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RAPID COMMUNICATION

Discordant Expression ofCD3 and T-Cell Receptor
Beta-Chain Antigens in T-Lineage Lymphomas

LOUIS J. PICKER, MD,
MICHAEL B. BRENNER, MD,
LAWRENCE M. WEISS, MD,
STEPHEN D. SMITH, MD,

and ROGER A. WARNKE, MD

Using an immunoperoxidase technique that identifies
both surface and cytoplasmic antigen expression, the
authors examined 28 benign reactive lymphoprolifer-
ative lesions and 55 T-lineage lymphomas for reactiv-
ity with CD3 (Leu-4; T-cell receptor-associated anti-
gen) and flF1 antibodies, the latter recognizing
nonpolymorphic determinants on T-cell receptor beta
chains. Consistent with previous observations that
these two antigens are co-expressed on the vast major-
ity ofthymocytes, peripheral blood T cells and tonsil-
larT cells, all 28 reactive lymphoproliferations showed
essentially identical patterns of CD3 and I8F1 expres-
sion. In contrast, only 29 of 55 T-lineage lymphomas
displayed coexpression of these antigens. Among 33
peripheral T-cell lymphomas, 11 cases showed
CD3/I8F1 discordance (7 CD3+/f8F1-; 4 CD3-/f8F1+),
and 5 showed absence ofboth these antigens. Nine of22

THE ADVANCES in immunohistochemical and
molecular genetic techniques in the past decade have
yielded conclusive evidence that non-Hodgkin's lym-
phomas are clonal malignancies of the immune sys-
tem, phenotypically resembling normal subsets of
lymphocytes. II Some authors have gone so far as to
suggest that lymphomas represent neoplastic expan-
sions of lymphocytes "frozen" in differentiation and
have used these tumors as models ofnormal lympho-
cyte biology.5-7 However, recent immunophenotypic
studies of non-Hodgkin's lymphoma, using well-
characterized monoclonal antibodies against lym-
phocyte differentiation antigens, have pointed out the
existence of apparently aberrant antigen profiles in
malignant lymphoid populations, profiles not reflect-
ing known lymphocyte subsets.8 For example, while
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T-lymphoblastic lymphomas showed CD3/fIF1 dis-
cordance (all CD3+/,8F1-), and 1 case was CD3-/f8F1-.
These patterns ofCD3/f8Fl expression, along with the
patterns of CD2, CD4, CDS, CD7, and CD8 antigen
expression in these neoplasms, indicate that T-cell
lymphomas can manifest phenotypes not apparently
reflective of normal T populations and suggest the
presence of abnormal gene expression in these malig-
nancies. The existence ofaberrant phenotypes in T-cell
neoplasia suggests caution in interpretation of investi-
gations using T-lineage malignancies as models ofnor-
mal T-cell biology. Finally, the identification of phe-
notypic abnormalities in T-lineage populations can be
of great diagnostic usefulness in the delineation ofbe-
nign versus malignant T-cell proliferations. (Am J
Pathol 1987, 129:434-440)

benign T-cell populations uniformly express CD5,
CD3, and CD2, T-lineage lymphomas often lack
these antigens.
To further investigate the phenomenon of"abnor-

mal" antigen expression in malignant lymphoid pop-
ulations, we examined the expression of the T-cell
antigen receptor (TCAR) complex by both benign
lymphoproliferations and T-lineage lymphomas. The
TCAR complex consists ofan antigen-specific recog-
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nition component (usually an alpha/beta chain heter-
odimer), and an invariant transmembrane signaling
component-the T-cell receptor-associated proteins
(CD3 antigens).9-'" Coexpression of these compo-
nents is essential for antigen specific T-cell function.
We previously reported that flF1, a monoclonal anti-
body specific for a common determinant of TCAR
beta chains, reacts with the great majority of CD3+
peripheral blood T cells, tonsillar T cells, and thymo-
cytes. 12 In this report we expand these observations to
include an additional 28 cases of histologically reac-

tive lymphoproliferation and 55 cases of T-lineage
lymphoma. Our results indicate that while FIFl and
CD3 are coexpressed in benign reactive T-cell prolif-
erations, T-lineage lymphomas frequently show dis-
cordant expression of these antigens or, more rarely,
lack them altogether.

