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Abstract We previously reported that hairy cell leukemia
(HCL) patients have high percentages of CD56+/
CD57+/CD3+ large granular lymphocytes consistent
with cytotoxic T-lymphocytes (CTLs), and other inves-
tigators have reported skewing of the T-cell repertoire.
In previous studies of up to seven HCL patients, many
of the 22 established T-cell receptor (TCR) beta variable
region (TRBV) families showed mono- or oligoclonal
restriction. To determine whether percentages of CTLs
are correlated with TRBV clonal excess, we studied 20
HCL patients with flow cytometry, PCR of TCR gamma
and TRBV regions, and fractional gel electrophoresis of
PCR-amplified TRBV CDR3 domains (CDR3 spectra-
typing). Increased percentages of CD3+/CD8+/
CD57+ CTLs correlated with more mono/oligoclonal
and fewer polyclonal TRBV families (r=0.53;
P=0.016). Age correlated with number of mono/oli-
goclonal TRBV families (r=0.51; P=0.022). Time since
last purine analog therapy correlated with number of
polyclonal TRBV families (r=0.46; P=0.040), but
treatment with the anti-CD22 recombinant immuno-
toxin BL22 was not related to clonal excess. We con-
clude that abnormalities in the T-cell repertoire in HCL
patients may represent deficient immunity, and may be
exacerbated by purine analogs. Increased CD3+/
CD57+ T-cells may be a useful marker of abnormal
TRBV repertoire in HCL patients, and might prove
useful in deciding whether patients should receive

biologic antibody-based treatment rather than repeated
courses of purine analog for relapsed disease.
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Introduction

Hairy cell leukemia (HCL) is a B-cell lymphoprolifera-
tive malignancy representing 2% of all leukemias [1].
Hairy cells are mature though not terminally differenti-
ated [2], and display surface CD19, CD20, CD22,
immunoglobulin (Ig), CD79A, CD40, CD103, and
CD11c [3, 4]. CD25 is expressed in 80% of patients and
the CD25-negative cases usually belong to a poor-
prognosis HCL variant (HCLv) group [5–8]. The highly
effective purine analogs cladribine (chlorodeoxyadeno-
sine, or CdA) and pentostatin (deoxycoformycin or
DCF), are not curative, but induce long-term complete
remissions in most patients until repeated courses fail to
induce responses [9–16]. Purine analogs cause significant
decreases in CD4+ and CD8+ lymphocytes [17, 18];
the median time to recovery of CD4+ T-cells is up to
4 years, longer than the time to recovery of CD8+ T-
cells. Immunobiologic targeted treatments include the
anti-CD20 monoclonal antibody (MAb) Rituximab
[19–22] and the anti-CD22 recombinant immunotoxin
BL22 [23, 24], neither of which targets T-cells. Complete
and partial remissions have been achieved with both
agents in chemoresistant HCL [19–24].

Large granular lymphocytes (LGL) have been de-
scribed in HCL as either CD3-negative NK cells or
CD3+ cytotoxic T-lymphocytes (CTLs) which are clo-
nal but not malignant [25–28]. Kluin-Nelemans et al.
reported T-cell restriction in 25 HCL patients by TCR
gamma (TCRG) PCR [29], and in seven patients by RT-
PCR of each of 22 TCR beta variable (TRBV) families
[29, 30]. In one case, expansion of CD8+/CD57+ CTLs
was documented [31]. HCL-specific T-cell clones could
be isolated from HCL patients [32, 33], but clonally

E. Arons Æ L. Sorbara Æ M. Raffeld Æ M. Stetler-Stevenson
S. M. Steinberg Æ D. J. Liewehr Æ I. Pastan Æ R. J. Kreitman
Laboratories of Molecular Biology and Pathology,
and Biostatistics and Data Management Section,
Centers for Cancer Research, National Cancer Institute,
National Institutes of Health, Bethesda, MD, USA

R. J. Kreitman (&)
Clinical Immunotherapy Section, Laboratory of Molecular
Biology, 9000 Rockville Pike, Building 37, Room 5124b,
Bethesda, MD 20892-4255, USA
E-mail: kreitmar@mail.nih.gov
Tel.: +1-301-4966947
Fax: +1-240-2550739

Cancer Immunol Immunother (2006) 55: 1100–1110
DOI 10.1007/s00262-005-0099-1



expanded T-cells from two HCL patients were not spe-
cific for hairy cells [31]. Thus, it is not clear that T-cell
restriction in HCL represents an immune response to the
tumor. We have reported that HCL patients after purine
analogs frequently have increased percentages of CTLs,
defined by CD8+/CD3+, CD56+/CD3+, and
CD57+/CD3+ T-cells [34]. In that study, six of six
patients analyzed had TCRG restriction by PCR. It has
not been possible, due to the limited number of patients
previously studied, to determine whether CTL antigens,
TCRG PCR, or clinical factors correlate with mono/
oligoclonal skewing of the a/b T-cell repertoire.

