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Molecular and flow cytometric analysis of th@Vepertoire for clonality
assessment in mature T&RT-cell proliferations

Anton W. Langerak, René van den Beemd, Ingrid L. M. Wolvers-Tettero, Patrick P. C. Boor, Ellen G. van Lochem,
Herbert Hooijkaas, and Jacques J. M. van Dongen

Clonality assessment through Southern
blot (SB) analysis of TCRB genes or poly-
merase chain reaction (PCR) analysis of
TCRG genes is important for diagnosing
suspect mature T-cell proliferations.
Clonality assessment through reverse
transcription (RT)-PCR analysisof V. B-CB
transcripts and flow cytometry withaVv. g
antibody panel covering more than 65%
of VB domains was validated using 28
SB-defined clonal T-cell receptor
(TCR)ap* T-ALL samples and T-cell lines.
Next, the diagnostic applicability ofthe V¢
RT-PCR and flow cytometric clonality as-
says was studied in 47 mature T-cell
proliferations. Clonal V. B-CB RT-PCR prod-

whereas single V B domain usage was
found in 31 (66%) of 47 patients. The
suspect leukemic cell populations in the
other 16 patients showed a complete lack
of V8 monoclonal antibody reactivity that
was confirmed by molecular data show-
ing the usage of V B gene segments not
covered by the applied V B monoclonal
antibodies. Nevertheless, this could be
considered indirect evidence for the
“clonal” character of these cells. Remark-
ably, RT-PCR revealed an oligoclonal pat-
tern in addition to dominant V. 3-Cp prod-
ucts and single V 8 domain expression in
many T-LGL proliferations, providing fur-
ther evidence for the hypothesis raised

and oligoclonal proliferations of antigen-
activated cytotoxic T cells. Itis concluded
that molecular V B analysis serves to
assess clonality in suspect T-cell prolif-
erations. However, the faster and
cheaper VB antibody studies can be
used as a powerful screening method
for the detection of single VB domain
expression, followed by molecular stud-
ies in patients with more than 20% single
VB domain expression or large suspect
T-cell populations (more than 50%-60%)
without V B reactivity. (Blood. 2001;98:
165-173)

ucts were detected in all 47 samples, earlier that T-LGL derive from polyclonal © 2001 by The American Society of Hematology

Introduction

In striking contrast to the straightforward clonality assessment an paraffin-embedded samples. Despite these disadvantages, SB-
most mature B-cell proliferations through single immunoglobulibased detection of clonal TCR rearrangements is the gold standard
light chain expression, clonality assessment in suspect T-cethnique by which to validate other methods for clonality
proliferation is not possible through routine immunologic markesssessment in suspect T-cell proliferations. Today, polymerase
analysis. For instance, the T-cell receptor (TCR) expression pattetmain reaction (PCR) analysis of TCR gamnT&€RG) genes is
(TCRap or TCRyd), the unusual CD4/CD8 expression pattern, omost widely applied; the relatively restricted combinatorial reper-
the so-called loss of T-cell markers is insufficient to establish theire of TCRGgenes limits the number of required PCR primers.
malignant (clonal) character of a suspect T-cell proliferatids.a However, this limited repertoire also results in high background
consequence, molecular analysis of TCR gene rearrangementsdraplification of similar rearrangements in normal T cells, thereby
developed as an important tool for clonality assessment in sugducing the sensitivity of the assay. Other approaches focus on
proliferations. As with normal T cells in various differentiationanalysis ofTCRBgenes of CRBgene products (RNA, proteins, or
stages, TCR genes are rearranged in most T-cell malignafities. both), exploiting the high diversity in § gene usage for clonality
presence or absence of identically (clonally) rearranged TCR gerséisdies. PCR-based analysis of thg képertoire mostly concerns
is therefore helpful for distinguishing between (mono)clonal aneverse transcription (RT)-PCR amplification @3\Cf transcripts
polyclonal (reactive) T-cell proliferations, respectively. to limit the number of primers needed to cover the many involved
Southern blot (SB) analysis is the classical diagnostic methgeéne segmenfsWith the recent availability of a panel of B/
for clonality assessment. It is highly reliable and in principle caantibodies that covers more than 65% of app \domains® flow
detect every clonal TCR gene rearrangement, provided that omtytometric analysis of the §/ repertoire now promises to be a
mally positioned probes and appropriate restriction enzymes astevant alternative approach for molecular clonality studiés.
used3® Nevertheless, several drawbacks limit the routine applicahis is especially true because reference values have been
tion of SB analysis in diagnostic laboratories. SB is labor intensivdetermined in healthy controls for the available individu@ V
and time consuming, especially when sequential hybridizations ametibodies'®
required; furthermore, relatively large amounts of high-quality Here we present 2 different approaches of Vepertoire
DNA are needed for reliable results, which precludes its applicati@malysis: \B-CB RT-PCR and flow cytometry with f/ antibodies.
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After validation on SB-defined clonal TGR™ T-cell acute Table 1. Vp antibodies and their reactivity in healthy controls

lymphoblastic leukemia (T-ALL) samples and a series of T-cell % V3 expression per
lines, the diagnostic applicability of the 2 methods was tested in a CD3/TCRap cells*

series of 47 mature T-cell proliferations. The feasibility and Upper
i ; B P VB antibody Median limit
applications of both  clonality assays are discussed. specifidity  mAb clone Manufacturer (010-p90) (35D)
VR1 BL37.2 Immunotech 4.1 (3.4-5.9) 8.9

VB2 MPB2/D5 Immunotech 86(6.2-11.2) 140

Patients, materials, and methods vp3 CHo2 Immunotech 45 (1.5-85) 125
) ) VB5.1 IMMU157 Immunotech 6.5 (4.0-8.7) 12.3
Patients, cell samples, and cell lines VB5.2/5.3 4H11 T-cell Sciences 3.2(2.1-3.8) 5.1
Peripheral blood (PB) samples were collected from patients 47)  F61 CRIS04.3 Immunotech 1.3(0.528) 41
VB6.7 OT145 T-cell Diagnostics 3.0 (0.5-5.5) 8.2