Materials and Methods

Fifty-five cases of histologically diagnosed non-
Hodgkin's lymphoma classified as T-lineage on the
basis of immunohistologic staining patterns with lin-
eage-specific monoclonal antibodies were selected for
study. Cases oflymphoma were considered T-lineage
if the malignant lymphoid population expressed one
or more pan-T antigens in the absence ofB antigens,
as previously described.8 These cases included 33
cases ofperipheral T-cell lymphoma (PTL; including
6 cases ofmycosis fungoides and 27 cases ofnon-my-
cosis fungoides PTL) and 22 cases ofT-lymphoblastic
lymphoma/leukemia. Cases were selected to include
examples of both CD3+ and CD3- neoplasms. Cases
of non-mycosis fungoides PTL were histologically
subclassified as previously described.'3 Twenty-eight
cases of histologically reactive lymphoproliferative
processes, including 19 predominantly follicular hy-
perplasias (12 lymph node, 2 nasopharynx, 3 skin and
subcutaneous tissue, 1 spleen, and 1 lung), 8 predomi-

nantly paracortical hyperplasias (all lymph node),
and one granulomatous reaction in a lymph node
were studied as benign controls.

Cryostat sections from each case were examined for
reactivity with a panel of monoclonal antibodies
against T-lineage differentiation antigens (Table 1).
Additional monoclonal reagents designed to delin-
eate the B-cell, dendritic reticulum cell/macrophage,
and proliferating-cell compartments within the tissue
were utilized to facilitate case analysis, as previously
described.8 The recorded phenotypes represent the
staining pattern for the majority of cells in the T-cell
compartment (antigens recorded as negative there-
fore required less than 50% of cells in the T-cell com-
partment bearing the antigene in question). This
method of analysis takes into account the phenotypi-
cally normal T cells that often infiltrate lymphoid
neoplasms. However, minor subpopulations of
tumor cells with a different antigenic profile cannot
be excluded. In all cases interpreted as CD3+/f1F - or

CD3-/,fFI+ at least 50% of the cells were discordant
for expression of these two antigens.
Specimens were processed and stained as pre-

viously described.8"4 Briefly, application of the mur-

ine antibodies was followed by a second stage of a
biotin-conjugated horse anti-mouse antibody (Vector
Laboratories, Inc., Burlingame, Calif), which, in turn,
was followed by a third stage of avidin-conjugated
horseradish peroxidase (Vector). The sections were
then developed with diaminobenzedine, followed by
copper sulfate to darken the reaction product, and
finally counterstained with methylene blue.

Results-

All 28 cases of benign lymphoproliferation stud-
ied, including 2 cases with a predominant CD4-/
CD8+ T-cell population, showed essentially identical
patterns of,BF1 and CD3 expression (Figure 1A and

Table 1 -Monoclonal Antibodies Reactive with T-Lineage Differentiation Antigens*

Antibody CD Comment Source/reference

Pan-T
Fl - Beta chain of TCAR Reference 12
Leu-4 3 TCAR-associated antigen Becton Dickinson (BD)
Leu-1 5 67-kd, also on B-CLL BD
Leu-5 2 Sheep red blood cell receptor BD
Leu-9 7 Probable Fc receptor BD

T-Subset
Leu-2 8 Class MHC restricted T cells BD

(Cytotoxic/suppressor cells)
Leu-3 4 Class II MHC restricted T cells BD

(Helper/inducer cells)
Leu-6 1 Cortical thymocytes BD

*Abbreviations: TCAR, T-cell antigen receptor; B-CLL, B-cell chronic lymphocytic leukemia; MHC, major histocompatibility complex.
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Figure IA and B-Reactive lymph node showing similar pattems of CD3 (A) and f1Fi (B) expression. Paracortical T cells and scattered T cells within the
germinal centers (gc) and mantle zones (mz) are positive. C and D-CD3- (C), fiF1+ (D) peripheral T-cell lymphoma. E and F-CD3+ (C), fiF1- (F)
T-lymphoblastic lymphoma.

B). Appreciable numbers ofCD3+/,flF -T-cells could
not be observed with immunohistologic analysis. The
CD3+/,fFI+ population included most paracortical T
cells (both small T cells and paracortical immuno-
blasts), as well as the majority ofintrafollicularT cells.
Patterns of CD2 and CD5 antigen expression were
identical with CD3 and Fl1, whereas the numbers of
CD7 cells averaged between 70% and 90% of the
CD2+/CD3+/CD5+//1F I+ population.

In contrast to the benign processes, 26 of 55 T-lin-
eage lymphomas (47%) lacked either one or both of
the CD3 and,BFl antigens. Of these, 11% lacked both

antigens, while 36% showed discordant expression of
the two antigens (Tables 2 and 3). Among the 33 PTL
cases examined, examples of both CD3+/J1F1- (7
cases) and CD3-/JfF1+ (4 cases; Figure 1C and D)
phenotypes were observed, whereas among the,BFl/
CD3 discordant lymphoblastic malignancies only
,8F -/CD3+ cases were identified (Figure 1E and F).