To explore the relationship between increased per-
centages of CTL cells and skewing of the T-cell repertoire,
we studied 22 purine analog-pretreated HCL patients for
TCRG and TRBV restriction, and TRBV expression. We
performed flow cytometry to quantify circulating CTLs,
NK cells, or CD4+ cells. In 20 of these patients we per-
formed CDR3 spectratyping to determine if each of 22
established TRBV families was expressed in a mono/oli-
goclonal or polyclonal fashion. To begin to investigate the
clinical significance of T-cell restriction in HCL, we
studied patients with a wide range of clinical situations
with respect to disease burden and prior treatment.

Material and methods

Patients and controls

Blood collected in heparin and EDTA tubes was ob-
tained as part of sample acquisition protocols with in-
formed consent approved by the NCI Investigator’s
Review Board. All patients had clinical presentation and
morphology consistent with HCL and had a complete
peripheral blood mononuclear cell (PBMC) immuno-
phenotypic analysis as part of their standard evaluation.
For each patient, dates of blood collection for flow
cytometry and PCR results were the same or up to
3 weeks apart. Patients #14 and 18 had hairy cell leu-
kemia variant (HCLv) and the other patients had classic
HCL. The two patients with HCLv each had HCL cells
negative for CD25 but otherwise consistent with HCL,
including positive for CD103 and bright positive for
CD22, CD11c and CD20. The diagnosis of HCL by flow
cytometry also required the demonstration of monocl-
onality based on lambda or kappa surface light chains.
Peripheral blood specimens from eight normal age-
matched donors were also collected in EDTA tubes. The
clinical status and response to BL22 of most of the pa-
tients was recently reported [23].

Isolation and purification of genomic DNA
from whole blood samples

Whole blood was fractionated by centrifugation in
CTP Cell Preparation Tubes (BD, Franklin Lakes,
NJ). Nucleated cells were removed and washed with

phosphate-buffered saline (without Mg2+ or Ca2+).
The pelleted, washed cells were lysed with DNAzol
(Invitrogen, Carlsbad, CA) and genomic DNA was
isolated according to the manufacturer’s methods. The
concentration of DNA was determined by optical
density at 260 nm. One microgram of purified DNA
was placed in 0.5 ml PCR tubes, mixed with 20 ll of
Gene Releaser resin (Bioventures Inc., Murfreesboro,
TN) and layered with mineral oil. The resin/DNA
mixtures were preincubated in a thermocycler (Model
9700, Applied Biosystems, Foster City, CA) according
to the Gene Releaser protocol, prior to the addition of
the specific polymerase chain reaction (PCR) master
mixes.

T-cell receptor gamma chain gene rearrangement studies

To assess clonality of the TCRG gene, consensus
primers directed to conserved sequences in the junctional
regions (Jc12, 5¢-CAAGTGTTGTTCCACTGCC-3¢
and Jp12, 5¢-GTTACTATGAGC(T/C)TAGTCC-3¢)
and framework determinants of the variable regions
(Vc101, 5¢-CTCACACTC(C/T)CACTTC-3¢ and Vc11,
5¢-TCTGG(G/A)GTCTATTACTGTGC-3¢) of the c
chain were used to PCR amplify genomic DNA of each
sample as previously described [35]. PCR products were
separated and analyzed by 16% polyacrylamide gel
electrophoresis and visualized by staining with ethidium
bromide.

Purification and separation of peripheral blood CD4+
and CD8+ cells

CD4+ and CD8+ T-cells were positively selected from
whole peripheral blood by CD4 and CD8 isolation kits
using monoclonal antibodies coupled to magnetic beads
(Dynal Biotech, Oslo, Norway), according to the man-
ufacturer’s instructions. Separated CD4+ and CD8+
populations were tested by anti-CD4, anti-CD8, and
anti-CD19 monoclonal antibodies (BD Biosciences, San
Jose, CA).

