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Short Communication
Failure of Anti-T-Cell Receptor Vf3 Antibodies to
Consistently Identify a Malignant T-Cell Clone in
Sezary Syndrome

Robert D. Bigler,*t Christine M. Boselli,*
Brian Foley,* and Eric C. Vonderheid*
From the Departments ofMedicine, Division ofHematologyl
Oncology,* Pathology and Laboratory Medicine,t and
Dermatology,t Medical College ofPennsylvania and
Hahnemann University, Philadelphia, Pennsylvania

Monoclonal antibodies (MAbs) reacting with the
human T cell receptor (TCR) V16 or V1a region
have been shown to be almost as specific as a
private idiotypic MAb in identifying T ceU clones.
When available, Vfrspecifc MAbs offer the ease
of immunofluorescence analysis to identify and
quantitate expanded malignant or nonmalignant
T ceUpopulations without requiring polymerase
chain reaction (PCR) technology to evaluate ex-
pression of V1f genefamilies. The V18 expression
of peripheral blood lymphocytes from twenty-
three consecutive patients with Sezary syndrome
has been analyzed by reverse transcriptase (RT)-
PCR. Ten patients had malignant T ceU clones
that expressed a TCR V1f corresponding to a
commercialy available anti-V.8 antibody. Immu-
nofluorescence staining with anti-Vfl MAbs
showed a direct correlation with RT-PCR results
in seven often patients. Nofalsepositive reactiv-
ity was noted on immunofluorescence staining
with any MAb. CeUls from three patients, how-
ever, did not react with the corresponding an-
ti-VflMAb. These three cases expressed a TCR V1f
from gene families containing a single member,
ie, V1314, V/318, and V1320, yet MAbs reported to
be specificfor these regionsfailed to react with
the TceU clonefrom thesepatients. Sequencing of
the PCR product in these cases confirmed the
RT-PCR results. CeUs from two patients ex-
pressed a TCR using V1f5.1-D 131.I genes with dif-

ferent J-C segments. One patient's cells reacted
with an anti-V,15.1 MAb (LC4) whereas the other
patient's ceUs bound one-tenth the amount ofthis
same MAb. These results indicate that currently
available anti-TCR V region MAbs may not react

consistently with TceU clones expressing the cor-

responding V region or may react with a low
affinity making detection difficult. Differences in
the J-C junction or in CDR3 may influence the
binding of these MAbs. Until the false negative
rate is reduced and thefine specifcity and affin-
ity of these MAbs is better characterized, both
PCR and MAb studies wiU be required to reliably
identify and quantitate clonal T ceUpopulations.
(AmjPathol 1996, 149:1477-1483)

The T cell antigen receptor (TCR) idiotype repre-
sents a unique marker for a clone of malignant T
lymphocytes. Monoclonal antibodies (MAbs) pos-
sessing private idiotypic reactivity represent the
most specific antibody reagents to identify such a
clone. However, production of these clonotypic re-
agents is time consuming and, therefore, not clini-
cally practical. We initially demonstrated that a MAb
with TCR V,B reactivity can identify a malignant T cell
in Sezary syndrome with a specificity similar to that of
an anti-idiotypic MAb.1 We further demonstrated that
anti-TCR Vf MAbs can distinguish one malignant
clone from another when antibodies with appropriate
specificity are available.2 The application of anti-TCR
V-region-specific antibodies to identify malignant
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clones has subsequently been confirmed in various
T cell malignancies.3-7 These reagents also have
been useful in characterizing expanded T cell sub-
populations expressing a limited VP repertoire in
nonmalignant diseases.8-11
The lack of availability of a panel of MAbs reacting

with all VP genes has required the use of polymerase
chain reaction (PCR) technology to more fully eval-
uate TCR gene expression on malignant and nonma-
lignant T cells. Like the antibody studies, this ap-
proach also has identified monoclonal and
oligoclonal T cell proliferation in various condi-
tions.11-15 Construction of a set of primers identifying
each V,B gene family makes this method less likely
than existing MAbs to miss an expanded T cell pop-
ulation if present.12'16,17 However, the ease and flex-
ibility of immunofluorescence analysis and its ability
to quantitate reactive cells compared with the re-
quirements of PCR or reverse transcriptase (RT)-
PCR suggests that antibody technology may be pref-
erable for research and clinical use.

