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Background and Objectives. The lymphocytic variant of hypereosinophilic syndrome (LV-
HES) is an underrated disease defined by the monoclonal proliferation of interleukin-5
secreting T-cells. This disease is distinguished by a period of chronic lymphoprolifera-
tion without clinical transformation, which is frequently a precursor to T-cell lymphoma.
In this study, LV-HES was used as a model of pre-malignancy to identify specific mark-
er(s) predictive of the potential for malignant transformation.

Design and Methods. The karyotypic abnormalities detected in the abnormal CD3CD4*
T cells were further characterized by fluorescent in situ hybridization. A multi-step ret-
rospective analysis was performed on successive blood samples during a six-year fol-
low up to correlate the evolution of cytogenetic changes with clinical progression.
Expression array analysis was used to investigate the effect of these chromosomal
aberrations on gene expression.

Results. A 6q deletion was detected in the two LV-HES patients during their chronic dis-
ease phase. An additional 10p deletion was found alone or in association with the 6q
defect in one patient prior to the development of a CD3CD4* T-cell lymphoma six years
after diagnosis. We show that the 6q but not the 10p deletion is both stable and per-
sistent throughout the chronic disease, finally emerging as the predominant aberration
in the lymphoma cells. Six genes mapped to the 6g-deleted region displayed altered
gene expression profiles both in the chronic and malignant disease phases.

Interpretations and Conclusions. Our data suggest that the 6q deletion represents an

early cytogenetic marker for T-cell transformation.
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ytogenetic analysis recurrently
‘ detects a 6q deletion in lymphoid
malignancies, including both T-
and B-cell acute lymphoblastic leukemia
(ALL)"” and non-Hodgkin’s lymphoma
(NHL).** Interestingly, this abnormality
has rarely been reported in myeloid
leukemia.® A variety of solid tumors such
as melanoma,” breast carcinoma® and
prostate cancer® have also been shown to
exhibit the same defect. The recurrence of
a 6q deletion in cancer strongly suggests
that this region contains an unidentified
tumor-suppressor gene(s) and therefore
merits further investigation for its role in
the malignant process. This hypothesis is
supported by studies showing that
tumorigenicity can be suppressed by
introducing all or part of a normal chro-
mosome 6 into immortalized fibroblasts,
ovarian or breast cancer cell lines."™"
The idiopathic hypereosinophilic syn-
drome (HES) is a heterogeneous group of
diseases defined by a persistent blood

hypereosinophilia of unknown etiology
leading to tissue damage.” Two distinct
types of HES have emerged from this
pathologic group: the myeloid variant
related to chronic eosinophilic leukemia™
and the lymphocytic variant of hypere-
osinophilic syndrome (LV-HES). The latter
is characterized by a monoclonal expan-
sion of peripheral helper T cells over-
expressing Th2-type cytokines, including
interleukin (IL)-4 and IL-5, the likely cause
of the hypereosinophilia i vivo."* The
monoclonal T cells are often distinguished
by an aberrant surface immunopheno-
type, which is most frequently either
CD3 CD4'CDg "= or  CD3'CD4
CD8.*" Disease progression is usually
characterized by a long chronic phase
associated with cutaneous manifestations
and a favorable prognosis. However, some
LV-HES patients subsequently develop a
T-cell lymphoma originating from the
same abnormal T-cell clone. This suggests
that these cells possess a potent pre-malig-
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nant nature early in the disease process."** A prog-
nostic marker for the malignant potential of these
abnormal T cells has not yet been identified, but
cytogenetic analysis is a powerful tool routinely used
for the diagnosis and prediction of prognosis in
malignant hematologic disorders. We therefore initi-
ated a retrospective analysis of the progressive chro-
mosomal aberrations present in the CD3 CD4* T-cell
clones from two LV-HES patients (initial case reports
previously described).”” A 6q deletion was detected
early and persisted throughout the chronic disease
phase in both individuals, emerging as the predomi-
nant genetic anomaly in one patient in concert with
progression of her disease to T-cell lymphoma. Gene
expression array analysis was employed to investi-
gate the impact of this deletion on the expression of
6q located genes, and six of the 88 genes examined
were found to be consistently downmodulated in the
CD3CD4" T cells from both patients.

Design and Methods

Patients

The initial clinical presentation of patients 1 and 2
has been previously described” where they are also
indicated as P1 and P2, respectively. Briefly, at initial
diagnosis patient #1 (a 20-year old female) exhibited
severe cutaneous manifestations (eczema, pruritis,
tenosynovitis of the right ankle). The circulating
leukocyte count was 16.9x10°/L with 8.92x10°/L
eosinophils and 4.63x10°/L lymphocytes, including
3.45x10°/L CD3'CD4" T cells. A four-year follow-up
was marked by episodes of severe eczema treated
with corticosteroids and/or interferon (IFN)-a. Four
years after diagnosis, her circulating leukocyte count
had reached 26.2x10°/L, with 17.08x10°/L eosinophils
and 6.32x10°/L lymphocytes, including 4.80x10°/L
CD3CD4* T cells, and the clinical manifestations had
worsened. Six cycles of fludarabine were adminis-
tered, after which she achieved clinical remission for a
few months characterized by a steadily declining
number of aberrant T cells in the peripheral blood.
The circulating leukocyte count was 1.2x10°/L, includ-
ing 0.2x10°/L eosinophils and 0.38x10°/L lymphocytes
(0.1x10°/L CD3CD4* T-cells). However, six years
after the initial diagnosis, the patient relapsed.
Enlarged lymph nodes were detected in the pre-auric-
ular, cervical, and inguinal regions, and a histological
diagnosis of peripheral diffuse T lymphoma of small
to medium lymphocytes, type 4 (Class II, REAL/peri-
pheral T lymphoma, WHO) was established. The
leukocyte count was 15.1x10°/L, with 8.61x10°/L eo-
sinophils and 4.0x10°/L lymphocytes, including
2.93x10°/L CD3CD4" T cells. After a six-month
course of CHOP-like chemotherapy, and, although
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lymph node size decreased, CD3CD4" T cells
remained detectable and hypereosinophilia persisted.
Three months later the patient was successfully treat-
ed by allogeneic stem cell transplantation from a fam-
ily donor and is currently in complete remission.