showing persistent mature T@GR™ T-cell proliferation, including T-cell

chronic lymphocytic leukemia (T-CLL), T-cell large granular Iymphocyte\/w1 zoe Immunotech 2.8 (1.6-4.6) 64
leukemia (T-LGL), T-cell non-Hodgkin lymphoma (T-NHL), T-cell prolym- V#&1/8:2 56C5.2 Immunotech 50(35-:6.5) 8.6
phocytic leukemia (T-PLL), and mycosis fungoidész®g syndrome FINO Immunotech 3.2(2.1-47) 12
(MF/SS). Mononuclear cells (MNCs) were isolated by Ficoll-Hypaqu&?t? c21 Immunotech 0.8(05-14) 22
(density, 1.077 g/mL; Pharmacia, Uppsala, Sweden) density centrifugatigf> VER2.32 Immunotech 2.4 (13-3.6) 65
and used for immunophenotyping and3\analysis and for DNA and 'P131/133  BAMI3 T-cell Sciences 59(43-108 205
RNA isolation. VB13.6 U743 Immunotech 2.1(1.5-3.0) 57
TCRaB* or cytoplasmic TCR* (CyTCRB*) T-cell lines (n= 12) and  VF** CASL13 Immunotech 3.7(21-86) 16.9
MNC fractions of PB or bone marrow (BM) samples from patients witt °*® TAMAYAL.2 Immunotech 1.3(1.0-1.7) 2.2
TCRaB* T-ALL (n = 16) were used as reference samples. VBL E17.5F3 Immunotech 52 (3.8:6.5) 8.9
Vp18 BAG2.6 Immunotech 05 (0.5-1.5) 21

VB20 ELL1.4 Immunotech 2.4 (1.1-41) 5.9

Immunophenotyping and analysis of V8 domains VB21.3 G125 |mmunotech 2.8 (1.8-4.2) 6.9
of expressed TCR B chains VB22 IMMU546 Immunotech 4.0 (0.6-5.3) 111
HUT78.7/AF23  Immunotech 1.3(0.5-2.5) 3.8

MNCs were analyzed for cell membrane expression of T-cell markers ani®
for expression of the HLA-DR antigen (L243), cytoplasmic TERF1), *Reference values are derived from Van den Beemd et al.10

TCRaf (BMAO31) and TCRS (11F2) with the following monoclonal

antibodies (mAbs): CD2 (Leu-5b), CD3 (Leu-4), CD4 (Leu-3a), CD¥riendswood, TX). After oligo dT annealing for 3 minutes at 85°Gy@
(Leu-1), CD7 (3A1), CD8 (Leu-2a), CD16 (Leu-11c), CD56 (Leu-19), an@otal RNA was subsequently reverse transcribed inutOvolumes for 1
CD57 (Leu-7). The mAbs of the Leu series, as well as L243 and 11F2, weteur at 41°C using Superscript Il RT enzyme (Life Technologies, Paisley,
obtained from Becton Dickinson (San Jose, CA), the 3A1 hybridoma wasited Kingdom) in the presence of dNTPs and RNAguard (Amersham
obtained from ATCC (Rockville, MD)BF1 from T-cell Sciences (Need- Pharmacia Biotech, Uppsala, Sweden).

ham, MA), and BMA031 from Immunotech (Marseilles, France). Immuno-

fluorescence stainings were performed as described and evaluated @oathern blot analysis

FACScan flow cytometer using CellQuest software (Becton Dickin&bn). .

The samples were studied in more detail fo8 Womain expression Southem blot (SB) analysis of th#CRB genes was performed as
using a panel of carefully selected\nAbs (Table 1) Data acquisition described. The??P-labeled TCRBJ1, TCRBJ2, and TCRBC genomic DNA
and analysis of the B immunofluorescence stainings in T-ALL samplespmbes (DAKQ, Carplnterla, CA) were useq in subsequent hybridizations of
and T-cell lines were performed in double stainings using unconjugdied \FCRI- an(_iHlndIII—dlggsted DNA to determine the rearrangement status of
mAbs, followed by incubation with fluorescein isothiocyanate (FITC)the T-celllines and patient sampfes.
conjugated goat antimouse immunoglobulin (CLB, Amsterdam, The Neth-

erlands) and subsequently normal mouse serum to block free antidenR @mplification

binding sites of the second-step reagent, after which CD3-PE (Leu-4) Wfigonucleotide primers used for amplification o§\CB transcripts are
added:?In T-cell lines with cytoplasmic TCRexpressiongF1 reactivity),  given in Table 2. Most % family-specific primers were adapted from those
cells were permeabilized beforepvstaining. For the mature TGE™  ,plished by Gorski et dlbut several primers were added to maximize
T-cell_proliferations, the ¥ mAbs were used in combination with recognition of \3 gene segments within a given family and to minimize
CD3-PerCP (Leu-4) and occasionally CD4-PE (Leu-3a) or CD8-PE (Legross-annealing to otherp/gene families at the'Jprimer ends. The

2a) to further define the immunophenotype of the T c€lihe VB himer was also adapted from Gorski ef’afhe quality of the studied
antibodies were from Immunotech (Marseilles, France), T-cell Sciencggna samples was determined through RT-PCR analysis of the ubiqui-
(Needham, MA), and T-cell Diagnostics (Cambridge, MA) (Table 1 for th?ously expressedBL gene. PCR amplification of tiECRBgenes of the
origin of the VB antibodies). In addition, several samples were studied Qyyna samples was performed in multiple tubes<r81), each containing
means of 6 mixtures of clusteredd\antibodies as a fast and easy methogyne of the \ family primers and the § primer (Table 2). Reactions were
for the identification of singl(-? B domain gxpression, as described by Varberformed in 2QuL volumes, containing one fortieth ¢iL) of the cDNA

den Beemd et &P These 6 mixtures consisted of: MIX188 (CH92) and  a5ction mixture, 2.5 pmol B family primer, 2.5 pmol @ primer, 0.2 mM
V5.1 (IMMU157); MIX2, VB8.1/8.2 (56C5.2) $12.2 (VER2.32), and gNTPs, 1.5 mM MgG), and 0.2 U Ampliag DNA polymerase in reaction
VP17 (E17.5F3); MIX3, \B2 (MPB2/D5), \B16 (TAMAYA?..Z), and  pyfrer || (Applied Biosystems, Foster City, CA). PCR reaction conditions
VB23 (HUT78.7/AF23); MIX4, \B6.1 (CRI304.3), \B7.1 (20§, VBI.1  tor the Perkin-Elmer 480 thermal cycler (Applied Biosystems) were initial
(FIN9), VB11.1 (C21), and B14 (CAS1.1.3); MIX5, \B13.6 (JU74.3), genaturation of 3 minutes at 94°C, followed by 35 to 40 cycles of 1 minute

V18 (BAG2.6), 20 (ELL1.4), B21.3 (IG125), and @22 (IMMUS46); ¢ 94°C, 1 minute at 60°C, 2 minutes at 72°C, and a final extension step of
and MIX6, VB5.2/5.3 (4H11), \B6.7 (OT145), and 13.1/13.3 (BAMI3S® 10 minutes at 72°C.