Quantitative PCR studies (general)

Reverse transcription was performed followed by
quantitative PCR (RT-PCR and RQ-PCR) of total
RNA samples from peripheral blood of HCL patients
and age-matched control donors. Family-specific for-
ward and reverse primers were used as well as SYBR
Green I for reaching high sensitivity. Each family spe-
cific reaction was performed in triplicate. A melting
curve analysis was done to discriminate between specific
and nonspecific PCR products. Intensity values of TCR
beta constant region PCR products from tenfold dilu-
tions were used for a reference standard for relative
quantification of TRBV family expression.

1101



RNA extraction and cDNA synthesis

Total RNA was extracted from PBMC, CD4+ or
CD8+ T-cell populations, using the QIAamp RNA
blood Mini kit (QIAGEN, Valencia, CA), according to
the manufacturer’s instruction. The 25 ll reaction mix-
ture, containing 1–3 lg total RNA, 2 ll 10 mM dNTP
mix (Invitrogen), and 2 ll 0.5 lg/ll Oligo(dT)12–18 pri-
mer (Invitrogen) was denatured at 65�C for 5 min and
immediately chilled on ice. First strand cDNA synthesis
was performed in a 40 ll reaction mixture also con-
taining 8 ll 5 First-Strand Buffer (Invitrogen), 4 ll
0.1 M DTT (Invitrogen), 2 ll of 40 units/ll RnaseOUT
(Invitrogen), and 0.5 ll of 200 U/ll SuperScript II
RnaseH- Reverse Transcriptase (Invitrogen). The reac-
tion mixture was incubated at 42�C for 50 min, followed
by 15 min at 70�C to inactivate Reverse Transcriptase,
and then stored at �20�C. The reaction mixture was
treated with 1 ll of 2 U/ll Ribonuclease H (Invitrogen)
before amplification.

Analysis of TCR beta chain variable gene usage

Quantitative PCR was performed in triplicates in 20 ll
final volumes containing 10 ll QuantiTect SYBR Green
PCR Kit (QIAGEN GmbH, Hilden, Germany), and
0.5 ll (20 pmole) of each primer in a DNA Engine
Opticon 2 Continuous Fluorescence Detector (MJ re-
search, MA). Cycling conditions were 15 min at 95�C,
followed by 40 cycles at 10 s at 94�C, 15 s at 58�C, 30 s
at 72�C, signal reading at the end of this step, then final
elongation for 10 min at 72�C. After the last cycle and

final elongation, standard and melting curves were ob-
tained. Amplification efficiencies of different TRBV
families were normalized relative to TCR beta chain
constant region amplification. For TRBV families [36],
specific primers are listed in Table 1 and sequences are
presented.

Normalization of TRBV specific cDNA concentration

The TRBV chain-specific cDNA concentration was nor-
malized relative to specific real-time PCR by amplifying
part of TCRbeta constant genes [37]. Briefly, a 5¢CB-con-
F primer (5¢-GAGGGTCTCGGCCACCTT-3¢ and 5¢-
GGCAGACAGGACCCCTTG-3¢) and a 3¢ CB-con-R
primer (5¢-CCACTGTGCACCTCCTTCC-3¢), both
specific for TRBC1 and TRBC2 genes, were used in real-
time PCR with serial tenfold dilutions of cDNA. The
TRBC PCR product intensities were then used by Opti-
con Monitor 201.10 quantitation software (MJ Research
Inc., Waltham, MA) as standards for the relative deter-
mination of TRBV chain-specific concentration.

Analysis of CDR3 length spectratyping

CDR3 length polymorphism analysis was performed
as described [38]. Briefly, cDNA samples were ampli-
fied in 35 cycles of PCR using primers specific for the
corresponding TRBV-families as 5¢ primers and 3¢ CB-
con-R3-HEX as the 3¢ primer. The products were
purified by QIAquik PCR Purification Kit (QIAGEN,
Valencia, CA) and checked on 2% agarose gels