At initial diagnosis patient 2 (a 21-year old female)
exhibited cutaneous symptoms. The total leukocyte
count was 14.8x10%/L, including 9.1x10°/L eosinophils
and 3.42x10%/L lymphocytes (2.47x10°/L CD3-CD4'T
cells). A four-year follow-up on continuous low-dose
corticosteroid therapy has been characterized by
remission of symptoms, decreased eosinophilia
(0.6x10°/L) and a significant decrease in the CD3 CD4*
T cell population to 0.09x10°/L (leukocyte count was
7.2x10°/L, including 0.66x10°/L eosinophils and
1.42x10°/L lymphocytes).

Cell purification

Circulating leukocytes were obtained from patients
and from healthy female donors (25-30 years old)
either by venipuncture in 60-mL heparinized syringes
or by cytapheresis. Peripheral blood mononuclear cells
(PBMC) were isolated and either used for immediate
processing or frozen as described.” If necessary, PBMC
were thawed and cultured overnight in supplemented
RPMI 1640 without stimulation. The next morning,
the CD2*CD3"CD4* and CD2*CD3*CD4* T-cell popu-
lations were purified by flow cytometry on a
Beckman-Coulter Elite. PBMC were resuspended in
RPMI 1640 without phenol red supplemented with
5% decomplemented fetal bovine serum and labeled
with fluorescein-isothiocyanate (FITC)-coupled anti-
CD2 monoclonal antibody (Moab) (Clone Leu-5b, BD
Biosciences), phycoerythrin (PE)-coupled anti-CD4
Moab (Clone 13B8.2, Beckman Coulter) and phycoery-
thrin-cyanin5 (PC5)-coupled anti-CD3 Moab (Clone
UCHT1, Beckman Coulter). The purity of sorted T-cell
populations was analyzed on a FACS Calibur (BD).
Moreover, the abnormal CD3 CD4* and normal
CD3'CD4" T-cells were also purified by magnetic
beads. The CD4* T cells were first isolated from PBMC
by column depletion using the MACS CD4* T-cell iso-
lation kit according to manufacturer’s instructions
(Miltenyi Biotech, Bergisch Gladbach, Germany). The
isolated CD4" T cells were then labeled with anti-CD3
Moab coupled magnetic microbeads (Miltenyi Biotec)
and the CD3CD4" and CD3*CD4* T-cell populations
were differentially separated on a magnetic column
(Miltenyi Biotec). The purity of these T-cell popula-
tions was checked, as described above.

Metaphase cells, preparation of nuclei and
karyotyping

Metaphase cells were prepared from fresh peripher-
al blood samples or T-cell cultures for standard kary-
otyping” by stimulating them for 72 hours with 20



ug/mL phytohemagglutinin (PHA; Life Technologies,
Merelbeke, Belgium) and/or 100U/mL recombinant
human IL-2 (Cetus Corp., Emeryville, CA, USA). The
metaphase cells used in the FISH experiments were
obtained from thawed PBMC that were subsequently
stimulated for 5 days with a combination of recombi-
nant human IL-2 (100U/mL), anti-CD28 antibody (1
ug/mL; Clone 28.2, Immunotech) and phorbol-12-
myristate-13-acetate (PMA; Ing/mlL; Calbiochem,
Leuven, Belgium) and were stopped in metaphase by
adding colcemid (25 ng/mlL; Life Technologies). The
nuclei for interphase FISH were obtained either from
unstimulated thawed PBMC or from sorted T-cell pop-
ulations, as described above.

PAC (P1 derived artificial chromosome) and BAC
(bacterial artificial chromosome)

All PAC and BAC clones were selected in the
Sequence Maps from the National Center for
Biotechnology Information (NCBI) and purchased
from the Children’s Hospital Oakland (available at
URL http://www.chori.org/bacpac). The chromosome 6-
located PAC clones included: RP1-22117 (at 6q12),
RP1-91B17 (at 6q12), RP1-104A17 (at 6q13), RP3-
424116 (at 6q13), RP1-234P15 (at 6q14.1), RP3-429G5
(at 6q21), RP1-238]17 (at 6q22.1), RP1-136014 (at
6q22.1), RP3-412I7 (at 6qg22.1), RP1-193N13 (at
6q22.31) and RP1-293L8 (at 6q22.32). An additional
RP3-324N14 PAC clone (at 6g23.1) was kindly pro-
vided by Frédéric Chibon (Institut Curie, Paris,
France). The chromosome 10-located BAC clones
included: RP11-462L8 (at 10p11.22), RP11-271M1 (at
10p13), RP11-2K17 (at 10p13), RP11-398C13 (at
10p18) and RP11-20]15 (at 10g11.21). The clones
were grown and the DNA isolated using standard
molecular biology techniques. The identities of PAC
and BAC clones were verified using FISH to examine
the correct chromosomal location or by DNA
sequencing and matching to the sequences in the
NCBI database.

Fluorescence in situ hybridization

FISH experiments were performed using previously
described protocols.” Briefly, PAC/BAC and a-satel-
lite centromeric plasmid D6Z1 and D10Z1, specific
for centromeres of chromosomes 6 and 10 (kindly
provided by Pr A. Hagemeijer, KUL) were labeled
with either tetramethylrhodamine-5-dUTP or fluores-
cein-12-dUTP (Roche Applied Science, Mannheim,
Germany) by nick-translation. The labeled probes
were denatured in hybridization buffer containing
ultrapure formamide (Life Technologies) and
PAC/BAC probes were pre-hybridized for 30 min-
utes. Hybridization was carried out on RNase-treated
nuclei or mitotic slides using 50 ng/uL of PAC/BAC
and, if necessary, 4 ng/uL of centromeric probes and
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hybridization was processed in a moist chamber
overnight at 37°C. After a post-hybridization wash car-
ried out at 30°C for 2 minutes in a 0.4x SSC bath, the
slides were counterstained with 4,6-diamidino-2-
phenylindole dihydrochloride (DAPI) in an anti-fade
solution (Vectashield, Vector Laboratories, Burlingame,
CA, USA). Hybridized slides were examined using
either a DMRB microscope (Leica) or an axioplan 2
microscope (Zeiss) and images were captured using a
Photometrics camera and processed by SmartCapture
software (Digital Scientific, UK).

In addition, successive dual color FISH hybridiza-
tion/slide washing cycles of mitotic slides were car-
ried out as described in* with an additional wash in
Carnoy’s solution for 2 minutes before the hybridiza-
tion.