To compare the utility of both of these methods
and evaluate the reactivity of commercially available
antibodies, peripheral blood T cells from patients
with S6zary syndrome were analyzed by both RT-
PCR and immunofluorescence to characterize the
VP usage by the malignant clone. This analysis of
malignant T cell clones from these patients has dem-
onstrated a limitation in the use of currently available
MAbs. An unsuspected incidence of false negative
results with MAb staining was noted, which raises a
concern about the reliability of these reagents to
consistently identify and quantitate a clonal popula-
tion.

Materials and Methods

Patient Cells
Patients were diagnosed with Sezary syndrome
based on clinical history and physical examination,
skin biopsy, peripheral blood and/or skin immuno-
phenotyping, and analysis of blood lymphocytes for
clonal TCR gene rearrangement. All patients diag-
nosed with Sezary syndrome underwent leukaphere-
sis. Lymphocytes from the leukapheresis were ob-
tained by density gradient centrifugation (Ficoll-
Paque, Pharmacia Biotech, Piscataway, NJ) and
viably cryopreserved until used for analysis.

RT-PCR
An aliquot of frozen cells from the leukapheresis was
rapidly thawed and total RNA extracted using RNA-

zol B (Cinna/Biotecx Laboratories, Houston, TX)
based on the manufacturer's methodology. RT-PCR
was performed as described by Choi et al12 using
the described C0B primer in the RT reaction and the
VP primers listed in the same study. Additional prim-
ers to detect VP21-24 were obtained from Dr. Mary
Ann Robinson (Laboratory of Immunogenetics, Na-
tional Institutes of Health). The PCR reaction was
performed as described except that Taq and PCR
buffers were obtained from GIBCO/BRL (Life Tech-
nologies, Gaithersburg, MD). The reactions were an-
alyzed on a 3% agarose gel (Metaphor, FMC Bio-
Products, Rockland, ME) stained with ethidium
bromide.

Immunofluorescence Analysis
Cells from the same aliquot used for RNA extraction
were stained by direct or indirect immunofluores-
cence as described.1 All cells were greater than
90% viable when stained. Antibodies to common T
cell markers used were CD3 (Leu-4), CD4 (Leu-3a),
CD2 (Leu-5b), CD8 (Leu-2a), CD7 (Leu-9), and anti-
TCR-a/(3-1 (WT31) (Becton Dickinson Immunocytom-
etry Systems, San Jose, CA). The anti-TCR antibod-
ies obtained commercially were 1C1, Wi 12, OT145,
16G8, LC4, S511 (T Cell Diagnostics, Woburn, MA),
LE-89, CAS1.1.3, BA62.6, and ELL1.4 (Immunotech,
Westbrook, ME). After staining, the cells were ana-
lyzed by flow cytometry using either an Ortho Diag-
nostic Systems Cytofluorograf Ils or a FACScan
(Becton Dickinson Immunocytometry Systems).

TCR Sequencing
Selected patients' V,B PCR products were se-
quenced to evaluate the accuracy of the results ob-
tained by PCR and MAb staining. Total RNA was
amplified in a RT-PCR reaction as described above.
Several reaction tubes were pooled, and the double-
stranded DNA was isolated using a Wizard PCR
Prep affinity column (Promega, Madison, WI). The
purified product was analyzed on a 3% Metaphor gel
to confirm the existence of a single band. This prod-
uct was then sequenced by the DNA Sequencing
Facility (University of Pennsylvania) using a nested
C,f oligonucleotide (AGCGACCTCGGGTGGGAA-
CAC) as the sequencing primer. Sequences ob-
tained were compared with the GenBank database,
and the TCR-,B genes were identified based on this
analysis.
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Table 1. Correlation of RT-PCR and Anti-TCR MAb Staining of Sezary Cells

