
bridge, MA. It is a murine IgG 1/Kappa monoclonal
antibody that reacts with acommon framework deter-
minant on the TCR 3-subunit, and recognizes the a#
TCR complex. The derivation and characterization of
f,F1 have been described.27'28 A wide panel of leuco-
cyte monoclonal antibodies was also used as described
previously,5'10"2"3 with the addition of anti-Leu4
(CD3) obtained from Becton Dickinson (Mountain-
view, CA) and anti-T2 (CD7) from Dakopatts (Co-
penhagen, Denmark).

Immunohistochemical Staining

Six-micron sections were immunostained with the
antibodies using the avidin-biotin-peroxidase com-
plex (ABC) technique.29 Counterstaining with hema-

toxylin or methyl green was performed as deemed
necessary.
The lymphoma was considered to express the im-

munologic marker when more than half of the neo-
plastic cells showed membrane staining (Figure 1). B
lymphomas were characterized by expression of one
or more pan-B markers (CD 19, CD20, CD22) and/or
light chain restriction. The diagnosis ofT lymphoma
was made if the lymphoma cells expressed one or
more T cell markers (CD2, CD3, CD4, CD7, CD8).

Results

There were 101 B lymphomas, 63 T lymphomas,
and 1 true histiocytic malignancy (CD1 1+, CDw14+,
EBM 1 1+). Sixty-three percent ofT lymphomas were
extranodal, 27 cases of which occurred in the nasal
region. With the exception of6 cases ofT lymphoblas-
tic lymphoma, all T lymphomas were of the periph-
eral T cell type.3032
The neoplastic cells of the B lymphomas and the

single case oftrue histiocytic malignancy did not stain
with BF 1, while the scattered reactive small cells in the
background did (Figure 2). ,BF1 stained 2 ofthe 6 cases
of T lymphoblastic lymphoma and 30 (53%) of 57
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Figure 2-Burkittlike B cell lymphoma. A-Monotonous population of medium-sized cells with interspersed histiocytes. (H&E, x150) 8-Lymphoma
cells show membrane staining with the CD19 antibody B4. (ABC immunoperoxidase, X150) C-Lymphoma cells are not stained by PF1 while some
reactive small lymphocytes are stained. (ABC immunoperoxidase, X150)

cases of peripheral T cell lymphoma (Tables 1 and 2,
Figure 1). Among the ,BFl-negative T lymphoblastic
lymphomas, 1 had the phenotype ofa mature thymo-
cyte (case 3), while another had the phenotype of a

primitive T lymphoblast (case 4). Two other jFFl-neg-
ative cases had aberrant T phenotypes not corre-

sponding to that of normal thymocytes (cases 5 and
6). For peripheral T cell lymphomas, #FI was demon-
strated more frequently in the nonnasal (80%) than
nasal (22%) area. Similar to #Fl, CD3 was expressed
more frequently in nonnasal (80%) than in nasal
(33%) T lymphomas. The difference was more strik-
ing between nasal and nodal lymphomas. There was

no discrepancy in expression ofCD3 antigen as deter-
mined by anti-T3 and anti-Leu4, except in 9 cases,
that were T3-Leu4+. It could not be determined with
certainty in most cryostat sections whether the CD3
staining was on the cell surface, in the cytoplasm, or

both, because the rim ofcytoplasm was often thin. In
cases with more cytoplasm, the staining was on the
cell membrane.
When the expression of flFI and CD3 were consid-

ered together, 4 types of peripheral T cell lymphoma

could be delineated (Table 3). Type I expressed both
,BF1 and CD3. Most lymphomas of this type did not
express NK markers (NKHI and/or Leull/CD16).
Type II expressed ,BF1 but not CD3, and the single
case ofthis type did not express NK markers. Type III
expressed CD3 but not flF1; 2 ofthe 4 cases expressed
NK markers. Type IV expressed neither #F1 nor
CD3. Many ofthe nasal lymphomas belonged to this
type, and also expressed NK markers.