In interphase FISH experiments, only dual-color
FISH was performed using a FITC-labeled specific
PAC/BAC probe with a rhodamine-labeled cen-
tromeric probe (either D6Z1 or D10Z1, according to
the 6q- or 10p-specific probe, respectively) as an
internal control for disomy. The interphase FISH
results were obtained by counting >500 intact nuclei
per patient slide. The cut-off level for each probe was
determined by scoring 200 intact nuclei prepared
from PBMC and CD3*CD4* T cells purified from five
healthy donors used to set the baseline based on the
mean plus three standard deviations. The thresholds
of detection on unsorted nuclei were 4% for RP1-
234P15, RP1-238]17 and RP3-424L16, 5% for RP1-
91B17, RP1-136014, RP3-41217, RP3-429G5 and
RP11-462L8 and 7% for RP1-193N13. The thresholds
of detection on sorted cells were 6% for RP11-462L8,
7% for RP1-193N13, 8% for RP1-91B17 and 9% for
RP3-429GS5.

RNA purification

Total RNA was isolated from sorted T cells using
TriPure Isolation Reagent (Roche Applied Science) in
a single-step extraction method.” The quality of the
RNA was assessed using the Agilent Capiler system.
If required, samples of equal amounts of total RNA
were pooled.

Oligonucleotide microarray

Total RNA (2-3 ug) was labeled using the BioArray
High Yield RNA Transcript Labeling Kit (Enzo
Biochem, New York, NY, USA) following the manu-
facturer’s standard procedures (Affymetrix, Santa
Clara, CA, USA). The labeled cRNA were hybridized
on test3arrays (Affymetrix) to ensure the quality of
the probes. The probes were recovered and
hybridized on U133A Genechips, containing 22,263
probe sets. The hybridization, washing, staining and
scanning of the array slides were performed accord-
ing to standard protocols (Affymetrix). Gene expres-
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sion values from the CEL files were normalized using
RMA.® Biological replicate experiments were per-
formed for each purified T-cell population. The data
were interpreted by sorting for robust changes in
pair-wise comparisons as described in the GeneChip
expression analysis manuals (Affymetrix).

Reverse transcription and quantitative real-time PCR
(RQ-PCR)

Standard reverse transcription was performed
using 200 ng-1 ug of total RNA, random hexanu-
cleotides (50 uM final concentration, Amersham
Pharmacia, Freiburg, Germany), MMLV reverse tran-
scriptase (100 U, Promega, Leiden, The Netherlands)
and RNase inhibitor (20 U, Promega). After denatur-
ing the RNA, the RT-PCR reaction was performed for
45 minutes at 42°C followed by an enzyme-inactiva-
tion step. Next, 25 ng of cDNA were subjected to a
real-time PCR reaction using 2x SYBR Green PCR
Master Mix (Applied Biosystems, Lennik, Belgium)
and 0.32 pM each of the gene-specific forward and
reverse primers (Life Technologies). The following
primers were designed using the Primer Expression
1.0 program (Applied Biosystems):

FOX03A/ex3-F: 5-CATGGGCCATGAGAAGTTCC-3'
FOX03A/ex3-R: 5'-CATGTCACATTCCAAGCTCCC-3'
FOXO03A/ex4-F: 5" TGCATAGGCAAAAGGAGTGGA-3'
FOX03A/ex4-R: 5'-GATCACCCTGACTCAGAACCG-3'
CEORF37-F: 5-ACTGCAATGTGCTGAACTGGG-3’
CBORF37-R: 5"-TGAATCGGAATGGTCTCGCT-3'
PA26-F: 5'-CCTCGACCACTAGGACAGGG-3'

PA26-R: 5"-GTGCGTCTTCACTCCCCACT-3'
MARCKS-F: 5'-CCACAGATCCCATCTCAAATCAT-3'
MARCKS-R: 5"-AGAGAAACAAGGCAGAGGAAGAAG-3'
CD164-F: 5'TTGACTGAGCGTTGCGAGC-3'
CD164-R: 5™-AGAGCCGCGACATCGIGT-3'
HMGN3-F: 5-CCAAAGTAACTAAACAGGAGCCCA-3'
HMGN3-R: 5"-GTTCAGGTTTTGGTGGAGCAG-3'
ORC3L-F: 5"TCAGTGCTGCCCATGCC-3' x
ORC3L-R: 5-AAGGATTGTTGAGTGCAGTATGGA-3’
SUSP1-F: 5"-TTTCTTCAAGCAATTCCAGCAGT-3'
SUSP1-R: 5'-CCTTTACAATCATTCCAAACTTTATCC-3'
PROL2-F: 5'-GCCTGAGAAGTGGAGATTGCA-3’
PROL2-R: 5"-TGAGACAGCGTCTGTTACCCAG-3’
BACH2-F: 5™-CAGCAATACTGTTCCGAAGTATCCT-3'
BACH2-R: 5-GTGTCATCACTGCTGTCTTTCCTT-3'
C60RF162-F: 5-AAACAAAGCCTAGCCCTACGGT-3'
C6ORF162-R: 5-CGGGCCAGGTGCCAG-3'

The ABL gene was used as an endogenous con-
trol.”? Standard real-time PCR was performed on an
ABI Prism 7900 HT (Applied Biosystems).
Dissociation curves were verified and the PCR prod-
ucts were visualized on 1.5% agarose gel to ensure
the specificity of the PCR reaction. The amplified
fragments were then isolated using the QlAquick Gel
Extraction kit (Qiagen) and a series of dilutions were
prepared to generate the standard curves for repro-
ducibility and efficiency of the reactions. All real-
time PCR reactions were processed in duplicate and
differences of more than 1 Ct were rejected. The
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comparative Ct method was applied for data analy-
sis. For all tested genes, biological duplicates were
performed, with a third biological replicate analyzed
for the C6ORF37, HMGN3, MARCKS, PA26, RAGD
and SUSP1 genes.