DNA and RNA isolation and cDNA synthesis Heteroduplex analysis

DNA was isolated from frozen MNCs and cell lines as described edrlieAfter amplification, half (10uL) the PCR mixtures were loaded on 1%
Total RNA was isolated from all samples using RNAzol (Tel-Testagarose gels to evaluate PCR product formation with the varigu€p
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Table 2. V@ family primers and C {8 primer of the T-cell lines, 2 clear 8-CB RT-PCR products were found,
Primer Sequence (5'-3') and in the other 6 only one was found (Table 3). Thg-@3

VBl GAA CTA AAC CTG AGC TcT cTe  Pproducts of the various cell lines contain®dgene segments
VB2 CAG CTT CTA CAT CTG CAG TGC  from many distinct \B families, with a slight predominance of
VB3 CTG GAG TCC GCC AGC ACC A VB2-CB products (n= 3). Remarkably, in most identified
VB4 GAG CAA CAT GAG CCC TGA AG transcripts, B2 region gene segments were used, which fits with
XE?’; GCT CTG AGA TGA ATG TGA GCG CCthe predominance of f-JB2 gene rearrangements in immature

GCT GAATGT GAA CGC CTT GTT G 1_ce|| malignancie$.Further sequencing of the clonal products

VB6A ATC CAG CGC ACA CAG CAG GAG . .
VBB GAA GAT CCA GGG CAC AGA GC revealed that all except one of the cell lines ShOV\{ed a single
VB7A CTC ACC TGA ATG cCC caa cag  IN-frame VB-CB RT-PCR product (Table 3). In cell line KT-1,
vps GCC CTC AGA ACC CAG GGA CT both an in-frame B18-C3 and an in-frame ¥15-Cg transcript

VB9 CTG GAG CTT GGT GAC TcT ccT ot were found, whereas in the other 5 cell lines with 2 clonal
VB10 GAT CCA GTC CAC GGA GTC AGG  VB-Cp products only one appeared in-frame.

VB11 CCT GGA GTC TGC CAG GCC CTC Flow cytometric 3 analysis using a panel of p/family

VB12 CAC TCT GGA GTC CGC TAC C antibodies (Table 1) showed reactivity with one of the MAbs
VBI3A TCA GGC TGC TGT CGC CTCG CTC o the panel in 10 of the 12 cell lines, with a specificity profile
VB13B TGG GGT TGG AGT CGG CTG CTC . ? -
VB13C TCA GOC TG AGT GGG CTG OTC _that completely correla_ted with the presence of the |der_1t|f|ed
VB13D TCA GGC TGG AGT caG cTg crc  In-frame \B-CB transcript (Table 3). Cell line KT-1, having
VB13E CCT CAC GTT GGC GTC Tec TeT  in-frame VB15-O3 and VB18-C3 transcripts, reacted with the
VB14 GTC TCT CGA AAA GAG AAG AGG V18 antibody. However, double (membrane or cytoplasmig) V
VB15 CCC TAG AGT CTG CCA TCC C expression could not be confirmed or excluded in this cell line
VB16 GTG CAG CCT GCA GAA CTG GAG  hecause B15-specific antibodies were not available. In 2 cell
vB17 CAC TGT GAC ATC GGC CCA AAA G |ines, no reactivity was observed with any of th@ ¥hAbs of the
VP18 GGA TCC AGC AGG TAG TGC G panel, despite cytoplasmic T@Rchain BF1 mAb) detection. In
inA 22? (é;i l(/ig 12’; ?fl’é igz ieA the RPMI 8402 cell line, this could easily be explained by the lack
vB21 ATC CAG CCT GCA GAG CTT GG of a VB_24-speC|f|c gntlbody, but for the DND-41 cell line the
vp22 GAA GAT CCG GTC CAC AAA GCT ¢ appropriate Y318 antibody was present in the panel. The fact that
VB23A CTG AAC TGA ACA TGA GcT ccT T DND-41 expresses @8 TCR rather than aan TCR might,
VB24 CAT CCG CTC ACC AGG CCT G however, hamper proper detection of the recognized epitope of the
VB25 TCC CAA ATT CAC CCT GTA GCC TTGVB18 domain expressed in this cell line.

cg AGA TCT CTG CTT CTG ATG GCT C

Molecular and flow cytometric V. B analysis in T-ALL samples

primer combinations. PCR products were visualized by ethidiur @dditionto the 12 T-cell lines, we studied 16 T&R' T-ALL for
bromide using UV light. The other 1QL PCR reaction mixture was their VB expression profile using molecular techniques and flow
subjected to heteroduplex analysis to discriminate between monocloggtometric analysis (Table 3).8£CB RT-PCR heteroduplex analy-
and polyclonal PCR productd.In short, heteroduplex analysis con sis revealed a single clonal in-fram@\Cg transcript in 6 of the 16
sisted of 3 denaturation at 94°C immediately followed by’@@natur- T-ALL samples. The remaining 10 samples had at least 2 clonal
ation at 4°C before electrophoresis on 6% nondenaturing polyacrxyB_CB transcripts; in 2 cases, even 3 and 4 clon$-OB
. . ) . . . 11 i 1 ’ R . .
amide gels (polyacrylamide:bisacrylamide 29:1) in*0.5BE buffer™ 5nscrints were present, suggestive of subclone formation with a
Ethidium bromide-stained homoduplex or heteroduplex PCR products. o
- i . minor clone (less than 10%) not detectable by SB (Table 3) but
were visualized with UV light. .
readily detectable by RT-PCR. In contrast to the low frequency of
Sequencing bi-allelic in-frame \B-CB products in T-cell lines, 6 of 10 T-ALL
) samples were found to contain double in-fram@&p transcripts
If heteroduplex analysis showed PCR products to be clonal, the,pq 3) The identified B-CB products in the T-ALL represented
homoduplexes were excised from the gel and eluted as desdfibe 8 segments from many / families, with a predominance of

Eluted products were either directly sequenced or reamplified in & .
second-step PCR reaction using the same primers as in the init}élﬁy‘)"_c_B pr_OdUCts (n= 5). Gene segments Of_ thgDregion were
reaction. Sequencing was performed on the ABI377 fluorescenidentified in 17 \3-C@ products, whereas in 12 product$2]

sequencer (Applied Biosystems) using the dye terminator cycle sequef€égments could be found.

ing kit and AmpliTaq FS (Applied Biosystems) Assignment of \8, Reactivity with one of the ¥ mAbs was seen in 8 of the 16
DB, JB, and 3 gene segments and reading frames of the invoMeBB  T-ALL samples. In all 8 samples, thedvantibody reactivity pattern
gene rearrangements was performed as descbéd. was completely in line with the results of the moleculap V

analysis, confirming the single (in-frame) transcript in most of
these 8 samples. Although samples T077 and T140 with 2 in-frame
Results VB-CB transcripts might have shown doublé\protein expres-
sion, this did not occur, as evidenced by the singd8YT077) and

