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Abstract
Background—Deletion 13q14.3 is the most common cytogenetic abnormality in chronic
lymphocytic leukemia (CLL). Previously it was reported that miR-15/16 is the target of 13q14
deletions and plays a tumor suppressor role by suppressing Bcl-2. Therefore, Bcl-2 expression was
examined more closely to determine whether it would predict 13q14 deletion status.

Methods—A multi-color flow panel consisting of anti-Bcl-2/anti-lambda/anti-kappa/CD19/CD5/
CD3/CD20 was performed. The ability of Bcl-2 to predict 13q14 deletion was tested using the
conventional Bcl-2 index (c-index): mean fluorescence intensity (MFI) of CLL clone/MFI of
residual T-cells. Fifty-four untreated CLL/MBL patients were studied. Bimodal Bcl-2 expression
was evaluated to test the ability of Bcl-2 to detect intra-clonal heterogeneity. Other CLL
prognostic markers including CD38, CD49d, CD26, and CD69 were evaluated. FISH was
performed on selected sorted populations.

Results—The Bcl-2 c-index strongly predicts del13q14 p<0.0001. A statistically significant
association was observed between the percentage of cells carrying the deletion and the level of
Bcl-2 expression p<0.05. Cells sorted based on Bcl-2 expression showed enrichment of both hemi-
and homozygous del 13q14 cells. Also we observed that an alteration in Bcl-2 level over time
predicts changes in 13q14 deletion status. And a statistically significant correlation between the
bimodal pattern of CD69 expression and the presence of 13q14 deletion was found p<0.0001.

Conclusion—Bcl-2 expression using the c-index strongly predicts 13q14 deletion and can be
used to distinguish homozygous, heterozygous, and diploid CLL clonal cells. Further systematic
studies of this biomarker are needed for confirmation and expansion of these findings.
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Introduction
Chronic lymphocytic leukemia (CLL) is the most common adult leukemia in western
countries. CLL is characterized by accumulation of CD5 positive malignant B-cells in
peripheral lymphoid organs, bone marrow (BM) and peripheral blood (PB) [1]. Fluorescence
in situ hybridization (FISH) analysis has shown that chromosomal abnormalities can be
found in more than 80% of CLL cases. Hemizygous and/or homozygous deletions of
chromosome band 13q14 constitute the most frequent cytogenetic abnormalities in CLL and
are seen in approximately half of the cases [2, 3]. Trisomy 12 (15%), 11q22–23 deletion
(12%), and 17p13 deletion (8%) were less frequent [3, 4].

MicroRNAs (miRNAs) are small non-coding RNA genes that regulate gene expression and
can be involved in human tumorigenesis [5–12]. The single-stranded miRNA binds specific
mRNA through sequences that are imperfectly complementary to the target mRNA, mainly
to the 3′UTR. The bound mRNA remains un-translated, resulting in reduced levels of the
corresponding protein [13, 14]. In humans, miR-15a and miR-16 are clustered intronicaly
within 0.5-kilo bases in band 13q14 [15]. Deletions involving miR-15a and miR-16-1,
located in that cluster or their down-regulation, were found in approximately 65% of CLL
patients [5]. Also the homologous 13q14 deletion has been described in an NZB mouse
model for CLL [16]. A germ-line mutation in the primary precursor of miR-16-1/miR-15a
located 7 bp after the 3′end of miR-16-1 was also reported to cause low levels of miRNA
expression in vitro and in vivo in CLL patients [17]. Moreover, it has been experimentally
shown that miR-15a and miR-16 expression inversely correlates with Bcl-2 expression and
that both microRNAs negatively regulate Bcl-2 at a post-transcriptional level. Therefore, the
lack of miR-15a and miR-16-1 in the majority of CLL cases does result in up-regulation of
the Bcl-2 protein [18]. The earliest report for Bcl-2 elevation in CLL was reported by
Honanda et al., Hoffbrand et al., and McConkey et al., all noted that this increased
expression of Bcl-2 was independent of (14; 18) translocation [19–21]. Although Bcl-2
expression is characteristic of B-cells in CLL [19–27], high levels are not seen in all patients
[23, 24, 27, and 28].