Results

T-cell receptor rearrangements

Samples from both patients were examined annu-
ally for rearrangement of their T-cell receptor (TCR)
y chain gene (TCRG)by PCR. A clonal TCRG
rearrangement was routinely detected in both whole
blood and isolated CD3 CD4" T cells from patients 1
and 2 (P1 and P2). The aberrant mature T-cell pheno-
type and cytokine profile associated with the
CD3CD4* T-cell clone in both patients” (Willard-
Gallo et al., submitted to Expy Hematol) led us to analyze
the TCRB locus. Using IL-2-dependent CD3CD4* T-
cell lines derived from P1 at diagnosis (Willard-Gallo
et al., submitted to Exp Hematol), we established that
these cells had a clonally rearranged TCRB gene using
Southern blotting (Figure 1). On the basis of our
results with the cell lines, we examined sequential
whole blood samples from both patients and found
that TCRB gene rearrangements became detectable
three years after diagnosis for P1 (Figure 1) and two
years after diagnosis for P2 (data not shown). The
clonal TCRB rearrangement detected in the blood of
P1 was identical to that found in the P1-derived
CD3CD4* T-cell lines, indicating that the cells
grown in vitro accurately reflected the abnormal
CD3CD4" T cells present in vivo. The presence of a
completely rearranged TCRB gene in conjunction
with the phenotype and cytokine profile of the
CD3CD4" T cells indicates the abnormal clone was
derived from a mature T cell.

Karyotype of the CD3-CD4" T--cells from patient #1
The abnormal surface phenotype and cytokine
profiles characteristic of the CD3'CD4" T cells were
not reflected by an aberrant cellular morphology in
either P1 or P2. We therefore examined these cells for
potential cytogenetic abnormalities. At initial diagno-
sis, fresh blood cells from patient #1 appeared to be
normal by conventional karyotyping (G-banding, 72-
hour PHA stimulation). Once again we stimulated
the cell line from patient #1 using IL-2, and although
these cultured lines (100% CD3CD4") contained
some cells with a normal karyotype, the large major-
ity had abnormalities easily detected by convention-
al karyotyping. The most frequent aberration identi-
fied was a 6q deletion, present either as a unique
abnormality (the 6q subclone) or in association with
a 10p deletion (the 6q10p™ subclone), with an addi-
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Figure 1. TCRB gene clonality. Southern blot analysis of the TCRB
gene: lane 1, a peripheral blood sample from a healthy control;
lane 2, long-term cultures of CD3-CD4* T cells from P1 and lane
3, a peripheral blood sample from P1. The germline (G) configu-
ration only is detected in the control, whereas in P1's samples an
additional rearranged (R) band is present. DNA was digested with
EcoRI and hybridized with a JB2 specific probe as described.”

tional subclone possessing the 10p abnormality alone
(the 10p™ subclone) (Figure 2). The same cytogeneti-
cally abnormal subclones were eventually found to
be present in fresh blood from patient #1, but again
not until three years after initial diagnosis despite
routine annual karyotyping. This suggests that the 6q
and 10p abnormalities were not an artifact of in vitro
cell culture, but instead were undetectable by the
standard assays used in routine clinical analysis.
Using PHA and IL-2 to stimulate these cells enabled
us to consistently detect the presence of the abnor-
malities in the patient’s blood except on a single
occasion that was concurrent with fludarabine-
induced remission. The TCRB and karyotypic analy-
ses demonstrate the usefulness of in vitro cell culture
as a means of expanding and examining abnormal
cell clones that either have a low proliferative capac-
ity or are present at low frequency in the early stages
of a given disease.

Karyotype of the CD3-CD4" T cells from patient 2
The analysis of fresh blood cells from P2 at initial
diagnosis once again revealed only a normal kary-
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Patients Karyotypes of clones Chromosomes
and subclones 6 10
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del(6)(q13q22),inc [1]

Figure 2. The G-banded karyotypes from P1 and P2 in long-term
cultures. The karyotypes obtained from long-term cultures (100%
pure CD3-CD4* T cells) of blood samples drawn at initial diagno-
sis from P1 and P2. Chromosomes 6 and 10, representative of
each clone and subclone, are also shown.

otype, but after in vitro growth using the same condi-
tions as for P1 (Willard-Gallo et al., submitted to Exp
Hematol), an interstitial 6q deletion was detected in
one incomplete metaphase cell (Figure 2). No addi-
tional metaphase cells carrying a loss of 6q were
detectable in the routine annual analysis of this
patient’s fresh blood; however, the presence of a
clonal 6q deletion was confirmed by interphase FISH
using a 6g21-located PAC probe (RP3-429G5) on the
CD3CD4" T cells purified from the patient’s frozen
blood drawn at diagnosis (Figure 3). Enrichment of
the abnormal T-cell population was essential for the
success of these experiments due to the low percent-
age of CD3CD4" T cells and/or 6q subclones in
blood from P2. In contrast to P1, we did not detect a
loss of 10p in the CD3CD4" T cells from P2 (data not
shown). These experiments show that at initial diag-
nosis the CD3'CD4* T cells from both patients con-
tained a 6q~ subclone and suggest that a 6q abnormal-
ity might be a recurrent abnormality in LV-HES.

Breakpoints of the 6q and 10p deletions detected in
the CD3-CD4" T cells

Using a panel of 6q and 10p-specific PAC and BAC
probes (Table 1), the chromosomal breakpoints of
the previously detected aberrations were mapped by
FISH on metaphase cells from P1 and nuclei from P2.
Representative metaphase cells from the 6q, 10p-
and 6q10p™ subclones in stimulated PBMC from P1
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RP3-429G5

are shown in Figure 4. In the 6q subclone, the 6q
deletion breakpoints were assigned between band
6q13 (RP1-104A17) and band 6q22.1 (RP1-136014)
(Figure 4A and Table 1A). In the 10p™ subclone, the
interstitial deletion was delineated from band
10p11.1 (D10Z1*") to band 10p13 (RP11-2K174)
(Figure 4B and Table Ib). The location of the 10p13
breakpoint within the RP11-2K17 probe was con-
firmed using a set of two overlapping BAC probes
(Table 1B). In the 6q 10p™ subclone, the breakpoints
of the 10p deletion are identical to the deletion
observed in the 10p™ subclone (Figure 4C and Table
1B). On the other hand, the 6q deletion in the 6q710p
subclone, delineated from band 6q11.1 (D6Z1) to
band 6¢23.1 (RP3-324N14), is larger than in the 6q
subclone (Figure 4C and Table 1A). These results sug-
gest that the 6q710p™ subclone was derived from the
10p™ subclone and not the 6q” subclone, and demon-
strate that not only was there heterogeneity in the 6q
deletion but that these deletions arose independent-
ly. In P2, the 6q deletion was defined from band 6q13
(RP3-424L16) to band 6q22.1 (RP3-41217) by inter-
phase FISH analysis of the enriched CD3CD4" T
cells (Table 1A). Thus, the three distinct 6q deletions
(Table 1A) identify a commonly deleted region lying
between 6ql4.1 (RP1-234P15) and 6g22.1 (RP1-
238]17). This shared deleted region contains approx-
imately 164 genes and is 40Mbp long.