VB3 (T140) membrane expression on these cells. Potential double
To study the feasibility of 8 analysis in clonal T-cell popula- VB expression in a few other cases (T012, T044, T145) remained
tions, we used a panel of 12 T-cell lines (Table 3). Although onlyndetected because of the lack of the relevaditrivAbs for both

4 of these cell lines showed TGR membrane expression, allin-frame alleles in the panel. In 8 T-ALL samples, no reactivity of
had cytoplasmic expression of T@Rchains. SB analysis the entire T-ALL cell population with any of the p/antibodies
revealed clonal CRBgene rearrangements in all cell lines. In @rom the panel was seen, despite the clear presence of afCR

Molecular and flow cytometric V. B analysis in T-cell lines
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Table 3. VB usage in T-cell lines and T-ALL samples as determined by molecular analysis and mAb reactivity

Sequence analysis of RT-PCR products

Age, SB VB MAb
Sample TCRB chain sex analysis RT-PCR + HD Allele 1 (frame) Allele 2 (frame) reactivity
T-cell lines
CEM CyTCRB NA R/IR VB9-CB VB9-JB2.3 (+) — VR9.1
DND-41 TCRBS* NA R/R VB13-CB/VB18-CB VB18-JB1.2 (+) VB13-J82.7 (—) no reactivity
HPB-ALL TCRap* NA R/IR VB5-CR/IVBR6-CR VB5-JB2.5 (+) VB6-JB2.5 (—) VB5.2/5.3
HSB-2 CyTCRB NA R/IR VB5-CB VBR5-JB1.1 (+) — VB5.1
HUT78/H9 TCRaB* NA R/R VB23-CB VB23-JB1.2 (+) — VB23
KT-1 TCRaB* NA R/IR VB15-CB/VB18-CR VB18-JB2.3 (+) VB15-JB1.2 (+) Vp18
MOLT16/17 TCRap* NA R/IR VB2-CB VB2-J32.3 (+) — VB2
MOLT3/4 CyTCRB NA R/R VB2-CBIVB12-CB VB2-JB2.1 (+) VB12-JB2.5 (—) VB2
P12 CyTCRB NA R/IR VB13-Cp VB13-JB2.1 (+) — VB13.1/13.3
PF-382 CyTCRB NA R/IR VB2-CRIVB6-CR VB2-JB2.1 (+) VB6-JB2.7 (—) VB2
RPMI8402 CyTCRB NA R/R VB17-CB/VB24-CB VB24-JB1.5 (+) VB17-JB2.7 (—) no reactivity
SUP-T3 CyTCRB NA R/IR VB3-Cp VBR3-JB2.3 (+) — VB3
T-ALL samples
T002 TCRaB* T-ALL  5,F R/IR VB3-CB VR3-JB1.5 (+) — VB3
T010 TCRaB* T-ALL  3,M R/IR VBR7-CB VBR7-JB1.4 (+) — no reactivity
TO12 TCRaB* T-ALL 34, M R/IR VB9-CR/IVB11-CR/VE23-  VB11-JB1.5 (+)/VB24-JBL.5(+)  VBR9-JB2.1(+)/VB23-JB1.2(+)  no reactivity
CB/IVB24-CR*
T015 TCRaB* T-ALL  np, np R/IR VB4-CB/IVBR6-CB VB4-JB2.1 (+) VB6-JB1.1(—) no reactivity
TO17 TCRap* T-ALL  3,F R/IR VB13-CB/VB20-CB VB20-JB1.5 (+) VB13-Jp1.2 (—) V20
T020 TCRap* T-ALL  14,np R/R VB7-CBIVB21-CB VB21-JB2.3 (+) VB7-3p2.2 (-) VB21.3
T029 TCRap* T-ALL  10,F R/IR Vp22-Cp VB22-Jp1.1 (+) — Vp22
T044 TCRaB* T-ALL  np, np R/IR VB6-CR/IVB21-CR/VB24-  VB6-JB1.2 (+)/VR21-J82.1 (+) VB24-JB1.1 (+) no reactivity
cp*
TO047 TCRaB* T-ALL  np, np R/IR VB2-Cp VB2-JB1.2 (+) — VB2
TO69 TCRaB* T-ALL 29, M R/IR VB3-CB VBR3-JB1.6 (+) — VB3
T077 TCRaB* T-ALL 10, M R/R VB3-CB/VR8-CB VB8-Jp2.1 (+) VB3-JB2.1 (+) VB8
T139 TCRaB* T-ALL 14, M R/IR VB3-CR/VBR11-CR VBR3-JB2.1 (+) VB11-JB1.1 (+) no reactivity
T140 TCRaB* T-ALL 28, M R/IR VB3-CRIVB6-CR VB3-JB2.5 (+) VB6-JB1.2 (+) VB3
T145 TCRaB* T-ALL 51, M R/R VB5-CBIVB7-CB VB5-JB1.5 (+) VB7-JB2.3 (+) no reactivity
T181 TCRaB* T-ALL  np, np R/IR VB7-CB VB7-JB2.1 (+) — no reactivity
T182 TCRaB* T-ALL  np, np R/IR VB6-CR/VB13-CR VB6-JB1.1 (+)T VB13-JB2.5 (—) no reactivity

*Multiple VB-CP products probably resulting from subclone formation with one major clone and one minor clone (< 10%) not detectable by SB analysis.
TTranscript involves CB2 segment coupled to the JB1.1 segment of the VDJ exon, which fits with deletion as seen in SB analysis. np indicates not provided.

molecule on the membrane. In virtually all instances, this nonredesge series of 47 mature TG T-cell proliferations (including

tivity can most probably be attributed to expression of tfleG  T-NHL, T-CLL, T-PLL, and T-LGL) that, in the past decade, had
product for which no Y3 mAb is available (eg, B4 in TO15 or been sent to our laboratory with a strong suspicion of clonality
VB24in T012) or might be caused by a family member not coverddable 4). All samples were indeed found to contain clon@RB

by the available Y family antibody (eg, members of thePB, rearrangements in SB analysis. Next, the samples were subjected to
VB6, and \B7 families). The precise members of eacp Yene VB-CB RT-PCR, followed by heteroduplex analysis to confirm or
family could not be recognized in our study because the position@kclude the clonal character of the obtained RT-PCR products. This
our VB primers is close to the’3end of the segments, therebyrevealed the presence of dominant clong8gp transcripts in all
resulting in PCR products that do not include sufficient sequengg samples from which RNA could be isolated. In 26 cases only a
information for VB member identification. Sample T139 withsingle transcript was detectable, whereas in 14 cases dopb&RV
in-frame V33-CB and \B11-CB products is remarkable in that theproducts were seen (Table 4). Remarkably, in 2 samples (93-067
cells should have been recognized with either th@'ér the V311  and 96-019), 3 dominant clonal products were apparent. SB
mAb, both of which belong to a single-member gene familyanalysis of case 96-019 already suggested more than 2 rearranged
However, for reasons that remain unclear, this did not occur. OBgeles, but in case 93-067 this was not anticipated from the SB
possible explanation might be that the actual epitope in either thattern because no additional bands were apparent. Further sequenc-
VB3 or the B11 chain was modified or influenced by theing in the latter case revealed that the 3 PCR products contained
junctional region or by the involve@lsegment. distinct junctional regions, excluding cross-annealing of primers as
an explanation for the occurrence of multiple bands.