CD3

91
60

90
81
86
97
92
95
98

87

FACS reactivityt

CD4

92
47

91
76
86
93
89
95
98

78

VP
69
32

1
55
71
79
88
68
0

0

0

0

3

VP
3

5.2-3
5.3
6.7
6.7
8
5.1
5.1
14
18.1
20
20
18.1

Anti-VP MAbt
Clone

LE-89
101
W112
OTi 45
OT145
16G8
LC4
LC4
CAS1.1.3
BA62.6
ELL1.4
ELL1.4
BA62.6

*Reactive V,B primer identified by RT-PCR.
tPercentage of lymphocytes reacting with the MAb described.
tIdentification of the VP MAb clone reactive with the lymphocytes and the reported V,B specificity.

Results
Cells from 23 consecutive patients with S6zary syn-

drome were analyzed by RT-PCR to identify the TCR
V,B gene utilized by each clone. Using the primer set
available, clones have been identified in 17 patients.
Failure to characterize the clones in the remaining 6
patients is due at least in part to the inability of the
primer set to detect all of the currently known VP3
genes.16 Of those patients with clones identified by
RT-PCR, 10 expressed VP gene products for which
anti-V,B MAbs were available to evaluate for reactiv-
ity. The VP primer that identified the clonal popula-
tion is listed (Table 1). Discrete TCR bands were not
observed in reactions other than the listed VP primer.
Results from patients with identified V,B genes but
without matching anti-VP MAbs are not shown.

Cells from all 10 of these patients were stained
with the entire panel of antibodies listed in Materials
and Methods (Table 1). The staining by anti-CD3 and
anti-CD4 MAbs demonstrates that most of the T cells
in the specimen express a phenotype consistent with
the diagnosis of Sezary syndrome. CD7 expression
did not provide a consistent marker to distinguish the
malignant clone in this study as 50% of the patients
had a clone that was CD7- whereas the clone was

CD7+ in the other patients (results not shown). Stain-
ing with VP-specific MAbs demonstrated that most of
the CD3+CD4+ cells in 3 patients (MW, ER, and MS)
were Sezary cells whereas results with 4 other pa-

tients (EC, EM, GT, and TJ) indicated that only 60%
to 75% of the T cells reacted with one VP-specific
MAb. Reactivity of the other anti-Vp MAbs tested but
not listed in the table was <5%. In these 7 cases, the
specificity of the anti-VP MAb and the RT-PCR iden-
tification of the Vp gene expressed by the T cell

clone agreed. In contrast, cells from 3 patients failed
to react with any of the anti-V,B MAbs tested includ-
ing MAbs that should have reacted based on the
RT-PCR results. Due to variations in VP nomencla-
ture and to illustrate the lack of cross-reactivity with
other MAbs, results with both BA62.6 and ELL1.4 are

reported for JF and JS, which demonstrate the ab-
sence of MAb binding in these patients. Thus, based
on this selected panel of patients and MAbs, no false
positive reactivity was detected nor was any cross-

reactive specificity noted. However, false negative
results were detected with three different MAbs.
One possible explanation for the discrepancy be-

tween the RT-PCR results and the flow cytometry
studies could be the failure of the T cell clones to
express the TCR. TCR expression on the surface of
the cells from each patient was evaluated as part of
the immunofluorescence characterization of VP MAb
reactivity. Flow cytometric analysis of staining with
CD3, CD4, the TCR-af3 MAb WT31, and the specific
V,B MAb for selected patients is illustrated in Figure
1. Analysis of patient MW is provided as a represen-

tative example of the staining observed with patients
EC, EM, GT, ER, and MS. The fluorescence histo-
grams for patient MW illustrate that a large percent-
age of the cells are CD3+CD4+, express the TCR,
and react with the VP3 MAb detecting the Sezary
clone as noted in Table 1.