These observations suggested that down regulation of miR-15/16 as part of 13q14 deletion
contributes to an increase in Bcl-2 expression. Therefore, we explored the relationship
between the Bcl-2 expression and 13q14 deletion. A new flow cytometric gating strategy
was used to evaluate Bcl-2 expression. The c-index (mean fluorescence intensity (MFI) of
the CLL clone/MFI of residual T-cells) was used to quantitate this important biomarker and
its relationship to 13q14 deletion status. Optimal c-index cutoff values were determined to
differentiate 13q14 deletion from non-13q14 deletion cases. The group negative for the
13q14 deletion was used to study the basal level of Bcl-2 expression in CLL. Intra-clonal
Bcl-2 heterogeneity was carefully examined as it may relate to overall complexity of the
tumor and might signify and separate two different populations with different 13q14
deletion status. For example, intra-clonal Bcl-2 bimodality in CLL cases may represent two
different populations that had either a mixture of hemizygous and homozygous 13q14
deletion, or a mixture of hemizygous and diploid CLL clonal cells.

Material & Methods
Patients and Samples

This study used heparinized peripheral blood samples obtained from 54 newly diagnosed,
untreated CLL patients. Thirty-three (61.1%) had del 13q14, and 21 (40.7%) cases were
designated as non-13q14 deletion and used as a control to study the basal Bcl-2 level in CLL
cases. Rai stage and lymphocyte doubling time (LDT) were obtained from the clinical
record. The diagnosis of CLL was made on the basis of clinical examination, as well as
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morphological and immunological criteria according to the international workshop on CLL
iwCLL and Hallek et al. [29]. No long-term follow-up is available. These patients were
enrolled on an NHLBI IRB approved clinical study, registered with clinicaltrials.gov under
identifier (NCT00923507), and under NCI study 97-C-0178 (clinicaltrial.gov, identifier:
NCT00019370).

Intracellular Bcl-2 Staining
For each sample, 100 μl of washed whole blood cells (Phosphate Buffer Saline × 2) were
stained with the following panel for 30 min in the dark at room temperature (surface
staining): anti-lambda PE, CD19 PerCp Cy5.5, CD5 PE Cy7, anti-kappa APC, CD3 APC Cy
7 (these reagents obtained from BD Biosciences, San Diego, USA), and CD20 eFluor 450
(eBiosciences, San Diego, CA). After surface staining, fixation was performed using 100 μl
fixation medium (Reagent A, Caltag, Burlingame, CA) for 15 minutes. The cells were then
washed once with 3 ml of 5% bovine serum albumin (BSA) in PBS. Permeabilization was
performed using 100 μl of permeabilization medium (Reagent B, Caltag, Burlingame, CA),
and 10 μl of FITC-conjugated anti-Bcl-2 (clone 124, DAKO Cytomation, Glostrup,
Denmark) or the corresponding isotype matched control from Caltage (Burlingame, CA).
The cells were vortexed 1–2 times and incubated in the dark for 20 min at room temperature.
Cells were then washed once in 3 ml of 5% BSA/PBS, re-suspended in 300–500 ml of the
same buffer, and immediately run on a FACS Canto II flow cytometer (Becton Dickinson,
CA, USA). Isotype-matched controls were used to define the threshold line separating
positive and negative cell populations such that less than 1% of isotype-positive cells were
present to the right of the line. Initially, the cases were identified as CLL based on the
presence of a clonal light chain restricted B-cell population that was positive for CD19,
CD5, and dim for CD20. Bcl-2 expression was evaluated over CLL clonal cells.

Surface Staining for CLL Prognostic Markers
Surface staining for CD38, CD49d, CD26, and CD69 were performed as follows: 100 μl of
washed whole blood [Phosphate Buffer Saline (PBS) × 2] was added to each of three pre-
wetted tubes containing CD19-peridinin chlorophyll Cy5.5 (PerCP Cy5.5); CD69-
allophycocyanin (APC); CD5 phycoerythrin Cy-7 (PE Cy 7); CD3- allophycocyanin-Cy7
(APC Cy-7); CD20 eFluor450, and CD45 V500. In each of the three tubes, one of the
following reagents was added CD38/CD49d/CD26-phycoerythrin (PE). The cells were
stained for 30 minute in the dark at room temperature. The cells were lysed with 2 ml of 1x
BD FACS ™ Lysing Solution for 10 minutes, washed once with PBS/ Azide, and re-
suspended in 0.5 ml of 1% paraformaldehyde. The CLL clone (CD19+ve, CD20 dim, and
CD5+ve cells) was analyzed for the prognostic surface biomarkers.