To compare the molecular and flow cytometri@ Vesults in
these T-cell proliferations, we sequenced thg-@3 RT-PCR
Although the results of the f/ analysis in T-cell lines and T-ALL products. Unfortunately, sequence analysis could not be performed
samples showed that the clonal cell population could easily bethe 5 samples from which RNA was lacking. In-fram@-Cp
identified by 3 mAb reactivity or by lack of reactivity with any of transcripts were indeed identified in all 26 evaluable cases that
the VB mAbs in the panel, the relevant diagnostic application pf Vshowed only a single RT-PCR product (Table 4). Remarkably, in
gene analysis in daily practice concerns the analysis of postthymiost (at least 9 of 16) sequenced cases with multipeCB
mature lymphoproliferations of the T-cell lineage. For this reasqroducts, more than one (distinct) in-frame3CB transcript
we chose to study the applicability ofdvrepertoire analysis in a was found.

VB repertoire analysis for clonality assessment
in mature T-cell proliferations

20z aunr z0 uo jsenb Aq jpd 591001 0€18U/FIEYL9L/S9L/1/86/4Pd-Bl0IHE/POOI 18U sUoledlqndysE//:dRy Woly papeojumoq



BLOOD, 1 JULY 2001 - VOLUME 98, NUMBER 1 VB ANALYSIS IN MATURE T-CELL PROLIFERATION 169
Table 4. VB analysis for clonality assessment in mature T-cell proliferations
Sequence analysis of RT—PCR
Age, % of SB products VB VB reactivity of
Sample Immunophenotype Diagnosis sex ~ WBC* MNCt analysis RT-PCR + HD Allele 1 (frame) Allele 2 (frame) sum clone
85-002 CD3/4/2/5 T-PLL 66,F ND 95% RIR VB13-Cp VB13-JB2.5(+) — =5% no reactivity
86-041 CD3/8/2/5/7 T-LGL 58,F 249  95% R/IR VB1-CR/IVB7-CB VBR1-JB2.1(+)  VBR7-JBL.2(+) 93% VB1(90%)
89-068 CD3/4/8/2/7/16neg/56/57 T-LGL 56,M 508  55% RIR VR2-CRIVB7-CB VB2-JB2.7 (+)  VP7-JBL.L(+) 90% VP2 (60%)
90-008 CD3/4/2/7/16neg/56/57 T-LGL 58,M 106  85% R/IR VB6-Cp VB6-IB2.7 (+) — 13% no reactivity
91-004 CD3/8/2/7/16neg/56neg T-CLL 85, F 47  90% R/IR VB5-CR/IVBR6-CB VB5-JB2.1(+)  VB6-JBL.L(+) 8% no reactivity
91-010 CD3/8/2/7/16/57p T-LGL 46, F 77 60% RIR VB14-CB VB14-J81.2(+) — 99% VP14 (99%)
91-030 CD3/4/2/5/7/56neg57neg MF/SS 67,M 134  60% R/IR VB5-CB VB5-JB2.7 (+) — 67% VB5.2/5.3 (24%) +
VB22 (10%)3
92-024 CD3/8/2/5/7/57p T-LGL 55,F 113  80% RIR VR7-CB VBR7-JBL5(+) — 97% VP7.1(85%)
92-050 CD3/8/2/5/7/57 T-LGL 50, M 70  80% R/IR VB23-CB VB23-JBL.5(+) — 95% VP23 (85%)
93-005 CD3/4/2/5/7 T-PLL 75,M 414 98% R/IR VB3-CB VB3-JB2.1(+) — 98% VB3 (94%)
93-026 CD3/8/2/5/7/16neg/ T-LGL 66, M 65  66% RIG VR6-CB VB6-JB2.7 (+) — =5% no reactivity
56neg/57p
93-027 CD3/8/5/7/57p T-LGL 53,M ND 80% R/IR VB8-CB VB8-JB25(+) — 98% V[38.1/8.2 (90%)
93-067 CD3/4/8/2/7/57p T-LGL 53, M 6.1  60% R/IR VR3-CR/IVB8-CR/ VB13-JB1.1(+) VP3-JR2.1(+)/ 90% VP13.1/13.3 (67%)
VB13-CB VB8-JB1.5 (+)
93-074 CD3/4/8/5/7 T-CLL 68,F 156  25% R/IR VB13-CB VBR13-JBL.1(+) — =5% no reactivity
94-058 CD3/4/2/5/7/56neg/57neg  T-CLL 84,np 148  65% R/IR VB13-CB VB13-JB2.2(+) — 17% no reactivity
95-082 CD3/4/2/5/56neg/57neg SS 50,M 632 60% RIG VB12-CB VBR12-J81.1(+) — 97% VP12.2 (65%)
95-121 CD3/4/8p/16p/56p/57p T-LGL 75,M 118  60% RIG+  VBB6-CR/VBI3-CB  VB6-JB2.3(+)  VB13-JBLI(+) 89% VP13.1/3 (60%) +
RIR V6.7 (16%)
95-123 CD3/4/8p/5/7/56neg/57neg  T-NHL np,M 123 90% R/IR VB8-Cp VB8-JBL2(+) — 98% Vp8.1/8.2 (89%)
95-128 Cd3/4/2/5/7 T-CLL np,np ND 80% R/IR VB2-CB VBR2-J82.3(+) — 89% VP2 (81%)
95-134 CD3/4/2/5/7 T-PLL np,np ND 75% RIR VR8-CB VB8-Jg2.1(+) — 96% VP8.1/8.2 (92%)
95-140 CD3/4/5/7/16neg/56neg/ SS 61,M 974  83% R/R VB5-CR/VBI3-CR  VBI3-JB2.7(+) VP5-JB2.5(—) =5% no reactivity
57neg
96-013 CD3/8/2/16/57p T-LGL 58,F 143  90% R/IR VB12-CB VB12-JB2.2(+) — 98% VP12.2 (95%)
96-019 CD3/8/2/5/7/57p T-LGL 62, M 77 35% RIG +  VB7-CR/VBI-CB/ VBR7-J81.2(+)  VB9-IR2.1(+)/ 12% no reactivity
R/IR VB13-CB VB13-JB2.1 (+)
96-020 CD3/8/2/5/57p T-LGL 63, M 61  70% R/IR VB5-CRIVB23-CR  VB23-JBL.4(+) VR5-JBLI(—) 95% VP23 (85%)
96-042 CD3/4p/8pl7/56p/57p T-LGL 45,M 55  25% R/IR VB15-CRVR16-CR  VBR16-JB2.1(+) VR15-JB2.1(+) 82% VP16 (31%)
96-043 CD3/8/2/5/7/16p/57p T-LGL 73,F 111  85% RIR VR22-CB VB22-JB2.6 (+) — 95% VP22 (90%)
96-049 CD3/4/2/5/7/16neg/ T-CLL 71,M 324  85% R/G VB22-CB VBR22-Jp1.1(+) — 95% VP22 (94%)
56neg/57neg
96-050 CD3/8/16/57p T-LGL 52,F 9.5 15% R/R VB3-CRINVB22-CB  VB3-JBL2(+) ND 83% VB3 (20%)
96-067 CD3/8/2/5/16p/57p T-LGL 39,F 9.0  70% R/R VB6-CRIVB19-CB  VBR6-JB2.1(+)  VB19-JB2.3(-) 20% no reactivity
96-154 ND T-CLL 49, F 6.9  50% R/R VR7-CRIVB21-CB  VBR7-JB25(+) ND 8% no reactivity
97-064 CD3/4p/8p/57p T-LGL 71,M 1.8  70% R/R VB13-CB VB13-JB2.7 (+) — 14% no reactivity
97-086 CD3/4/8/57p T-LGL 45, F 22 40% R/R VR6-CB VB6-JB2.2(+) — 97%8 VP6.1 (97%)
97-089 CD3/4/2/5/7 T-PLL 57,M 450 90% R/R VR7-CRIVBI-CB VR7-JB2.6 (+)  VP9-IB2.5 (+) 10% no reactivity
97-121 CD3/4/2/5/7 T-NHL 49,F 323 8% RIR VB11-CRVB14-CR  VR14-JB25(+) ND 97% VP14 (93%)
98-002 CD3/4/5/7/16neg/ T-CLL 83,F 590 80% D/R VR7-CB VR7-J814(+) — =5% no reactivity
56neg/57neg
98-040 CD3/4/2/5/7neg T-AILD 68,F 180  40% R/R ND ND ND 85% VB17 (53%)
98-047 CD3/4/8/5/7/16neg/ T-CLL 67,M 820  95% R/R ND ND ND 99% VP13.1/13.3 (98%)
56neg/57neg
98-072 CD3/4/8/2/16neg/ T-CLL 60,M 210 95% R/R ND ND ND 99% VP2 (99%)
56neg/57neg
98-080 CD3/4p/2/5/7/16neg/ T-PLL 77,M NA(LN) 80% R/R ND ND ND =5% no reactivity
56neg/57neg
98-086 CD3/4/5/7/16neg/ T-CLL 71,M 158 88% RIG VB3-CR VB3-J812(+) — 99% VB3 (99%)
56neg/57neg
98-090 CD3/4/2/5/7 T-PLL 62,F 522 95% R/R VB1-CR/VB23-CB  VPB1-JB2.3(+) ND 99% VB1 (99%)
98-126 CD3/8/2/16/56/57p T-LGL 73,M 33  45% R/R VB2-CB VB2-JB13(+) — 98% VP2 (53%)
98-194 CD3/8/2/7/16-56/57neg T-LGL 38,F 101  90% R/R VR6-CRIVB12-CB  VBR6-JBLL(+)  VR12-JB2.3(+) =5% no reactivity
99-100 CD3/8/2/7/16/57 T-LGL 49, M 76  75% RIG VB17-CB VB17-J82.7 (+) — 80% VP17 (66%)
99-125 CD3/8/2/5/7/56neg/57neg  T-PLL 41,M 174 98% R/R VR3-CB VB3-JB2.4(+) — 99% VB3 (99%)
99-211 CD3/8/2/5/7/16neg/ T-LGL 72,F 21 85% R/R ND ND ND 96% VP2 (92%)
56neg/57p
99-256 CD3/4/2/5p/7p/16neg/ T-CLL 69,M 170  95% R/R VB13-CB VB13-Jg1.2(+) — =5% no reactivity
56neg/57neg