Table 1 Sequences for primers
used in TRBV studies TRBV family

(IMGT classification)
Primer Sequence 5¢ fi 3¢

TRBV2 BV22 GAG TTT CTG GTT TCC TTT TAT AAT AAT
TRBV3-1 BV9 TAA ACA GGA CTC TAA GAA ATT T
TRBV4-3/2 BV7 CTA AGA AGC CAC TGG AGC TC
TRBV5-1 BV5 ATC AAA ACG AGA GGA CAG CA
TRBV6 BV13a CAC TCA GAC CCC AAA ATT C
TRBV6-4 BV13b ATT CAA ATA CTG CAG GTA CC
TRBV7 BV6 CTC AGG TGT GAT CCA ATT TC
TRBV9 BV1{9} CCG CAC AAC AGT TCC CTG ACT TGC
TRBV10-3 BV12a CAG ACT GAG AAC CAC CGC
TRBV10-2 BV12b GGA AGG CAG GTG ACC TTG
TRBV11 BV21 AGT AGA TGA TTC ACA GTT GCC TA
TRBV12 BV8 AGG TGA CAG AGA TGG GAC AA
TRBV13 BV23 AGA AAA GAG GGA AAC AGC C
TRBV14 BV16 GCA GAA CTG GAG GAT TCT GG
TRBV15 BV24 AGC TGC TGT TCC ACT ACT ATG AC
TRBV16 BV25 TTG ATG AAA CAG GTA TGC CC
TRBV18 BV18 AAA TTC ATG GTT TAT CTC CAG AAA
TRBV19 BV17 GAG ATT CAT CTA CTA CTC ACA GAT
TRBV20-1 BV2 GCT GAT GGC AAC TTC CAA TG
TRBV24-1 BV15 CGA CAG GCA CAG GCT AAA
TRBV25-1 BV11 ACC TCA TCC ACT ATT CCT ATG GA
TRBV27 BV14 GCA GAT CTA CTA TTC AAT GAA
TRBV28 BV3 TCT CAT ATG ATG TTA AAA TGA AAG AA
TRBV29-1 BV4{29} CGCCCAAACCTAACATTCTC
TRBV30 BV20 GCT CTT CTA CTC CGT TGG T
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(Bio-Rad Laboratories, Hercules, CA) stained with
ethidium bromide. 10 ll containing TRBV chain-spe-
cific PCR product and 15:1 deionized formamide
(Applied Biosystem, Foster City, CA) GeneScan-500
ROX Size Standard (Applied Biosystem, Warrington,
UK) mixture, was loaded onto 12% denaturing poly-
acrylamide sequencing gels and the electrophoresis was
run in an ABI Prism 3100 sequencing machine. The
data were collected by computer and analyzed by the
GeneScan 3.1 software. A dominant CDR3 peak (or
peaks) was defined as monoclonal (high-intensity sig-
nal) when there was a dramatic reduction of other
CDR3 signals within that particular TRBV family,
when the area under a single peak was >50% of the
total area under the curve area [38, 39].

Statistical analysis

Differences in continuously measured parameter values
between two groups of patients were evaluated for sta-
tistical significance using the Wilcoxon rank sum test.
Differences in binomial (dichotomous) parameters were
compared using Fisher’s exact test. Correlations were
performed using Spearman (nonparametric) rank cor-
relation analysis. Correlations such that |r|>0.70 were
interpreted as being strong, those such that
0.50<|r|<0.70 were moderately strong, 0.3<|r|<0.5
were weak to moderately strong, and those with
|r|<0.30 were considered weak. The P-value associated
with a correlation coefficient is for a test of r=0, and

thus is less important in interpretation than the actual
magnitude of the coefficient.

All P-values are two-sided and have not been for-
mally adjusted for multiple comparisons. In this
exploratory analysis, when many related comparisons
were made, in particular when individual evaluations are
made for each TRBV family, only P-values such that
P<0.005 should be interpreted as being statistically
significant, while those such that 0.005<P<0.05 could
be considered trends.

Results

To characterize the previous finding that HCL patients
frequently have increased percentages of lymphocytes
with CTL phenotype and appear oligoclonal with respect
to TCRG rearrangements [34], we evaluated HCL pa-
tients with and without CTL elevations for oligoclonal
restriction in both TCRG and TRBV domains. Blood
from patients was used to produce both genomic DNA
for TCRG PCR analysis, and cDNA from total RNA to
evaluate TRBV usage. In addition to amplification of
TRBV chains by PCR for quantitation, fragments were
subjected to CDR3 spectratyping to investigate clonality.