Discussion
TCR is closely associated with the CD3 molecule,

and acts as a receptor for antigen recognition.22~24'26'33

Table 1 -#F1 Expression and Immunophenotypes of 6T
Lymphoblastic Lymphomas

Case ,BF1 CD3 CD1 CD2 CD4 CD5 CD7 CD8

1 + + + + + + + +
2 + + + + + + + -
3 - + + + + + + +
4 - - - - _ _ +
5 - + - - _ + - _
6 - + - + + _
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Table 2-Expression of T Cell Antigens and TCR in Peripheral T Cell Lymphomas

Number (%) of positive cases

,F1 CD3* CD2 CD4 CD5 CD7 CD8

Nodal(N= 18) 17 16 17 17 10 4/17 2
(94%) (89%) (94%) (94%) (56%) (24%) (11%)

Nasal (N = 27) 6 9 24 14 5 3/22
(22%) (33%) (89%) (52%) (19%) (14%) (0%)

Other extranodal sites 7 8 12 6 7 4/11 4
(N = 12) (58%) (67%) (100%) (50%) (58%) (36%) (33%)

Total(N=57) 30 33 53 37 22 11/50 6
(53%) (58%) (93%) (65%) (39%) (22%) (11%)

* CD3 positivity was defined by positive staining of neoplastic cells with anti-T3 and/or anti-Leu4.

The demonstration ofTCR or CD3 is good evidence
of T lineage. In the maturation of T lymphocytes,
CD3 appears in the cytoplasm at about the intermedi-
ate thymocyte stage (stage II), but on the cell surface
only in late (stage III) thymocytes and mature T lym-
phocytes.34-36 The discordance between surface and
cytoplasmic expression ofthe CD3 antigen is explana-
ble by the obligatory coexpression ofCD3 with TCR
on the cell surface ofT lymphocytes.37 Although TCR
:-chain mRNA appears in the cytoplasm ofimmature
T lymphocytes at about the same time as cytoplasmic
CD3, TCR a-chain mRNA does not appear until the
late thymocyte stage (Stage III).34,35,38,39 Therefore,
TCR a-chain production appears to be the limiting
maturation-linked event in the transport, assembly
and cell surface membrane insertion ofthe TCR-CD3
complex.36
Though antibodies to TCR have been quite used

widely for the immunologic study of T cells,26'34'40-42
they have not been used widely to characterize lym-
phoproliferative diseases.'4"19'27'43 Recently, 3 mono-
clonal antibodies, ,3Fl, fF2, and WT31, were com-
pared for the immunohistochemical study of malig-
nant lymphoid cells, and #Fl was found to give the
best results.28 In the present study, flFI was evaluated
on a large number ofmalignant lymphomas including
a group ofnasal lymphoma with distinct immunophe-
notypes.
None of the B cell and histiocytic lymphomas ex-

pressed f3F1, attesting the specificity of f3F1 for deter-
mining the T cell lineage ofa neoplasm.
There is normally an obligatory requirement for the

coexpression of TCR and CD3.3437 In general, f3FI
and CD3 are either both expressed or both absent in
the peripheral T cell lymphomas. There are, however,
some exceptions. Four types can therefore be delin-
eated: 3F1+CD3+ (type I), 3F1+CD3- (Type II),
flFI-CD3+ (type III) and 3F1-CD3- (type IV). The
first type has an immunophenotype corresponding to
that of normal T lymphocytes, and NK markers are
expressed only rarely. The second type (f3FI+CD3-)

is rare and shows an aberrant T cell immunopheno-
type, probably explanable by loss of antigens as has
frequently been demonstrated in peripheral T cell
lymphomas.7'4 The third type (F7F14-CD3+) can rep-
resent a novel type of T-lymphomas possessing a
different TCR such as 'y5-TCR or y'y'-TCR."5' Cells
expressing the putative second TCR instead of af3-
TCR constitute only a minor population ofnormal T
lymphocytes, but may be increased in some primary
immunodeficiency diseases.49-50 Therefore, further
study ofthis group oflymphomas may lead to a better
understanding of the function of the minor TCRs.
Another possibility to be discussed with T lympho-
blastic lymphomas is that such cases may represent
a more immature phenotype with cytoplasmic CD3
expression only.
The fourth type (i3FI-CD3-) is noteworthy. Sixty-