In contrast to the reactivity of the V,P MAb in pa-

tients for which the PCR and MAb studies correlate,
cells from JF, JS, and SS failed to react with the
anti-V,B MAb. Expression of the TCR on cells from JF
is similar to that observed in MW based on staining
intensity, whereas staining of JS and SS cells is
slightly less than that observed with MW. This vari-

Patient

EC
EM

GT
MW

ER
MS
TJ
SS
JF

JS

RT-PCR,
V,B primer*

3
5.2-3

6
6
8
5.1
5.1
14
18

20
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Figure 1. Fltoorescence histograms of Sezary cells analyzed for expression of T cell anitigens. Cells fromn patients MW, JF, JS, SS, and TJ were
stained nith anti-CD3, anti-CD4, anti-TCR-a f, and anti-TCR /3 MAbs. The VD MAb illiostrated is based oni the reactive MAb for the
corresponding patienit listed in Table 1. Reactivity with the indicated MAb (shaded histogram) is conmpared with backgroundfluorescence of
a negatii)e conttrol (open histogram). The x axis is log green fluorescence.

ability in TCR staining was observed on other cells
for which V3 MAb reactivity was demonstrated and,
therefore, cannot explain the failure of Vf3-specific
MAb binding in these two cases. Flow cytometric
analysis of cells from patient TJ also demonstrated

that almost all of the lymphocytes were CD3+CD4+
and expressed essentially normal levels of TCR-a/3.
However, the staining intensity of anti-Vf35.1(LC4) is
reduced 1 log compared with the staining intensity
observed with patient MW. The decrease of anti-VfP
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Table 2. TCR-Deduced Amino Acid Sequences from Sezary Patients

Consensus and deduced amino acid sequence

< >I<>->I< J >l
<-CDR 3 ->I

Con SETQRNKGNFPGRFSGRQFSNSRSEMNVSTLELGDSALYLCASS SGNTIYFGEGSWLTVV
MS SETQRNKGNFPGRFSGRQFSNSRSEMNVSTLELGDSALYLCASSLKVQGAGNTIYFGEGSWLTVVEDLNX

Con SVSREKKERFSLILESASTNQTSMYLCASS SYEQYFGPGTRLTVT
EC XFSREEEERFSLILESASTNQTSMYLCASSSGG YYEQYFGPGTRLTXTEDLX

Con ESGMPKERFSAEFPKEGPSILRIQQVVRGDSAAYFCASS NYGYTFGSGTRLTVV
JF XSGXPKGRFSSGFPQEGPSILRIQQVVRGDSAAYFCASSPKQAS NYGYTFGSGTRLTVVEDLNX

Con ISSEVPQNLSASRPQDRQFILSSKKLLLSDSGFYLCAWS QETQYFGPGTRLLVL
JS VFSEVPKNLSASRPQDRQFILSSKKLLLSDSGFYLCAWGEGQG FETQDFGPGTRLLVLEDLKX

Con SRKEKRNFPLILESPSPNQTSLYFCASS NTEAFFGQGTRLTVV
SS XFSRKEERDFPLILESPSPNQTSLYFCASSFQ GXEAFFGQGTRLTVGGTEG

Con YFSETQRNKGNFPGRFSGRQFSNSRSEMNVSTLELGDSALYLCASS SYEQYFGPGTRLTVT
TJ IFSETQRNXGNFPGRFSGRQFSNSRSEMNVXTLELGDSALYLCXSSLAGTG GHEQYFGPGTRLTVTEDLKX

TCR-f genes

V D J C

5.1
5.1

3
3

18
21

20.1
20.141

14
14

5.1
5.1

1.3
1.1 1.3

2.7
2.7

1.2
1.1 1.2

2.5
1.1 2.5

1.1
1.1 1.1

2.7
1.1 2.7

2

2

2

Amino acid sequences were based on consensus (Con) or patient (initials) data.