Flowcytometry
FACS Canto II with FACS Diva software was used for acquisition. Cytometry setup and
tracking beads (CST, BD) were used to initialize PMT settings and daily QC/QA
performance characteristics. Unstained control cells as well as single stained tubes for FITC,
PE, Per CPCy5.5, PE Cy7, APC, APC Cy7, and eFluor 450 were prepared and used to set
the flow cytometric compensation. In some experiments, rat anti-mouse kappa light chain
Comp Beads (BD) were used to set the compensation and were stained according to the
manufacturer’s instructions. The number of events collected in these experiments varied
from 500,000 to 1 million events. FlowJo software (Tree Star, Ashland, OR) was used for
data analysis and display. The expression was reported positive if the percentage of positive
CLL cells was greater than or equal to the following cutoff values: ≥20%, ≥30%, ≥10%, and
≥30% for CD 38, CD49d, CD26, and CD69 respectively.
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Bcl-2 Gating Strategy and Analysis of Expression
A doublet exclusion gate based upon (FSC-A vs. FSC-W) was utilized to gate on singlet
cells, and then within this gate a lymphocyte gate was drawn using FSC-A vs. SSC-A
characteristics. Using a dot plot of CD3 vs. SSC-A within singlet gate and lymphocyte gate,
(R1) gate was drawn around the CD3 positive cells (patient’s residual T-cell) and (R2) gate
on the CD3 negative cells. Within the (R2 gate) the CLL clone (CD19 positive, CD20 dim,
CD5 positive cells), normal remaining (NR) polyclonal B cells (CD19 positive, CD20
bright, CD5 negative cells), and patient NK cells (CD19 negative, CD20 negative, CD5
negative cells) were identified using a dual-color histogram CD20 vs. CD5. A subsequent
dot plot using lambda in x-axis, and kappa in y-axis was performed gated on the clonal B-
cell population to identify light chain restriction and on polyclonal normal remaining B-cell
population to confirm polyclonality. (See Fig. 1 for gating strategy).

Bcl-2 mean fluorescence intensity (MFI) was evaluated on the clonal CLL cells, residual
patient T-cells, and normal remaining polyclonal B-cells. The conventional Bcl-2 index (c-
index) = MFI of CLL cells/MFI of T-cells was used to evaluate Bcl-2 expression. In this
study several cutoff values have been studied for the c-index. The sensitivity and specificity
for each cutoff value was evaluated. Also Bcl-2 was analyzed for bimodal expression.
Bimodality was defined as two well-defined and discrete populations of cells within the
malignant clone. Other CLL prognostic markers were also examined for bimodal expression.

Interphase FISH on Patient Samples
Interphase FISH was performed as previously described [30]. Briefly, buffy coat cells from
fresh, heparinized peripheral blood were cultured in duplicate overnight without mitogens
and for 96 hours with B-cell mitogens. Cells were harvested and fixed in 3:1 methanol:
glacial acetic acid. Fresh slides were made from the fixed cell pellets and hybridized with
commercially available probes (Abbott Molecular, Inc., formerly Vysis, Downers Grove, IL)
to detect deletions in 13q14.3 (D13S319, D13S25), 11q23 (MLL) or 11q22.3 (ATM), and
17p13.1 (TP53); and to detect trisomy 12 (CEP 12 DNA). A minimum of 200 interphase
nuclei were scored for hybridization signals for each probe.

FISH Staining on Sorted Cells
Sorting of the cell populations was performed based on the apparent difference in Bcl-2 MFI
(intra- or inter-clonal) bimodality. Interphase FISH was performed on sorted cells using a
Vysis D13S319 spectrum orange/ LSI 13q34 spectrum green probe set (Vysis Inc., No. 32–
191018), which includes the probe and the hybridization buffer for defined del 13q14 x1, del
13q14x2, and diploid cells. Sorting was performed using a BD FACS Aria II machine
(Bioinformatics, San Jose, CA)

FISH on sorted cells was carried out according to the manufacturer’s instructions and as
described by Degheidy et al., 2007 [31]. Briefly, the slides were fixed in methanol: acetic
acid (MAA) for at least 30 minutes then incubated in 2 X standard saline citrate (SSC) at
37°C for at least 1 hour. Following dehydration through graded alcohols, the probe was
suspended in hybridization buffer and added to the slide. A cover slip was applied and
sealed on using rubber cement. Using a thermo Brite Hybrite machine (Abbott Molecular),
denaturation was performed at 75°C for 5 minutes, followed by hybridization at 37°C for 16
to 24 hours. Post-hybridization washes consisted of 2 washes (2 minutes each) in pre-
warmed 0.4 X SSC/0.3XNP-40 (70°C); followed by 5 minutes in 2X SSC/0.1X NP-40 at
room temperature. 4-6-diamino-2-phenylindole (DAPI) was added to the slide and used as a
counter stain.
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Statistical Analysis
The associations between patients’13q14 deletion status (yes/no) and markers/variables of
interest were assessed using the Student t-test for continuous variables, and the chi-square
test for categorical variables. Multivariable regression models were constructed to adjust for
patients’ ages. Pearson’s correlation test was used to evaluate the strength of association
between %13q14 deletion and the biomarkers of interest. To assess the power of Bcl-2-
expression as a diagnostic biomarker for 13q14 deletion, we constructed receiver operating
characteristic curves (ROC), and calculated the sensitivity, specificity, positive (PPV) and
negative (NPV) predictive values for different Bcl-2 c-index expression cut off points [32].
All statistical tests were performed using SPSS version 17 for Windows (SPSS Inc.,
Chicago, IL).