Patient characteristics

To examine a wide range of variations in T-cell reper-
toires, we purposefully used patients with a wide variety

Table 2 HCL study patient characteristics

Patient Age Sex Months
since last
CdA/DCF

Months since
beginning BL22

Total BL22
cycles

Months since
last BL22

WBC
cells/L ·10�9

HCL
cells/L ·10�9

Spleen
Present

P00 83 M 30 Untreated 0 N/A 1.60 0.003 No
P09 46 F 52 43 4 41 4.51 0.000 Yes
P14 51 M 52 45 20 1 6.39 1.297 No
P17 66 M 105 44 3 41 4.61 0.000 Yes
P18 74 M 50 37 12 6 61.20 56.871 No
P20 53 M 60 35 2 34 3.80 0.002 Yes
P25 63 M 53 36 7 0 1.90 0.012 No
P27 47 M 68 35 5 25 4.17 0.001 Yes
P28 61 F 83 37 2 36 6.28 0.000 No
P29 40 M 37 33 23 0 9.53 0.320 Yes
P30 56 M 65 20 16 6 5.60 0.000 Yes
P33 50 M 60 23 5 20 5.57 0.000 Yes
P36 48 F 28 23 3 21 2.21 0.086 No
P38 51 M 68 21 3 19 3.35 0.134 No
P40 35 M 35 21 1 21 5.09 0.000 Yes
P41 72 M 23 13 9 1 4.14 0.000 Yes
P43 65 M 23 10 4 6 4.30 0.000 No
P44 69 F 18 11 8 1 7.10 0.453 No
P45 59 M 47 10 3 7 3.92 0.000 Yes
P46 45 M 62 10 3 7 24.60 22.671 No
P47 56 M 27 Pre 0 N/A 3.79 3.566 No
P49 65 M 26 Pre 0 N/A 1.78 0.128 Yes

N/A, not applicable. Pre, prior to BL22 treatment
HCL Hairy Cell Leukemia
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of ages, disease burden, type of treatment last used, and
time since last treatment. Peripheral blood specimens
from 22 patients with a confirmed diagnosis of HCL were
examined. As shown in Table 2, the age was 35–83
(median 56), and the male–female ratio was 4.5:1. There
were 18–105 (median 51) months since the last purine
analog treatment. All patients were treated with BL22
except for patient P00, and two patients were assessed
prior to beginning BL22. The remaining 19 patients were
tested 10–45 (median 23) months after beginning BL22
and had received 1–23 (median 4) cycles. White blood
counts (WBC) were 1.6–61.2 (median 4.4) and circulating
hairy cell (HCL) counts were 0–56.9 (median 0.002) cells/
l·10�9. Half of the patients had prior splenectomy.
Serious infections were uncommon except for Aspergillus
pneumonia in P47 just prior to beginning BL22. Patient
P14 had Pneumocystis carinii pneumonia and patient 17
had an unspecified pneumonia 33 and 41 months prior to
assessment by PCR. Thus, the HCL patients were a di-
verse group expected to vary widely in T-cell repertoire.

PBMC analysis by flow cytometry

As previously reported [34], patients with HCL had an
increase in percent lymphocytes phenotypically consis-

tent with CTLs. As shown in Table 3, which lists %
lymphocytes relative to total T-cells, 50, 50, and 41% of
patients had high % CD56+/CD3+, CD57+/CD3+,
and CD8+/CD3+ cells, respectively. Thus, 15 (68%) of
the patients had T-cells with abnormally high percent-
ages of cells phenotypically consistent with CTLs.

TCR gamma rearrangement studies

To detect TCRG restriction, which occurs in the chro-
mosomes of / T-cells, PCR was performed on genomic
DNA prepared from PBMCs of HCL patients, and re-
sults are shown in Table 3. Examples of restricted and
polyclonal gamma chain rearrangement cases are shown
in Fig. 1. A restricted (oligoclonal) TCRG pattern was
seen in 17 of 22 patients (77%) and the remaining five
patients (23%) had a polyclonal pattern. By an exact-
Wilcoxon rank sum test, patients with TCRG restriction
had higher percentages of CD3+/CD57+ (P=0.005),
CD3+/CD56+ (P=0.048), and a trend toward higher%
CD3+/CD8+ (P=0.055) cells, but lower percentages of
CD3+/CD4+ (P=0.004) cells. TCRG restriction was
associated with a lower number of BL22 cycles
(P=0.003). Thus, TCRG restriction was not associated
with heavier BL22 treatment, and was associated with