Within the PTL group, phenotypic profiles with
other T-cell differentiation antigens were extremely
diverse. There was no significant correlation of
CD3//8FI expression with histologic subtype or with
expression ofeither T subset or other pan-T antigens.
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Table 2-Immunophenotypes: Peripheral T-Cell Lymphomas*

T-subset
Pan T-antigen expression antigen expression

Case Histology /F1 CD3 CD2 CD5 CD7 CD4 CD8

JF1/CD3
concordant

1 IBL + + - - + + -
2 IBL + + + - + - +
3 IBL + + + + - + -
4 IBL + + + + - + -
5 LCL + + + + + + -
6 AILD-like + + + + - - +
7 AILD-like + + + + - +
8 AILD-like + + + - +
9 AILD-like + + + + + - +
10 AILD-like + + + - - +
11 Mixed + + + + + NI NI
12 Mixed + + + - - + +
13 Mixed + + + - - +
14 SLL + + + + + - +
15 MF(P/P) + + + + - - +
16 MF(P/P) + + + + + + -
17 MF(P/P) + + + + - + -
18 IBL - - + - + - -
19 LCL - - + - + + -
20 LCL - - + + - + -
21 Mono med - - + - - +
22 Monomed - - + - +

f,F1/CD3
discordant

23 IBL - + + + - + -
24 IBL - + + + - + -
25 AILD-like - + + + - - +
26 Mixed - + + - + +
27 Mixed - +
28 MF(P/P) - + - - - - -
29 MF(P/P) - + + - - + -
30 IBL + - + - - + -
31 IBL + - + - - + -
32 LCL + - + - - + -

33 MF (tumor) + - - - - + -

IBL, immunoblasticlymphoma; LCL, large cell lymphoma; AILD-like, angioimmunoblasticlymphadenopathy-likelymphoma; mixed, mixed small and large cell
lymphoma; SLL, small lymphocytic lymphoma; mono med, monomorphic medium-sized cell lymphoma; MF, mycosis fungoides (either patch/plaque or tumor
stage); NI, not interpretable.

Among the T-lymphoblastic neoplasms, there was a
tendency for the /F1- cases to display an immature
thymic phenotype (CD4-/CD8-), as opposed to the
/8F1 cases (5 of 9 flF- cases were CD4-/CD8-,
versus only 3 of 11 ,Fl+ cases). However, this correla-
tion was not absolute: /8Fl antigen was absent in 3
cases oflymphoblastic lymphoma with a double posi-
tive (CD4+/CD3+) thymic phenotype and in 1 case of
a CD4+/CD8- (mature helper) phenotype. Interest-
ingly, the single CD3-/Fl- case displayed a CD4+/
CD8+ common cortical thymocyte phenotype, rather
than a more immature double negative phenotype.
Cases of lymphoblastic lymphoma lacking fFlI were
more likely to lack otherpan-T antigens. In fact, ofthe
7 lymphoblastic neoplasms lacking one of the pan-T
antigens CD2, CD3, or CD7, 6 also lacked,BFl, sug-
gesting that in lymphoblastic lymphoma "abnormali-

ties" in antigen profiles may be restricted to a subset of
cases.

Discussion
As previously mentioned, the human TCAR com-

plex can be functionally divided into two compo-
nents: a dimeric polymorphic antigen recognition
unit (alpha/beta chain heterodimers for the great ma-
jority of T cells; delta/gamma heterodimers for a
small subpopulation) and an at least trimeric, non-
polymorphic component (CD3) which is thought to
initiate the chain ofmolecular events leading to cellu-
lar activation.9-11l15-17

Prior studies, examining primarily cell surface ex-
pression of CD3 and TCAR antigens in tumor sys-
tems, have demonstrated coordinate expression of
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Table 3-Immunophenotypes: T-Lymphoblastic Lymphoma/Leukemia

Case

8Fl /CD3
concordant

1
2
3
4
5
6
7
8
9

10
11
12
13

8F1/CD3
discordant

14
15
16
17
18
19
20
21
22

JJF1

+
+
+
+
+
+
+
+
+
+
+
+

Pan-T antigen expression

CD3 CD2

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+

+
+

these molecules following a variety of experimental
manipulations.18-21 These studies have not, for the
most part, addressed the issue of cytoplasmic expres-
sion of these antigens.