The relationship between cytogenetic changes and
the clinical evolution of P1 and P2

The percentage of cells containing the 6q and/or
10p deletion was investigated by interphase FISH on
successive blood samples taken at different stages of
each patient’s disease (Table 2). Blood samples from
P1 were tested at diagnosis [P1-yr.0], during the
chronic phase controlled by corticotherapy [P1-yr.4]
and coincident with the detection of a CD3'CD4* T
cell lymphoma [P1-yr.6]. Blood samples from P2
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Figure 3. Clonality of the 6q
deletion in CD3CD4* T cells
from P2. Interphase dual-color
FISH on uncultured CD3-CD4* T
cells from P2 purified by flow
cytometry (98% pure) from
blood at initial diagnosis. Co-
hybridization of the FITC-labeled
RP3-429G5 probe (at 6g21) and
the rhodamine-labeled D6Z1
probe (located at the cen-
tromere of chromosome 6 and
used as internal control), show
one green and two red hybridiza-
tion signals corresponding to
25% of 6q21-deleted nuclei
(green arrows).

Table 1A. Breakpoint delineation of the 6q deletions in P1 and P2
and identification of the shared minimal deletion.

6q located  Chromosome P1 6q¢- P1 6g-10p- P2 6q-
PAC probes location subclone subclone subclone®
D671 Centr 6 o ([ ([
RP1-22117 6q12 ([ O ND
RP1-91B17 6q12 [ J O ND
RP1-104A17 6q13 ([ O ND
RP3-424116 6q13 O O [ J
RP1-234P15  6ql4.1 O O O
RP3-429G5 6q21 O O O
RP1-238)17 6g22.1 O O O
RP1-136014  6¢22.1 o O O
RP3-41217 6g22.1 ND ND (
RP1-193N13  622.31 [ J O ND
RP1-293L8 6022.32 ([ O ND
RP3-324N14  623.1 o ([ ND
del(6) del(6) del(6)
(913g22.1)  (q11.1g23.1)  (q13g22.1)

@ no deletion; O deletion; ND: not done; boxed area: region of minimal
deletion. “The 6q deletion from P2 was delineated by interphase FISH on nuclei
from an enviched CD3 CD4" T-cell population.

Table 1B. Breakpoint delineation of the 10p deletion in P1.

10p located Chromosome P1 10p and 6q°10p

BAC probes location subclones

RP11-398(13° 10p13 ([

RP11-2K17° 10p13

RP11-271M1° 10p13 O

RP11-462L8 10p11.22 O

D10Z1 Cent 10

RP11-20J15 10q11.21 o
del(10)(p11.1p13)

@ 1o deletion; O deletion;
contiguous.

reduced probe signal. “These BAC clones are

were investigated at diagnosis [P2-yr.0] and after four
years of stable clinical remission on corticotherapy
(chronic phase) [P2-yr.4]. The CD3CD4* and
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CD3*CD4" T cells from each patient were enriched
to greater than 96% purity by flow cytometry prior
to assessing the frequency of chromosomal abnor-
malities in the patients’ normal and abnormal T-cell
populations. This detailed analysis confirmed that
the normal CD3'CD4* T cells from both patients
lacked even a small 6q21 or 10p11.22 deletion. In the
CD3CD4" T-cells from P1, the percentage of 6q21-
deleted cells, representing both 6q~ subsets (the small
and large deletions; Table 1A), consistently increased
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Figure 4. Characterization of the P1 sub-
clones using metaphase FISH. The 6q and
10p deletions in the 6q- subclone (A), 10p:
subclone (B) and 6q10p- subclone (C)
were delineated using metaphase FISH on
PMBC stimulated with IL-2, PMA and anti-
CD28. A representative pseudo-G-banded
metaphase cell and dual-color FISH of
DAPI-stained chromosomes 6 and 10 are
shown for each subclone. Probes are indi-
cated in each image (text color correspon-
ding to the FISH detection color) along
with the signal detected (+ means
retained probe signal; - means lost probe
signal; dim means diminished probe sig-
nal). The 6913g22.1 deletion (small) is
observed in the 6q- subclone (A): the 6913
breakpoint is detected by the presence of
the RP1-104A17 signal and the absence
of the RP3-424L16 signal; the 6q22.1
breakpoint is defined by the presence of
the RP1-136014 signal and the absence
of the RP1-238J17 signal. The
10p11.1p13 deletion is identically detect-
ed in the 10p- subclone (B) and in the
6q-10p- subclone (C) by the co-localization
of RP11-2K17 (10p13) and D10Z1
(10p11.1) signals. The 6q11.1923.1 dele-
tion (long) is observed in the 6q-10p- sub-
clone (C): the 6qi11.1 breakpoint is
defined by the presence of the D6Z1 sig-
nal (6q11.1) and the absence of the RP1-
22117 signal (6q12); the 6923.1 break-
point is defined by the presence of the
RP3-424N14 signal (6923.1) and the
absence of the RP1-293L8 signal
(6922.32).

throughout clinical disease progression, peaking at
91% co-incident with the T-cell [ymphoma (Table 2).
In contrast, the percentage of 6ql2-deleted cells,
which reflect the 6q10p™ subclone only (Table 1A),
decreased in parallel with disease progression until
these cells were undetectable in the blood sample
taken at year 6. Together, these results suggest that
the majority of 6q21-deleted cells detected at the
time of the lymphoma were in fact from the 6q sub-
clone (small 6q deletion). In addition, the percentage
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Table 2. Evolution of the 6q and 10p deleted clones (percent of total CD3-CD4T cells) in successive purified blood samples from P1
and P2.