Table 3 Patient results

PT # % of T-lymphocytes in blood Number of
TRBV family

PCR gamma
Restrictrion

CD56+/ CD3+ CD57+/ CD3+ CD8+/ CD3+ CD4+/ CD3+ Total CDR3
Peaks/Families

Mono/
oligoclonal

Polyclonal

BL45 8 2 20 72 3.21 15 0 Yes
BL27 1 3 39 65 8.05 0 17 No
BL14 2 6 19 81 6.82 5 5 No
BL25 2 7 40 60 7.59 3 7 No
BL29 9 9 40 57 7.36 0 10 No
BL20 1 11 52 51 5.86 9 4 Yes
BL40 14 13 45 48 6.95 3 7 Yes
BL38 7 16 38 60 6.41 9 5 Yes
BL30 11 18 34 66 7.14 5 7 No
BL33 25 24 46 44 ND ND ND Yes
BL46 9 27 36 27 7.23 9 7 Yes
BL28 14 30 45 60 5.84 9 3 Yes
BL09 11 31 54 48 6.37 3 1 Yes
BL36 8 33 36 58 4.81 18 0 Yes
BL17 14 34 52 45 ND ND ND Yes
BL47 7 40 51 44 6.19 7 2 Yes
BL41 2 44 62 37 6.05 13 3 Yes
BL00 19 47 57 43 8.00 4 9 Yes
BL18 17 50 50 33 4.14 21 0 Yes
BL43 38 57 18 54 6.20 7 1 Yes
BL49 50 71 61 36 3.30 19 1 Yes
BL44 23 76 57 46 3.77 21 0 Yes

N/A, not applicable. Pre, prior to BL22 treatment.
Normal ranges, determined by the NIH Clinical Center Flow Cytometry Lab, are 3.2–9.7% for CD56+/CD3+, 4.9–28.3% for CD57+/
CD3+, 37.9–47.8% for CD8+/CD3+, and variable for CD4+/CD3+, expressed as % of T (CD3+) lymphocytes. Patients are
arranged in ascending order of % CD57+/CD3+. Total CDR3 peaks/family indicate the average number of peaks for each patient by
CDR3 spectratyping, considering the 22 TRBV families evaluable
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higher percentages of cells phenotypically consistent with
CTLs.

TRBV expression

Since the vast majority of T-cells in our patients, as in
most T-cells in the normal population, expressed a/b
rather than c/d TCRs, we analyzed TRBV gene usage.
Relative usage of different TRBV genes in total T-cell

populations for 22 HCL patients and eight control do-
nors is shown in Fig. 2a. Compared to normal controls,
HCL patients had higher usage of TRBV14, TRBV20-1,
and TRBV29-1 and lower usage of TRBV10-3,
TRBV19, and TRBV28 (all P<0.01). To determine
whether TCRG restriction is associated with over- or
underexpression in certain TRBV families, TRBV
expression was compared for the 17 patients who had
TCRG restriction and the five with TCRG polyclonality
(Fig. 2b). Observed trends included higher TRBV18 and

Fig. 2 T-cell receptor beta
variable (TRBV) gene family
usage. a Comparison between
mean values (±SD) of all
investigated hairy cell leukemia
(HCL) patients and control
donors. b Comparison between
TRBV usage by HCL patients
with restricted (n=17) and
polyclonal (n=5) T-cell
receptor gamma (TCRG).
*, P<0.05, identifying trends
or better

Fig. 1 Results of gamma chain
T-cell receptor (TCR)
rearrangement studies by
polymerase chain reaction
(PCR). a Example of polyclonal
rearrangement, P14. b (P41)
and c (phase II patient)
represent examples of clonal
(restricted) rearrangements.
There are two samples at two
different time points 9 months
apart, demonstrating the
stability of the clonal bands.
The asterisks represent 118 and
72 bp. The 72 bp marker was
used to align the gels
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TRBV29-1 and lower TRBV11 with restriction (all
P=0.030), but these differences were only trends in the
context of an analysis of 21 TRBV family subsets.

Effect of BL22 on T-cells and TRBV gene usage

To determine whether the anti-CD22 recombinant im-
munotoxin BL22 would decrease circulating T-cells, as
was reported for purine analogs [13, 17, 18], the 21 pa-
tients treated with BL22 were assessed by flow cytometry
before and at 1, 2, 4, 6, 12, 18, and 24 months after
beginning BL22. As shown in Fig. 3, median T-cell
counts decreased only slightly at 1 month and after
2 months were higher than baseline. A pairwise com-
parison of individual values for the patients showed no
significant difference from baseline for any of the time
points (all P>0.05 by Wilcoxon signed rank test). Thus,
BL22 showed no evidence of T-cell toxicity which is
common with purine analogs, which was expected based
on its selective targeting of B-cells.