Using techniques that demonstrate both surface
and cytoplasmic antigens, we have previously dem-
onstrated coexpression of CD3 and TCAR beta
chains in greater than 92% ofperipheral blood T cells,
greater than 90% ofthymocytes, and most tonsillar T
cells. 12 Since that study, we have examined additional
normal thymi with both single- and double-label im-
munohistology and have demonstrated coexpression
of CD3 and fiFl antigens in at least 95% of thymo-
cytes (data not shown). In this report, we show similar
patterns ofCD3 and TCAR beta-chain expression in
28 cases of histologically varied, reactive lymphopro-
liferation. While we cannot rule out a small (less than
10%) population of normal T cells with a discordant
flFI/CD3 phenotype, our results indicate that both
TCAR beta chains and CD3 appear very early in thy-
mocyte differentiation (probably cytoplasmic expres-
sion without surface expression in most cortical thy-
mocytes), and that most peripheral T cells coexpress
these antigens.

In contrast to benign populations, T-cell malignan-
cies show discordant expression of CD3 and TCAR
beta-chain antigens in 36% of the cases examined.

T-subset
antigen expression

CD5

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

CD7

+
+
+
+
+
+
+

+
+
+
+
+

+
+

+
+
+
+
+
+

CD1

+
+
+
+
+
+
+
+

+

+

CD4

+

+

+
+
+

+

CD8

+
+
+
+
+
+

+

+

+

+
+ +

Although it is possible that these neoplasms may have
arisen from the uncommon normal CD3'/,8FI- pop-
ulation (these cells presumably expressing CD3 anti-
gens with gamma/delta TCAR chains), several factors
make this unlikely. First, 4 cases ofPTL were identi-
fied with expression of TCAR beta chains without
coexpression ofCD3 (/JFI+/CD3-), a phenotype with
no known normal counterpart. Second, the normal
CD3'//8F 1- population identified in peripheral blood
has been reported to be composed predominantly, if
not exclusively, of CD8+ or CD4-/CD8- T-
cells.'2'22'23 Of the 16 CD3+/,8F 1- tumors, 5 were
CD4+/CD8- (a phenotype not reported for TCAR
gamma/delta cells). Finally, the majority ofCD3/flF1
discordant cases also showed loss ofother pan-T anti-
gens such as CD2 and CD5. Because these antigens
are expressed by all or nearly all thymocytes and pe-
ripheral T cells,8'24 their absence reinforces our suspi-
cion that the phenotypes observed in the cases in this
study were abnormal. It seems unlikely that the myr-
iad, disparate phenotypes demonstrated among these
T-cell lymphomas (especially those cases lacking
three or four pan-T antigens; eg, PTL Cases 27-33)
represent expansions ofnormal populations "frozen"
in differentiation. T-lymphoblastic lymphomas more
closely follow putative normal phenotypic patterns
than PTL, but still a significant subpopulation (up to
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half of cases) displays phenotypes consistent with ab-
normal antigen expression.
The data suggest that the phenotypic heterogeneity

in these lymphomas is, at least in part, related to aber-
rant gene expression by malignant cells, rather than
just clonal expansion of phenotypically normal T
cells. This conclusion is supported by the observa-
tions of Winberg et al, who studied a case of T-cell
lymphoma with multiple sequential biopsies and
demonstrated that morphologic and clinical progres-
sion ofthe neoplasm was accompanied by progressive
loss ofT antigens.25 Furthermore, we have identified a
small subset of non-Hodgkin's lymphoid neoplasms
displaying coexpression of T-cell, B-cell, and histio-
cytic antigens, often in association with T-cell recep-
tor gene rearrangements (L. Weiss et al, manuscript
submitted). The unusual nature of these phenotypes
argues against the hypothesis that all non-Hodgkin's
lymphomas phenotypically mimic normal lympho-
cyte populations. One important implication of the
hypothesis that lymphomas manifest abnormal phe-
notypes is that tumor cell lines or freshly explanted
lymphoma cells may not always be accurate models
of normal T-cell biology. The possibility that obser-
vations made with neoplastic cells may be distorted
by malignancy-induced alterations in phenotype sug-
gests caution in the interpretation of studies using
these cells as experimental models.
We have previously reported the diagnostic useful-

ness of pan-T antigen loss (CD2, CD3, CD5, and
CD7) in the identification of about 80% of PTL and
26% ofT-lymphoblastic neoplasms.813 The inclusion
of 8FI antibody in diagnostic panels would likely in-
crease this yield, especially for T lymphoblastic lym-
phomas where the FlI determinant is the most com-
mon antigen lost (45% of cases).

Finally, the finding that a significant percentage of
T-cell lymphomas lack TCAR beta chains is relevant
to possible attempts to treat patients with these neo-
plasms with monoclonal antibodies to TCAR vari-
able regions (analogous to the treatment of B-lineage
lymphomas with idiotype-specific anti-immunoglob-
ulin).26 Such therapeutic attempts would probably
not benefit those patients whose neoplasms fail to
express the TCAR beta chains.
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