*WBC given in 109/L.
TAberrant cell clone presented as percentage MNC fraction.
FSecond population probably represents a polyclonal proliferation or a small subclone.

§Percentage of CD4*/CD8* T-cell population.
np indicates not provided; p, partial reactivity.
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Flow cytometric analysis of the/repertoire was performed in A 70% 0% 9.8%
all 47 cases. Most of the studied samples=(81) appeared to have
a restricted \B reactivity pattern, with predominance of a single
VB mAb reactivity (exemplified in Figure 1). Although this
restricted reactivity concerned many differenp \&pecificities, -
VB2 (n=5) and B3 (n = 4) were observed more frequently than b
others. The latter may not be too surprising given the relatively MIXT-FITC MIXE-FITG MDG-FITC
high frequency of, especially, B2* TCRap cells in healthy s o5 12.7%
controls (Table 1 contains median valu&shn the other 16 cases,
the complete lack of reactivity of the suspect leukemic cell
population with any of the individual B mAbs or the 6 \B
mixtures of the pan&! was considered indirect evidence for the
“clonal” character of these cells (Figure 2).

Comparison of the data from molecular and flow cytometric
analyses revealed complete concordance between the identifigl
in-frame VB3-CB transcript and the expresse®\domain of the
TCRR chain in 26 cases (Table 4). Remarkably, in case 95-121, we
identified V36.7- and \313.1/13.3-positive cells, which is in line
with the presence of the corresponding in-franfe @B transcripts
in this sample and the presence of 2 clones as found by SB analysis
and immunophenotyping. In addition, in sample 91-030, 2 popula- RIRTFITE RRKEFITE WEFITS
tions (VB5.2/5.3 and \B22) were found, but here no clear evidence <1% <1% <1%
was detected for further immunophenotypical heterogeneity or for
clonal V322-CB transcripts, suggesting that theB¥2-positive
population concerned either a small subclone or a polyclonal
VB22" cell population. The latter is more likely because a
monoclonal subclone of 10% p22" T-cells should have been
identified in PCR heteroduplex analysis; in contrast, only poly- MIX4-FITG MIX5-FITG X6-FTC
clonal (heteroduplex) §22-C3 PCR products were observed in
sample 91-030.