Probe used Chromosome Subclone(s) % of probe-deleted nuclei in the total CD3-CD4" T-cell population (a)
location represented in the
probe-deleted Chronic phase T-cell lymphoma
population
P1-yr.0 (b) P1-yr.4 P1-yr.6
RP3-429G5 6q21 6q- plus 6q-10p" 77% (53%) 80% (80%) 91% (91%)
RP11-462L8 10p11.22 6q710p™ plus 10p" 54% (37%) 18% (18%) < threshold
RP1-91B17 6q12 6q10p 33% (23%) 16% (16%) < threshold
P2-yr.0 P2-yr.4
RP3-429G5 6q21 6q° 25% (25%) 22% (21%)

(a) The percentage of probe-deleted cells was normalized to the percentage of CD3 CD4" T cells. In brackets: raw percentage of probe-deleted cells in the sample.
(b) This sample was 69% pure CD3 CD4" T cells (not purified because of the limited number of available cells).

of 10p-deleted cells, which include both 10p~ and
6q10p~ subclones, also decreased during disease evo-
lution until they were below the threshold of detec-
tion at year 6. In P2, the percentage of 6q21-deleted
cells in the CD3CD4" T-cell population remained
stable in parallel with this patient’s chronic but treat-
ment-responsive disease (25% to 21%; Table 2).
These studies underline the apparent importance of
the 6q deletion, which was present early and persist-
ed throughout the chronic disease phase in two LV-
HES patients, finally emerging in a single subclone in
parallel with the CD3 CD4* T-cell lymphoma in P1.

Expression analysis of 6q-located genes

Whole-genome oligonucleotide microarrays were
performed on the patients’ samples using HG-U133A
chips (Affymetrix). Genes located in the commonly
deleted 6q14.1-q22.1 region (88 of these genes are
present on the U133A chip) were examined in detail
by comparing purified CD3 CD4* T cells from P1-yr.
6 (6q present in 91% of the CD3"CD4* T-cells) and
P2-yr.0 (6q present in 25% of the CD3 CD4' T cells)
with CD3'CD4" T-cells purified from P2-yr.4 as a
control. Genes whose expression decreased more
than two-fold in the abnormal T cells from P1-yr.6
and P2-yr.0 relative to the control are shown in Table
3. None of the 6g-deleted genes was upregulated in
the abnormal T cells.

These changes in gene expression were confirmed
and quantified using quantitative real-time PCR (RQ-
PCR), employing normal CD3*CD4* T cells purified
from P2-yr.4 blood as well as from a pool of three
healthy donors as controls (Table 3). In general, the
loss of expression detected in the arrays was reflect-
ed as a loss of expression in RQ-PCR, however there
were some discrepancies that are worth mentioning.
In the abnormal T-cells from P1, the microarray
detected a lower expression of exon 3 than exon 4 of
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the FOXO3A gene (Table 3). An alternatively spliced
variant of the FOXO3A gene, FKHRL1P2 lacks exon
4 and is specifically expressed in T-helper cells,” sug-
gesting there could be a specific decrease in this alter-
natively spliced transcript in the cells from P1.
Although both techniques did detect a significant
decrease in FOXO3A gene expression, a specific loss
of FKHRL1P2 expression in the abnormal T cells fom
P1 could not be confirmed by RQ-PCR. The array
experiments did detect a significant decrease in
BACH2 transcripts in the abnormal T cells from P1 as
well as a slight reduction of this transcript in the
abnormal T cells from P2. RQ-PCR analysis con-
firmed that this gene is significantly downmodulated
in both patients’ abnormal T-cells (Table 3). BACH2
has been shown to be expressed in B cells,” and thus
we compared the level of BACH2 expression in nor-
mal CD4* T cells with CD20" B cells (>97 % pure) iso-
lated from healthy donors. Interestingly, RQ-PCR
revealed that while BACH2 transcripts are expressed
in CD4" T-cells, transcript levels are 3-fold lower than
in B cells but 50-fold higher than in P1’s and 7-fold
higher than in P2’s abnormal T-cells (data not shown).

The most interesting conclusion drawn from these
studies is that the genes whose expression was
downregulated in both the microarray and RQ-PCR
analysis of abnormal T cells from P2 (C60ORF37,
BACH2, HMGNS3, PA26, RAGD and MARCKS) also
had the greatest changes in the abnormal T cells from
P1 (Table 3). Furthermore, the greater frequency of
the 6q deletion in CD3 CD4" T cells from P1 (91%)
compared to those from P2 (25%) was associated
with an increase in the number of 6q downmodulat-
ed genes as well as frequently lower levels of expres-
sion. These data suggest that the changes observed in
this subset of 6g-deleted genes can potentially be cor-
related with the abnormal phenotype and/or malig-
nant progression.
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Table 3. Decreased expression fold change of 6q14.1-q22.1 located genes.

GB Acc. No. Gene description Locus Array RQ-PCR RQ-PCR®
P1-yr.6

NM_017633 C60RF37 (chromosome 6 open reading frame 37) 6q14.2 -15.2 -37.6+0.3 -25.4£1.2
NM_021813 BACH2 (BTB and CNC homology 1 basic leucine zipper transcription factor 2) 6q15 -4.8 -16.3+2.2 -17.6+0.5
NM_004242 HMGN3 (high mobility group nucleosomal binding domain 3) 6q14.1 2.8 -5.7+0.4 -8.8+0.4
NM_014454 PA26 (p53 regulated PA26 nuclear protein) 6q21 2.7 -4.70.6 -12.8+1.4
NM_021244 RAGD (Rag D protein) 6q15 -39 -3.8+0.7 -5.1+0.3
NM_002356 MARCKS (myristoylated alanine-rich protein kinase C substrate) 6q21 -39 -2.5£0.5 -0.5+0.3
NM_006016 CD164 (CD164 antigen sialomucin) 6q21 -3.0 -2.5:0.1 -1.8+0.3
NM_015571 SUSP1 (SUMO-1-specific protease) 6q14.1 2.1 -2.2+0.1 -3.5+1.6
NM_006813 PROL2 (proline rich 2) 6q15 2.2 -2.10.7 -1.9+0.1
NM_001455 FOX03A (forkhead box 03A (exon 4))° 6q21 2.3 -2.0£0.1 -2.0£0.5
NM_020425 C60RF162 (DKFZp586E1923) 6q15 2.6 -1.9:0.6 -2.1+0.3
NM_181837 ORC3L (origin recognition complex subunit 3-like (yeast)) 6q15 2.8 -1.840.1 -1.9+0.1
NM_001455 FOX03A (forkhead box 03A (exon 3))° 6q21 -16.0 -1.7:0.1 -1.9+0.1
P2-yr.0