MAb staining intensity suggests that LC4 may bind
to TJ S6zary cells with low affinity. This low-intensity
stain could result in undercounting reactive cells in a
less sensitive assay and might underestimate the
percentage of clonal T cells present in this case. A
minimal shift in the VP3 MAb fluorescence peak com-
pared with background fluorescence also is ob-
served in the VP stain of patient SS. Although this
shift is not sufficiently large to indicate definite reac-
tivity, it could be the result of very low-affinity bind-
ing. Thus, these results confirm the expression of a
TCR-ag on the surface of all of these Sezary cells
regardless of the extent of anti-V,B MAb binding.
Due to the discrepancy between the VP gene

expression detected by the RT-PCR and the failure
of anti-VP MAb binding despite evidence of TCR
expression on the Sezary cells, the PCR product
from six of the patients was sequenced to confirm
the VP gene identity (Table 2). Sequencing of the
PCR product from two of the six patients (EC and
MS) for which RT-PCR and MAb studies agreed
confirmed the correlation of the RT-PCR reaction and
the MAb specificity. One consistent finding in the
sequences was that in the cases that had a suffi-
ciently long D segment to be characterized the gene
was identified as D811.1. The J and C segments did
not show this consistency and demonstrated an
equal frequency of pairing DP1 segments with J,B2-
Cf32 and J,11-C,B1.
The sequence data for the TCR from patients SS,

JF, and JS also confirmed the identification of the V:
primer reactivity with the T cell clone in these pa-
tients. Analysis of the deduced amino acid se-
quences does not reveal any obvious mutation in the
V,B sequence to explain the failure of the Vf3-specific
MAbs to bind to the T cell clone. The sequence
obtained from the C region of SS was not of sufficient

quality to unequivocally identify the Co gene. There-
fore, assignment of the C region of the SS gene was
deduced from the J,B segment and the partial se-
quence obtained. Thus, the failure of the anti-Vf14,
-V3l 8, and -V,320 MAbs to bind to a T cell clone that
expresses a TCR VP segment identical to that re-
ported for the specificity of the MAb indicates that
the reactivity of these MAbs does not include all
clones expressing these genes.
The reduced binding of the Vf5.1-specific MAb in

TJ compared with MS also was investigated by se-
quencing the PCR product. The sequencing results
demonstrate that both TCRs express Vf35.1-D,61.1
sequences but differ in the J-C region. A comparison
of the deduced amino acid sequences demon-
strated relatively few differences except for ex-
pected variability in CDR3 (TJ, SLAGTGGHEQ; MS,
SLKVQGAGNTI). The two receptors also used differ-
ent J,B and Co genes, but there was no obvious
abnormalities in these genes or the J-C junction.
Given the absence of any major differences in the
analyzed V,B sequence in these two cases, the de-
creased binding of LC4 in TJ compared with MS may
be due to the differences at the J-C junction, or
possibly in CDR3, altering the affinity of the MAb for
the VP epitope.

Discussion
Anti-TCR MAbs have provided a convenient method
to identify and quantitate expansion of T cell sub-
populations in both malignant and nonmalignant
conditions. This has been demonstrated in the T cell
lymphomas and leukemias, various autoimmune dis-
eases, infectious diseases, and others. 1-5 This
study continues to support the evidence that a panel
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of well characterized MAbs can permit a rapid iden-
tification of an abnormal expansion of T cells. How-
ever, the failure of several available MAbs to react
with a malignant clone indicates that this lack of
consistent and reliable binding must be considered
in situations in which these reagents are used to
identify or quantitate expanded T cell populations
based on TCR V,P expression. This is especially im-
portant when these reagents are used prospectively
to identify a T cell clone in a lymphoid malignancy.