In 16 cases no singlep/reactivity of the clonal cell population
was observed, despite the presence of clongtC RT-PCR
products in 15 of these samples (one was not studied throughs
RT-PCR). Close examination revealed that in all 15 cases, the
clonal transcripts contained gene segments derived from multimem-

MIX1-FITC MIX2-FITC MIX3-FITC
ber VB families (VB5, VB6, VB7, and \B13) known to be % % <%
incompletely covered by the respective mAbs in the current panel.
The position of the various primers for thes@ Yamilies of gene 51
segments, however, did not allow for a detailed analysis into the §
exact gene member that was used. Nevertheless, even in these casé

CD3-PerCP

CD3-PerCP

CD3-PerCP
CD3-PerCP

MIX4-FITG MIX5-FITC MIX6-FITC

99% <1% <1%

CD3-PerCP
CD3-PerCP

CD3-PerCP
CD3-PerCP
CD3-PerCP

C <1% A% A%

3-PerGP

CD3-PerCP
CD3-PerCP

CD3-PerCP

MIX4-FITC MIX5-FITC MIX8-FITC

47% 5% 4% Figure 2. Flow cytometric VB repertoire analysis using V. B mAb mixtures in

mature T-cell proliferation patients. (A) In healthy controls, 60% to 65% of
CD3* cells are recognized in double immunofluorescence stainings with 6
different VB mAbs mixtures in combination with CD3-PerCP.1° (B) Using compa-
rable stainings in T-CLL patient 98-086, 99% of CD3* cells are recognized by V3
mAbs mix 1, whereas all other 5 mixes only recognize less than 1% of all CD3*
cells. This indicates the presence of a large, presumably clonal CD3* T-cell

CD3(Leu-4)-PerCP

controf control control . ) A A ) e
TP —— T ARBAMIITG s p—— population with single VB expression. (C) Double immunofluorescence stainings
o pemy ey with the 6 V3 mAbs mixtures resulted in less than 5% CD3*/VB* cells in T-CLL
o b b

patient 98-002, suggesting the presence of a large, presumably clonal CD3*
T-cell population with single VB expression not recognized by any of the Vg mAbs
in the current panel.

CD3{Leu-4)-PerCP
CD3{Leu-4)-PerCP

without VB mAb reactivity, the molecular and flow cytometric

55087 087 96-049 results were not discordant.
V[38.1/2(56C6.2)-FITC V[13.1/3(BAM13)-FITC V22(IMMU546)-FITC
Figure 1. Flow cytometric V B analysis in patients with mature T-cell prolifera- VB oligoclonality in mature T-cell proliferations

tions compared with healthy controls. Using VB8.1/8.2, VB13.1/13.3, and Vp22

(FITC-labeled) double immunofiuorescence stainings with CD3-PerCP, only small ~ Although in all analyzed mature T-cell proliferations 1 or 2
percentages of CD3*/VB* cells can be identified in healthy controls (upper panel), dominant \'B'CB RT-PCR products could be identified, in several
whereas similar double stainings in samples 93-027, 93-067, and 96-049 enable . .
identification of large T-cell populations with single VB8.1/8.2, V313.1/13.3, and VB22 Samples a whole array of addltlonaB\CB products of variable,

expression, respectively (lower panel). but mostly weak, intensity were found, next to the dominant clonal
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Figure 3. V B-CB RT-PCR heteroduplex analysis. After
reverse transcription of total RNA of T-LGL patient 86-

041, cDNAwas PCR amplified using V family primers in . X
combination with a Cg primer. On heteroduplex analysis, i g
2 major clonal products (VB1-CB and VB7-Cp) belonging 500
to the dominant clone were observed in addition to 400
several weaker clonal VB-CB products. These latter

300

products represented rearranged alleles of small sub-
clones that were not identified with flow cytometric
Vg analysis.

- 100

VB-CB product(s), as exemplified in Figure 3. Close examinatiomAbs against the nuclear enzyme TdT and various CD antigens.
of these oligoclonal samples disclosed that virtually all wer&iven that the main diagnostic problems generally concern suspect
diagnosed as T-LGL leukemias, whereas only a few concernethture (postthymic) T-cell proliferations, we studied a series of 47
patients with T-CLL or Seary syndrome. Despite their oligoclonalsuch mature T-cell proliferations, proven to be clonal based on SB
character, in all cases a dominant clonal cell population wasalysis. RT-PCR heteroduplex analysis @-Zp transcripts in all
observed, as evidenced by the flow cytometric data. 42 analyzed cases confirmed the (mono)clonal character of the
studied cell samples. Flow cytometri@\Yepertoire analysis of the
suspect mature T-cell proliferations identified singl@ Yomain
expression in 31 (66%) of 47 cases. Together with the sin@le V

Di ion o ) ) .
SCUSSIo reactivity in 10 of 12 T-cell lines and in 8 of 16 T-ALL samples, this
VB repertoire analysis for identification of clonal means that 49 (65%) of 75 cases were picked up through flow
cell populations cytometric \3 repertoire analysis. In 16 of the 47 cases showing

) ) . extensive T-cell proliferation, the combine@®\éntibody reactivity
Clonality assessment of mature T-cell proliferations has lo%vered less than 20% of all CD3T cells (instead of approi

been performed by means of SB analysis. Although SB analyﬂ?‘ately 65%), which is indirect proof for the presence of a large

Is h_ighly reliable owing t_o an almost. c_om_plete lack Of, falseT—(:eII population with single, though unidentified,3Vdomain
positive and false-negative results, it is time consuming a%%pression (Table 4)
0

labor intensive, and it requires relatively large amounts Flow cytometric \B repertoire analysis can thus be used as a

hlngig-qdudalgyﬁDNA. Thre lar::tellrtlis genebrially iunavsll;':ltbhlie '? para:'?; &antitative) screening method for the detection of large, aberrant
embedded tissues or smail issue biopsies. For this reason, F.gq, populations with single @ domain expression. To define

analysis of TCRG gene rearrangements has been used as an .
. 17 . . . single M3 expression, the mean normagWalues should be used,
alternative strategi®-1”However, the relatively restricted diver