NM_004242 HMGN3 (high mobility group nucleosomal binding domain 3) 6q14.1 -5.0 -12.9+0.6 -20.0£1.3
NM_002356 MARCKS (myristoylated alanine-rich protein kinase C substrate)® 6q21 9.7 -11.5+4.4 -2.5+1.8
NM_017633 C60RF37 (chromosome 6 open reading frame 37) 6q14.2 -39 -10.1+0.5 -6.910.1
NM_014454 PA26 (p53 regulated PA26 nuclear protein) 6q21 2.3 -4.6+0.6 -12.5+1.4
NM_021244 RAGD (Rag D protein) 6q15 21 -4.1+0.2 -4.1£0.9
NM_021813 BACH2 (BTB and CNC homology 1 basic leucine zipper transcription factor 2) 6q15 -1.5 -2.4+0.1 -5.7+0.9

Array: Mean fold change of all probe sets coding for a specific gene in purified CD3 CD4" T cells versus purified CD3'CD4" T cells from P2-yr.4. RQ-PCR: Mean fold
change from two representative and independent experiments analyzed using RQ-PCR on RNA from purified CD3 CD4" T cells versus purified CD3"CD4" T-cells ()
from P2-yr.4 and (*) from a pool of 3 healtlyy donors. () This probe set hybridizes with both FOXO3A and its alternative spliced variant FKHRL1P2 while () this probe
set hybridizes only FOXO3A. (*)Variations between replicate samples suggest the instability of this transcript.

Discussion

This study has provided evidence that a 6q deletion
is recurrent in two LV-HES patients in association with
the monoclonal proliferation of their abnormal
CD3CD4" T cell clones. Chromosomal abnormalities
have been infrequently reported in this discrete patho-
logical entity (summarized in Table 4), because kary-
otyping was either not performed®* or found to be
normal.” However, the importance of detecting recur-
rent chromosomal abnormalities as a diagnostic factor
and/or therapeutic target has been illustrated in other
types of leukemia emerging from HES.” Two major
cytogenetic entities have been identified in chronic
eosinophilic leukemia: translocations involving the
PDGFRB gene at 5q33 and a cryptic deletion at 4q12
giving rise to the FIP1L1-PDGFRA fusion gene are cor-
related with a low rate of transformation to acute
leukemia and significant clinical responsiveness to
tyrosine kinase inhibitors.** Alternatively, abnormali-
ties involving the 8p11 band (resulting in FGFR1 gene
rearrangements) are frequently detected in pluripotent
lymphoid-myeloid stem cells associated with
eosinophilia and T-cell lymphoblastic leukemia and
correlated with rapid blast transformation and a poor
prognosis.* Previously published observations indicat-
ed that the 6q deletion occurs in only 12-40% of
patients with various subtypes of NHL.** In our study,
no unbalanced change on chromosome 6q was detect-

Table 4. Summary of the cytogenetic changes detected in patients
with T-cell-mediated HES.

Study  Sex/  Source of
Age cells

Karyotype

(56)  F/55 PBL* 47 XXadd(1)(q44),del(6)(q?),add(7)(p15),+8,
(9;14)(p21;q11),del(14)(q?)[25]/46,XX [5]
47 XY, +5,i(13q),+der(14)t(1.14)(q23;932),

+15,der(17)t(1;17)(q25,925),-22 [29]/46,XY [19]
46X

M/40  PBL

(15 M/70  BWP

(A7)  M/53  CD3+CD4- 46,XY,-16,+der(16)t(16;?)(q22;?) [10]
(D8
T cells*
(57)  M/20  PBMC*  46XY*T7 [3]
Present F/20 PBMC®  46,XX,del(10)(p11p13)/
study 46,idem,del(6)(q1123)/46,XX
46,XX,del(6)(q13922)()
F/21 PBMC'  del(6)(q1322),inc/46,XX()

“Peripheral blood leukocytes; "bone marrow; ‘purified by cytometry;
“peripheral blood mononuclear cells; ‘the refined breakpoints of these
deletions and percentage of each subclone are described in the text.

ed using interphase FISH to examine the abnormal
CD3 CD4' T cells from four additional LV-HES patients
in our cohort (data not shown). The small number of
individuals studied is not sufficient to definitively
establish the clinical involvement or the prognostic sig-
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2a) del(6)(q13922.1)
generation of the
“6q~ subclone

1) loss of TCR/CD3
expression:
generation of a
46,XX CD3-CD4-
T-cell clone

/\

2h) del(10)(p11.1p13)
generation of the
“10p~ subclone

'

3) del(6)(q11.1923.1):
generation of the
“6q-10p~ subclone

Figure 5. The progressive appearance of phenotypic and genetic
abnormalities during disease evolution in P1.

nificance of the 6q deletion in LV-HES. However, this
aberration has been correlated with distinct biological
and hematologic features in specific subsets of lym-
phoid malignancies, including chronic lymphocytic
leukemia¥ and small lymphocytic NHL.* In addition,
Oftit e al. associated the deletion of specific 6q regions
with different subtypes of NHL, including a 6q21 dele-
tion with high-grade NHL, a 623 deletion with low-
grade NHL without t(14;18) and a 6¢q25-27 deletion
with intermediate grade NHL.* The recurrent 6q dele-
tion reported in various malignancies provided our
rationale for investigating its role in the progressive
evolution of LV-HES. However, the difficulty of obtain-
ing abnormal metaphase cells for karyotyping in low-
grade lymphoproliferative diseases such as LV-HES
likely favors an underestimation of the frequency of
chromosomal aberrations, including the 6q and 10p
deletions. Routine annual karyotyping of our patients
did not detect chromosomal aberrations in blood from
either patient during the early lymphoproliferative dis-
ease phase, making interphase FISH crucial to our
study. In addition, increasing the sensitivity by purify-
ing and/or expanding the abnormal cells in vitro were
effective approaches.

As a model of pre-malignancy, LV-HES provides us
with a unique opportunity to investigate chromoso-
mal abnormalities in the early stages of T-cell lym-
phomagenesis. These patients are frequently diag-
nosed at a chronic lymphoproliferative phase based
on the presence of an aberrant T-cell clone whose
lymphokine expression provokes the hypere-
osinophilia and related cutaneous symptoms.® The
disease provides a rare opportunity for a genetic fol-
low-up of patients from a pre-cancerous stage
through to full-blown malignancy. We propose a
timeline for the progressive appearance of biological
defects in these patients based on the sequence of
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clinical events in P1 (Figure 5). Chromosomal abnor-
malities were detected exclusively in the CD3CD4*T
cells, suggesting that loss of TCR/CD3 surface
expression preceded the acquisition of an abnormal
karyotype in both patients. Subsequent to TCR/CD3
loss, chromosomal abnormalities acquired in P1 fol-
lowed a pathway of both genetic diversion and pro-
gression:  the  del(6)(q18q22.1) and  the
del(10)(p11.1p18) occurred independently in individ-
ual 46, XX CD3 CD4'T cells, giving rise to the 6q” and
the 10p~ subclones, respectively. Next, the
del(6)(q11.1g28.1) occurred in the 10p~ subclone, pro-
ducing a second-generation 6q10p~ subclone. Our
demonstration that the two 6q deletions were
acquired independently underscores the importance
of this aberration for the survival of the pre-malignant
T cells. The coexistence of two 6q deletions of differ-
ent sizes has been previously reported for an adult
ALL patient; however, this study did not establish the
sequential evolution of the karyotype.* Based on our
data, we postulate that the 6q deletion represents an
early and critical genetic event in progression of this
lymphoproliferative disease to malignancy.