The consistency between the immunofluores-
cence and molecular data on 7 of 10 patients sup-
ports existing evidence on the accuracy of charac-
terization of these MAbs and their ability to reliably
detect and quantitate expanded populations of re-
active T cells. However, the failure of three anti-VP
MAbs to bind to a malignant T cell clone expressing
the corresponding TCR V,B demonstrates that ab-
sence of MAb binding currently cannot confirm the
absence of a clonal population. As V,14, -18, and
-20 are gene families containing a single member,
these reagents should react with a TCR using this
gene unless their reactivity is influenced by certain
CDR3 sequences or an epitope dependent on J-C
joining rather than an exclusive V region epitope.16 If
this is the case, then these MAbs are not specific for
a TCR V,B epitope but instead react with epitopes
more narrowly defined than V,B. This might be re-
flected by the manufacturer's notice about the limi-
tation in binding of the V(18 MAb. An additional
explanation that could support this VDJ dependency
relates to the method of production of these MAbs.
The CAS1.1.3 and ELL1.4 MAbs were produced us-
ing a murine T cell transfectant expressing a human
VP3 gene whereas the BA62.6 MAb used a human T
cell clone as the immunogen.18 19 The transfectants
were murine T cell hybridomas that expressed a TCR
composed of a human VP3 gene joined to a murine
C03 gene. As the transfectant protein could express
epitopes not present on the native human TCR or
could express different epitopes based on the join-
ing site in the fusion gene, MAbs derived using these
T cell hybridomas as an immunogen may not con-
sistently react with native epitopes. A more extensive
evaluation of these anti-VP MAbs will be required to
better determine whether the method of production
limits their use to detect T cell clones.

In addition to the three MAbs that failed to bind to
a T cell clone, one MAb demonstrated a markedly
different level of binding on two different clones that
expressed the same VP. The low-intensity staining of
MAb LC4 on TJ cells expressing a similar Vp5.1-
DP1.1 segment to that on MS cells demonstrates the
variability in MAb binding. As the VP sequence of

these two clones did not reveal any obvious differ-
ences, this does not appear to be a likely site to
explain this difference. However, the possibility of a
mutation in the VP region that was not detected in the
sequencing reaction could exist. The VP 5.1 primer
used in the PCR does not produce a product that
spans the entire V region and, therefore, a mutation
present outside of the amplified region of the re-
ported PCR sequence would not be detected. This
discrepancy in reactivity could be caused by alter-
ation in MAb binding specificity or affinity due to the
differences in the CDR3 regions of these two recep-
tors. Additional studies with T cell clones expressing
well characterized DJC rearrangements with VP 5.1
will be required to investigate these possibilities.

This study indicates that anti-TCR VP or Va MAbs
will continue to be useful in identifying T cell clones.
The failure of several MAbs to react with a clone for
which they should have bound demonstrates that
caution must be maintained in using MAbs in place
of PCR to identify clonal populations. Anti-V-region
MAbs can reliably detect a T cell clone in many
situations; however, earlier studies were not struc-
tured to detect false negative results with antibody
reactivity. A recent study did indirectly reveal some
discrepancy between PCR and MAb studies al-
though it was not mentioned.20 Based on the data in
this paper, 5 of the 16 patients reported with Sezary
syndrome might show failure of MAb binding to
clones with identified VP genes. This false negative
rate of approximately 30% is similar to our results,
given the numerical variations inherent in small sam-
ples. Thus, until a well characterized panel of MAbs
is available with reactivity documented using a large
number of defined T cell clones, both PCR and MAb
staining should be used for clinical diagnostic and
research studies evaluating TCR V gene expression.
Furthermore, lack of binding of some of these MAbs
does not necessarily prove the absence of an ex-
pansion of T cells using a specific V region. This
limits the utility of these reagents to identify a clone
when there is no guarantee that a clone exists. Con-
sistently reliable identification and quantitation of T
cell clones by immunofluorescence using anti-V-re-
gion MAbs will require the development of more
reagents and a better understanding of the limita-
tions of reactivity of each reagent before MAbs can
replace PCR to detect a T cell clone.
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