TRBV CDR3 spectratyping in total T-cell population

To determine whether expression in each TRBV family
was polyclonal or mono/oligoclonal, the CDR3 length
distribution pattern was determined. The tests were
performed on the same T-cell samples as in the TRBV
gene usage analyses. As shown in Fig. 4a, the CDR3
distribution patterns, normally Gaussian for families
with polyclonal T-cell expression, were compared for
HCL patients with or without TCRG restriction, and

also with normal age-matched controls. Data were
classified for each family of each patient with respect to
whether the peaks were monoclonal/oligoclonal, poly-
clonal, or mixed/indeterminate. The number of families
with mono/oligoclonal expression varied from 0 in pa-
tients 27 and 29 to 21 in patients 18 and 44 (Table 3).
TCRG restriction was associated with evidence of
TRBV restriction, including fewer total TRBV peaks/
family (P=0.005), higher number of mono/oligoclonal
families (P=0.004), and lower number of polyclonal
families (0.005).

Relationship of T-cell restriction to clinical factors

Next, the association of TRBV restriction to clinical
factors was investigated. By Spearman correlation
analysis, it was found that age correlated positively with
the number of mono/oligoclonal TRBV families
(r=0.51, P=0.022). Time since last purine analog
therapy correlated with number of polyclonal families
(r=0.46, P=0.040). In contrast, time since last course of
BL22 (all |r|<0.15, P>0.65) and number of cycles of
BL22 (all |r|<0.25, P>0.35) were not correlated to
TRBV PCR results. Thus, purine analog therapy and
age but not BL22 therapy were associated with TRBV
restriction.

TRBV CDR3 spectratyping in sorted T-cell populations

To further explore whether the mono/oligoclonal CDR3
patterns shown in Fig. 4a were originating from cells
consistent with CTLs or from a different type of T-cell,
PBMCs were sorted by magnetic beads into CD4+ and
CD8+ populations before producing material for PCR.
As shown in Fig. 4b, in each of three patients tested,
peaks from CD8+ T-cells had much more restriction
than did peaks from CD4+ T-cells. Since other markers
of CTLs (CD56 and CD57) were present on CD8+ cells
but not on CD4+ cells in these patients (data not
shown), these data confirm that CTLs were the source
for T-cell restriction in these patients.

Relationships between restriction and flow cytometry
data

As shown in Table 3 and Fig. 5, there was a moderately
strong correlation between percent (%) CD3+/CD57+
and the number of mono/oligoclonal TRBV families per
patient (Fig. 5a, r=0.53, P=0.016). There was a mod-
erate inverse correlation between percent (%) CD3+/
CD57+ and the number of polyclonal families (Fig. 5b,
r=�0.51, P=0.023). The average number of peaks per
family, which has been used previously as an index of
monoclonality [40], varied from 3.21 to 8.05 (Table 3),
correlating inversely with percent (%) CD3+/CD57+
(Fig. 5c, r=�0.42, P=0.067). Overall, the HCL patients

Fig. 3 Changes in T-cells after treatment with BL22. Median T-cell
concentrations (cells/mm3) quantified by flow cytometry in the
peripheral blood. Mean ± SD (range) values were 862±1,236 (54–
5,328) prior to BL22 (n=21), and 287±432 (120–1,897) at
1 month± 10 days (n=20), 259±306 (119–1,064) at 2 month-
s± 15 days (n=20), 509±615 (19–2,125) at 4 months ± 20 days
(n=16), 371±493 (116–2,062) at 6 months ± 30 days (n=19),
644±1,040 (140–4,847) at 1 year ± 60 days (n=20), 458±714
(265–3,379) at 1.5 years ± 75 days (n=18), and 388±505 (29–
1,882) at 2 years ± 90 days (n=15) after beginning BL22. The
horizontal dashed line indicates the lower limits of normal
(650 cells/mm3)
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Fig. 4 CDR3 length polymorphisms. a Patients with restricted and polyclonal T-cell receptor gamma (TCRG), and control donors. b
CDR3 spectratyping was repeated from T-cells sorted either by CD4 or CD8 positive selection
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evaluated for TRBV CDR3 (n=20) had much lower
total expression from polyclonal TRBV families com-
pared to controls (n=8) (Fig. 5d, P<0.0001). No
moderately strong correlations were observed between
mono/oligoclonality and CD56, CD8, or CD4 (all
|r|<0.35, P>0.10).