The 6q deletion has occasionally been reported as
the sole aberration in lymphoid malignancies,®*
however, genetically unbalanced gains and losses
including this defect usually develop secondary to
disease-specific translocations.” Among the second-
ary events necessary for clonal development, the 6q
defect persists throughout tumor development. It has
been suggested that in follicular lymphoma associat-
ed with a t(14;18) translocation, the 6q deletion initi-
ates one of several cascades of additional genetic
changes leading to malignancy.” Another study
found that the malignant cells from a CD30" T-cell
lymphoma patient, obtained from the primary tumor
and after two relapses, may have originated from a
common ancestor clone carrying a 6q defect along
with trisomy 9.” These studies suggest that the inac-
tivation of tumor suppressor genes present in the 6q
region are likely important in the early stages of neo-
plastic progression.

The role of the 6q deletion in LV-HES progression
was further investigated by profiling the expression
of genes located in the 6q14.1-q22.1 region using
microarrays and RQ-PCR. Six of the 88 genes
mapped to the 6q region (6.8%) were significantly
downregulated in both patients’” abnormal T cells. In
contrast, no change in the expression of the same
genes was observed in CD3 CD4" T cells from anoth-
er LV-HES patient with a normal karyotype (data not
shown). Furthermore, only 3.4% of the 22,263 genes
on the array showed similarly altered and statistical-
ly significant expression changes in both patients.
These data suggest that the transcriptional alterations



present during both the chronic and malignant phas-
es of LV-HES are more frequent in genes located in
the 6q deletion than in the genome as a whole. This
observation reinforces our hypothesis that the 6q
deletion plays a critical role in the early rather than
the later stages of disease progression. Gene expres-
sion profiling in association with a 6q defect has not
been frequently reported for lymphoid malignancies.
Recently, Haslinger er al. used microarrays to corre-
late 17p, 11q and 6q deletions in B-CLL patients with
the recurrent downregulation of several genes locat-
ed in these regions, suggesting a gene dosage effect in
disease development.* The downregulation of genes
located in the deleted 6q13 to 6q21 region corrobo-
rates our data since this is the same region that was
lost in the abnormal cells from our patients.
However, none of the 6g-linked genes downmodu-
lated in Haslinger’s study were the same as those
with decreased expression in our patients. While we
cannot exclude a technical bias, this suggests that
similar 6q deletions might induce different abnormal-
ities in B cells and T cells leading to B-CLL or LV-HES.

The identification of 6q-located tumor suppressor
gene(s) can be accomplished by analyzing regions of
minimal deletion (RMD) using loss of heterozygosity
assays or cytogenetic analysis for large groups of
patients with lymphoid malignancies. Several studies
have identified more than one distinct 6g RMD in an
otherwise homogeneous group of patients,>*%4
which suggest tumor-suppressor genes are putatively
located at bands 6q15-q16.1, 6q16.3-q21,%** 6q23**
and 6q25-q27.* Our chromosomal breakpoint analy-
sis of P1 and P2 delineated a large common region of
deletion from bands 6q14.1 to 6q22.1, which spans at
least two RMD previously found in other lympho-
proliferative diseases.

Potentially, the analysis of genes that are down-
modulated in conjunction with a 6q loss could also
identify candidate tumor suppressor genes. Our
microarray experiments detected at least three tumor
suppressor candidate genes worthy of further inves-
tigation. C60ORF37 was appreciably downmodulated
in the abnormal T cells from P1 and although the
function of this gene is unknown it is widely
expressed with sequence conservation across species
barriers, suggesting an essential cellular role.”
BACH?2 dimerizes with a Maf protein to function as
a transcription factor, and mediates the oxidative
stress response by inhibiting MARE-dependent gene
expression.® Furthermore, the loss of BACH?2 expres-
sion is thought to be a contributing factor in B-cell
lymphomagenesis.* Studies reported that BACH2
expression occurs only in neurons and B cells;” how-
ever, BACH2 mRNA was later detected in the thy-
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mus.” We have shown that BACH?2 is also expressed
in mature human CD4" T cells, and the coupling of
its downmodulation with the 6q deletion suggests
that genes governed by BACH2 warrant further
investigation. PA26 has been shown to be a potent
member of the GADD protein family and the main
alternative transcript (PA26-T2) is known to be
upregulated by p53 after genotoxic stress, suggesting
its potential role as a tumor suppressor.®®
Surprisingly, this gene was downregulated to the
same extent in the abnormal T-cells of both patients,
despite their different percentages of 6¢-deleted cells.
We also detected a 2-fold decrease in p53 expression
in both patients’ abnormal T-cells, which could in
turn decrease PA26. p53 haploinsufficiency may con-
tribute to tumorigenesis by a disproportionate alter-
ation (greater than 2-fold) in its transcriptional activ-
ity,** suggesting that PA26 trancripts could also be
reduced via a 6q deletion-independent mechanism
resulting from decreased p53 activity.

We took advantage of an exceptional opportunity
to follow the progression of an abnormal T-cell clone
in vivo (Willard-Gallo et al., submitted to Exp Hematol)
from its pre-malignant state through to the develop-
ment of full malignancy. These patients afforded us a
unique choice to compare an individual’s normal T
cells (CD3*CD4%) with the various developmental
stages in the life of the abnormal counterparts
(CD3-CD4*). A natural extension of our studies is to
use whole genome microarrays as a means of identi-
fying both the significant molecular changes that are
consistently correlated with disease progression as
well as for the analysis of abnormal T-cells from
other LV-HES patients. These data could provide
insight into the expression of specific gene sets that
are correlated with precise genetic, biological and/or
clinical features.
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