. . also taking into account the differences in the use of particuar V
sity of TCRG gene rearrangements and the resultant high-"" .
e S ) mains between CD4and CD8 T-cell populations and observa
background amplification of similar rearrangements in normaltons of & more restricted &/ usage of especially CD8 T mpho-
cells limits the potential of this approach. Because TzRB ' ! Wusag pecially ymp

recombination diversity is essentially larger than thaT €@RG cyte§ in the e|der|§,9,3§-39 Taken toggther, this means that we
genes, analysis of thep/repertoire off CRBgenes has been putcon5|der T-cell expansions aberrant if they concern more than the
forward as a diagnostic strategy for clonality studies in suspe@t“e‘_”m \8 value plus 3 SD (generally more than 2_0%) of the
T-cell proliferations. This approach can also be used to study tREPheral blood T cells or if the suspect population exceeds
actual TCRBrepertoire in other disease states with high T-cef-0 % 10°/L. The arbitrary cut-off of 2.0< 1%/L is considered an
activity, such as autoimmune disead&® immunodeficien important criterion for dlagnoslng T-ceII.LGL leukemiathough
cies?%25 and alloreactivity in patients who have undergon&VEN !owgr absolute coqnts might sometlmgs oceur. Use of a 6-tube
transplantatio®28 Until recently, this type of analysis mainly €St kit with VB mAbs mixtures, each covering maximally 10% to
concerned PCR-based assa§3l?2262930However, a much 1% of the \B repertoire (Figure 2), further enables the screening
faster and more quantitative analysis of the TECRpertoire is for VB repertoire restriction® Meanwhile, an attractive commer
now possible through the use of mAbs directed against te \£ial 8-tube kit (10 Test Beta Mark) has become available (Immuno-
domains of TCRB molecules, which cover 65% to 70% ofdv tech/Beckman Coulter, Marseilles, France); in each of the 8 tubes,
domains in blood T lymphocytes of children and addf3L-34 3 distinctly labeled 8 antibodies are present that not only allow
We performed parallel molecular and flow cytometri@ V detection of single B expression but also direct identification of
analyses in a series of SB-defined T@@RT-ALL samples and the involved \3 domain or family.
T-cell lines to validate both approaches for the detection of The results in this study suggest that detection of a T-cell
clonality. Indeed, clonal B-Cp transcripts could easily be detectedPopulation with restricted B usage in principle implies clonality
in all T-ALL samples and T-cell lines. Moreover, the correspondingf the involved proliferation. The fact that detection of singig V
VB mAb reactivity patterns also indicated the presence of largexpression is not necessarily equal to clonality is illustrated by, for
single VB domain (“clonal”) cell populations in these casesgxample, case 91-030 showing a smalp22* population of
indicating that both methods are suitable for detecting aberraapproximately 10% that was not found to be clonal in molecular
T-cell proliferations. However, patients with T-ALL generally doanalysis. Although this expanded322* population was smaller
not have diagnostic dilemmas for whici3\analysis is required than 20%, we think that in doubtful cases it generally remains
because thymus derived T-ALL is relatively easy to diagnose usiimgportant to confirm the presumed clonality by amplification of the
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involved VB-CB product. In case of large f/ unreactive T-cell and, to a lesser extent, in T-cell lines (1 of 6 cases), double in-frame
populations, the clonal character should be established by P&Rnscripts were observed. In theory this could lead to doulBle V
using a complete set of/family primers or by other molecular expression in particular samples. However, in virtually all cases
approaches, such as PCR analysiS@RGgenes or SB analysis of that could be evaluated, the clonal T-cell population reacted with
TCRBgenes. The detection limits of both Southern blot analysinly one of the \B mAbs; monoreactivity cannot be proven
(5%-10%) and PCR-based assays (1%-5%) are superior over figdmally in a few samples because of the lack of approprigge V
cytometric analysis of the f/repertoire, which has a sensitivity of antibodies in the panel. In case 95-121, the 2 identified in-frame
20% for single \B domain expression because of the backgrounglg_cp transcripts appeared to be derived from 2 distinct T-cell
of normal M3 usage. Nevertheless, this sensitivity of the lattgsopylations, given the results of flow cytometric analysis. Taken
method might be improved if additional immunophenotypic ma”‘tbgether, the data strongly suggest that in cases with double
ers are included to detecBusage in combination with a specific;, o ma VB-CB products, monospecificity of the TCR is guaran-

T-ceI_I phenotypt_e such as CD4, CD8, CD56, an_d CD57. . teed by regulation at the level of translation of TEBhains or by
Finally, a major advantage of flow cytometri@\analysis over preferential pairing of one TOR chain with the involved

PCR-based assays is that once established and confirmed,.lia?:h chain

VB-restricted T-cell population can easily and quantitatively be We conclude from our data that flow cytometri@ Vepertoire

monitored in combination with other markers during and after

. . analysis is a fast and relatively cheap alternative tool that can be
therapy, using age-dependent reference values for compatigon. . ) . .
used as a powerful screening method in patients with suspect T-cell

Oligoclonality of T-LGL proliferations proliferations. Formally, however, clonality as deduced from single
VB domain expression (more than 20% of cells) or from the lack of

During analysis of the mature T-cell proliferations, we observegactivity of a large (more than 50% to 60%) TER" T-cell

that especially in many T-LGL samples, multiple weak additiongdopulation would still need proof by molecular assays. Neverthe-

products were seen next to 1 or BAC transcripts belonging t0 |ess, flow cytometric analysis has the additional advantages of

the immunophenotypically dominant clone. Limited sequencing @oking within T-cell subsets and precise quantitation of tge"V

these clonal products did not show similag\gene segments or ¢q|is. An additional interesting application is the flow cytometric

junctional region sequences. This observation provides furtWﬁronitoring of VB* leukemic cells during and after therapy, once a
evidence for the hypothesis raised earlier, which is that T'LGéingIeVB expression has been determined.

derive from polyclonal or oligoclonal proliferations of antigen-
activated cytotoxic T-cells and that, in some situations, transforma-
tion or dysregulation of growth or apoptosis results in T-LGL leukemia
showing a more restricted and dominang Wisage (expressed asp knowledgments
percentage MNCs) and a raised absolute cell count of abnorma(l:

cells?245 Furthermore, the generally indolent course of this type @fie thank Prof dr R. Benner for support and Ms J. Boon for
T-cell proliferation and the relatively lower white blood cell countsg retarial assistance. We also thank the following clinicians and

(compared to T-CLL and T-PLL proliferations) are also in line with &jentists for submitting samples from patients with suspect mature
pretransformation state of oligoclonal proliferations of activated T-cellf,;ce” proliferations: H. J. Adriaansen, P. B. Berendes, J. W.

Gratama, E. Harthoorn-Lasthuizen, C. van der Heul, J. van Helden,
J. C. Kluin-Nelemans, P. J. Lugtenburg, C. Lynas, L. Marcelis, E.
Remarkably, in many T-ALL (6 of 10) and mature T-cell proliferaMoreau, P. Sonneveld, W. Slieker, J. W. Smit, H. Storm, P.
tions (at least 9 of 16) with bi-alleli# CRBgene rearrangementsVandenberghe, M. B. van ‘t Veer, and G. Verhoef.

Monoreactivity in T-ALL and mature T-cell populations
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