Discussion

Previous TRBV studies in two to seven HCL patients
reported TRBV skewing [29–31, 41]. In the present
manuscript, we studied enough patients to investigate
quantitative relationships between flow cytometry data
and restriction in the TRBV repertoire. We found that
the percent of T-cells positive for CD57 was moderately
strongly correlated with both TCRG and TRBV
restriction. Sorting experiments confirmed that the
restriction was from the CD8+ CTLs and not from
CD4+ T-cells. Our data is able to show for the first time
that patients with increased CTLs had loss of polyclo-
nality, worse with more recent purine analog therapy,
but not BL22 immunotoxin therapy.

We found that CD3+/CD57+ T-lymphocyte per-
centage correlated with more restricted and fewer poly-
clonal TRBV families, and that fewer polyclonal TRBV
families correlated with recent purine analog but not
with BL22 therapy. Correlations were not as strong for
the percent of T-cells positive for CD56, CD8, or CD4
and restriction. Although clonally skewed T-cells in
HCL have been observed in some cases to be CD4+ [28,
29], CTLs are generally CD8+/CD4-. The lack of cor-
relation with CD56 is probably because a lower per-
centage of CTLs are CD56+ than CD57+. Finally,
CD8 is a marker expressed by many types of T-cells not
classified as CTLs [42]. We used the % of T-cells which
were CD3+/CD57+ rather than the % of total lym-
phocytes so the results would not be distorted by

patients with high numbers of circulating malignant
lymphocytes.

Monoclonal and oligoclonal expansion have been
reported for T-cells in patients with other malignancies
[43–45]. In CLL, myeloma, and chronic myelogenous
leukemia, oligoclonally expanded CTLs have been re-
ported to be directed against autologous tumor anti-
gens [43, 46, 47]. After allogeneic stem cell transplant,
a low number of TRBV CDR3 peaks/family (restric-
tion) correlated with the development of chronic graft
vs host disease [40]. We originally speculated that
elevations of CTLs in HCL may reflect an immune
response to the tumor, since in several cases CTLs
increased during follow-up [34]. The more recent study
[31] showed that the CTLs in two HCL patients were
not autoreactive. Our data show a substantial decrease
in polyclonality with TRBV restriction, which suggests
such patients may have more limited cell-mediated
immunity.

Either cladribine or pentostatin can induce profound
T-cell toxicity with reductions in CD4+ lymphocytes
until a median of 4 years [13, 17, 18]. Reductions in
CD8+ lymphocytes are significant but less prolonged.
Median nadirs after cladribine of 139/ll and 92/ll for
CD4 and CD8+ lymphocytes have been reported [17].
It is likely that purine analogs, particularly with re-
peated courses, may eliminate normal T-cell clones and
exacerbate restriction in the T-cell repertoire. In the
future, it may be advantageous to use biologic thera-
pies like BL22 as front line therapy for HCL due to
their lack of T-cell toxicity. However, at the current
time, BL22 is being tested only in patients who are
resistant to purine analogs. Currently, there are no firm
guidelines for when to retreat HCL patients with pur-
ine analogs rather than T-cell sparing biologic agents.
It is possible that mono/oligoclonal skewing of the
T-cell repertoire, as easily measured by CD3+/CD57+
percentage, could be useful to assess immune damage

Fig. 5 Correlations and
comparisons using percents of
T-cells positive for CD57. The
number of mono/oligoclonal
(filled circle) and polyclonal
(open circle) TRBV families/
patient are shown in (a) and (b).
c Average number of peaks per
TRBV family (TRBV
complexity score) (filled
triangle). Total TRBV
expression (open triangle) in
polyclonal CDR3 families is
shown in (d), contrasting
patients (n=20) with normal
(controls n=8), P<0.0001 for
the difference. Coefficients and
P-values in the text are from
Spearman correlations, while
the lines in the figures show
simple linear regression of the
actual data
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due to prior purine analog therapy. Relationships of
these measures to infectious morbidity and mortality
will require analysis of several-fold higher numbers of
patients. Over the next several years, we anticipate that
a high percentage of HCL patients pretreated with
purine analogs will receive anti-CD22 immunotoxin
and/or ritixumab. To determine when these T-cell
sparing agents should be used instead of repeat courses
of purine analog for relapsed HCL, it may be useful to
follow patients carefully for markers of immune func-
tion, and our data suggest that the percent of CD57+/
CD3+ T-cells could be a useful marker.
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