one percent oflymphomas of this type expresses 1 or
more NK markers, and many occur in the nasal re-
gion, as demonstrated in the authors' previous
study.'3 Recent studies'7"8'52 suggest that lympho-
cytes with NK-like activities (nonmajor histocompati-
bility-restricted cytoxicity) may include: 1) nonmajor
histocompatibility-restricted cytotoxic T lympho-
cytes, which are CD3+NK+, and 2) true natural killer
cells, which are CD3-NK+. The exact lineage of the
NK cells remains unresolved, but cases oflarge granu-
lar lymphocyte proliferation with a similar phenotype
ofCD3-NK+ do not show rearrangement ofthe gene
for the beta chain of TCR. 16-19,21 However, it is of in-
terest that when purified normal natural killer cells
(CD3- TCR- NK+) are cultured with interleukin-2,
the majority of the cells become CD3+ TCR+
NK+,'9 although different results are observed in neo-
plastic large granular lymphocyte proliferations.'7'53
Whether these cases of,BFl-CD3-NK+ lymphoma
represent true T cell orNK cell neoplasms remains to
be clarified (these cases have been provisionally desig-
nated "peripheral T cell lymphomas" in this study be-
cause of their expression of CD2 and/or CD4). The
distinctive group of,3Fl-CD3-NK+ nasal lympho-
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Table 3-Analysis of 4 Subtypes of Peripheral T Cell Lymphoma Addendum

Other Since submission of this manuscript, Picker et al
extranodal

Nasal Nodal sites also reported on the discordant expression of CD3
Type I #F1 +CD3+ NK+* 1 2 1

and T cell receptor beta-chain antigens in T lineage
(Npel,BF129) 3+ NK-' 5 2 6 lymphomas.58 The discordance is attributed to aber-

Type 11 fF1 +CD3- NK+ - - - rant phenotypic expression in the neoplastic state
(N =1) NK- - 1 _ probably due to abnormal gene expression. Com-

Type IIl #F1 -CD3+ NK+ 1 - 1
(N = 4) NK- 2 - - pared with the results of Picker et al, there is a lower

Type IV ,F1 -CD3- NK+ 14 - - rate ofexpression of#Fl in peripheral T cell lympho-
(N = 23) NK- 4 1 4 mas ofthis series. This is probably due to the high pro-
NK+, NKH1 +Leul 1 + or NKH1 -Leul 1 + or NKH1 +Leul 1-. portion of nasal lymphomas among the peripheral T

lymphomas.

mas may serve as a good model for studying the rela-
tionship between T cells and NK cells. There are also
some cases of f3Fl-CD3- peripheral T cell lym-
phoma that do not expressNK markers, and they may
represent lymphomas with aberrant loss ofsurface an-
tigens.

Since T-beta gene rearrangement and expression
occur later than CD7 expression in T cell develop-
ment, 3FI may fail to react with early T cell neo-
plasms, as in the case that expresses only CD7.s4 In
the present series, the 2 cases with a more mature im-
munophenotype express ,BF1, and 3 CD3+ cases are
OF1-. The latter phenotype may be due to expression
of a TCR other than ca3 with CD3,39'45' or sole ex-
pression of cytoplasmic CD3. The expression ofCD3
in the cytoplasm corresponds to an early stage of T
cell maturation.34'35'55 However, because lympho-
blasts have scanty cytoplasm, cytoplasmic and/or sur-
face CD3 expression cannot be distinguished in this
study using cryostat sections alone.35'55 Detection of
surface antigen without simultaneous detection of in-
tracellular antigen would require the use of fresh un-
fixed cells in suspension.35'55'56
The present series also shows discrepancy in immu-

nohistochemical results of 2 CD3 antibodies, anti-T3
(Coulter) and anti-Leu4 (Becton Dickinson). Nine
cases expressed only Leu4 but not T3. Differences in
reactivity of 2 other CD3 antibodies (OKT3 and
UCHT 1) in T cell neoplasms also have been re-
ported.57 It is possible that different CD3 antibodies
recognize different epitopes on the CD3 molecule.
Therefore it may be necessary to use more than one
antibody to detect CD3 expression.

In summary, FIF is a specific and fairly sensitive
marker of T cell neoplasms. It may help to define
different subtypes of T lymphoma that represent the
neoplastic counterparts of minor populations of T
cells. It also helps to define a novel type oflymphoma
occurring frequently in the nasal region that may rep-
resent neoplasm of natural killer cells.
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