Results
Patient demographic data

A total of 54 untreated CLL patients (mean age +/− S.D. 61.81+/−8.44) were studied. There
were 32 males (59.3%) and 22 females (40.7%) with 1.45:1 male: female ratio. In all, 37
cases were Binet stage A (69%), and 17 cases were Binet stage B & C (31%). Also, 36 cases
(67%) were Rai stage 0–1, and 18 cases (33%) Rai stage 2–4. Thirty-three patients (61.1%)
had del 13q14 (age 63.4+/− 9.03), and 21 (40.7%) cases were designated as non-13q14
deletion (age 59.5+/−7.06). Based on interphase FISH analysis, 33 patients had a 13q14
deletion; 25 of these patients had 13q14 deletion as the sole abnormality, and 8 patients had
a second abnormality (5 patients had 11q deletion, 2 patients had 17p deletion, and 1 patient
had trisomy 12). Of the twenty-one patients designated as non-13q14 deletion, 2 had 11q
deletion and 8 had trisomy 12 as the sole abnormality. The remaining 11 patients had normal
FISH results.

Bcl-2 expression and its relation to 13q14 deletion
Bcl-2 c-index (See Bcl-2 gating strategy and expression analysis in the Material & Methods
section and Figure.1) was used to quantify Bcl-2 expression in this study. Among the
studied population, the majority (17/21, 80.9%) of the non13q14 deletion cases had a low
Bcl-2 c-index (c- index =1.4). On the other hand the majority of the del 13q14 cases (26/33,
78.7%) had a high Bcl-2 c-index (c- index = 2.0). (See Figure 2 and Tables 1A and 1B).

There is no statistically significant difference between the CLL cases that had other
cytogenetic abnormalities compared to those cases with normal cytogenetics (p value= 0.46)
using the Bcl-2 c-index (See Table 1A). Therefore, we combined both groups (cases with
other abnormalities and cases with normal cytogenetics) and referred to them as non-13q14
deletion group and this designation was used for all the subsequent statistical analysis. The
non-13q14 deletion cases were used to define the basal level of Bcl-2 expression. Cases with
normal cytogenetics had a mean Bcl-2 c-index of 1.47 +/− 0.415. Cases with other
cytogenetic abnormalities (non-13q14 deletion) had a mean Bcl-2 c-index of 1.36 +/− 0.297.
On the other hand, del 13q14 cases had a mean value of 2.04 +/− 0.519 and Bcl-2 c-index
strongly correlated with 13q14 deletion status with p <0.0001 (Table 1A and 1B).

Several cutoff values were evaluated for their ability to predict 13q14 deletion (1.25, 1.5,
1.6, 1.75, and 2.0). We found that a cutoff value of 1.6 led to the best correlation for the
following parameters: sensitivity, specificity, PPV, and NPV (87%, 77.1%, 84.4%, and
77.3%, respectively). The sensitivities, specificities, PPVs, and NPVs for all of the above
cutoff values are summarized in Table 2.
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Also a statistically significant correlation was observed between the percentage of cells
carrying 13q14 deletion and the Bcl-2 c-index (R=0.54, p< 0.05, see Figure 2C).

Deletion 13q14 and surface co-expression of CD38, CD49d, CD26, and CD69
We studied the expression of the prognostic biomarkers CD38, CD49d, CD26 and CD69 on
clonal CLL cells and correlation with the presence of 13q14 deletion. None of these markers
demonstrated a statistically significant association with the presence of 13q14 deletion (p
values = 0.07, 0.79, 0.61, and 0.46 for CD38, CD49d, CD26 and CD69, respectively).

Bimodal Antigen Expression is frequent in CLL
Bimodal CD69 expression was observed in 33/54 (61.1 %), bimodal CD38 in 7/54 (12.9%),
bimodal CD5 in 2/54 (3.7%), and bimodal CD20 in 5/54 (9.2%) patients.

CD69 Expression pattern correlates with 13q14 deletion
All 54 CLL cases were analyzed for CD69 expression. Positivity verses negativity for CD69
did not correlate with the presence of 13q14 deletion (p=0.46). These cases were further
classified based on the pattern of CD69 expression as follows: homogenously negative,
homogenously positive, bimodal expression with more than 50% of cells showing bright
CD69, and bimodal expression with less than 50% of cells showing bright CD69 expression.
Figure 3 shows different patterns of CD69 expression that ranged from negative to positive
and bimodal expression.

Cases were designated as positive when CD69 expression was uni-modal and expressed in
more than 30% of CLL cells; as negative when CD69 expression was uni-modal and present
on 30% or less of the CLL cells; and as bimodal, when there were two clearly distinct CD69
positive populations. Of interest, bimodal CD69 expression showed a strong statistically
significant correlation with 13q14 deletion status with p value <0.0001 and 0.0005 before
and after age adjustment, respectively

Bcl-2 Bimodality and FISH analysis on sorted cells
During the course of the study, intra-clonal bimodal Bcl-2 expression was found in 3/54
(5.5%) cases, including one MBL case and two CLL cases. Intra-clonal Bcl-2 bimodality is
defined as two discrete cell subsets that showed two different Bcl-2 expression intensities
within the CLL clonal cell (CD19 positive, CD20 dim, CD5 positive cells). Figure 4
demonstrates an MBL case with ≈ 72% of all B cells showing bright Bcl-2 expression
(which represents about 12.7% of total lymphocytes). This case had 13% hemizygous del
13q14 (corresponds with the 12.7% bright Bcl-2 population) and 87% diploid cells
performed on Ficoll-Hypaque lymphocytes. Figure 5 shows one of the cases with intra-
clonal Bcl-2 bimodality. Flow cytometric analysis of this case revealed that approximately
42% of the CLL cells have bright Bcl-2 expression while the remaining CLL cells have dim
Bcl-2 expression. This case had 53% homozygous 13q14 deletion and 40% hemizygous
13q14 deletion. FISH on the sorted cells showed enrichment of 13q14 X1 in the dim Bcl-2
population and enrichment of 13q14 X2 in the Bcl-2 bright population. These cases are
example of how Bcl-2 can separate intra-clonal homozygous from hemizygous 13q14
deletion based on bright and dim Bcl-2 expression. This phenomenon was also seen in CLL
cases that had a mixture of hemizygous and diploid cells in their CLL clone, and in CLL
cases that showed inter-clonal Bcl-2 bimodality (defined as two different Bcl-2 expression
intensities based on differences in CLL surface expression of CD19, CD20, and CD5; e.g.
CD5 bright and CD5 dim cells) n=4 (data not shown).

Another CLL case with bimodal Bcl-2 involved a patient with known FISH analysis at
presentation (Bcl-2 analysis not performed) and subsequent FISH and Bcl-2 analyses
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performed at two time points 10 years after diagnosis (Figure. 6). At diagnosis, FISH
showed that 96% of the CLL cells had a hemizygous 13q14 deletion. When the patient was
studied 10 years later, FISH analysis revealed a mixture of 53% of cells with homozygous
13q14 deletions and 40% with hemizygous 13q14 deletion and flow cytometry showed
bimodal Bcl-2 expression. Nine months later, prior to treatment, Bcl-2 expression and FISH
were repeated. At this time, Bcl-2 expression intensity was uni-modal with more than 90%
bright Bcl-2 cells compared to the previous results. FISH revealed that 96% of the clonal
cells at that time had homozygous 13q14 deletions.

Discussion
Deletion 13q14 is the most common cytogenetic abnormality in CLL. This deletion is
associated with down regulation of miR-15a and miR-16-1 and a consequent increase in
Bcl-2 expression [18, 33, and 34]. Based on this observation, we studied the association
between Bcl-2 expression and deletion 13q14 in untreated CLL/MBL cases. In this study 54
CLL/MBL cases were studied: 33 cases had 13q14 deletions, and 21 cases were designated
as non-13q14 deletion. Bcl-2 level was evaluated using a new gating strategy and expressed
as the c-index (MFI of CLL cells/MFI of T-cells). The non-deletion 13q14 cases were used
to define the basal level of Bcl-2 expression. Intra- and inter-clonal Bcl-2 heterogeneity was
also evaluated. We found that a high Bcl-2 c-index (value above 1.6) strongly predicts the
presence of 13q14 deletion, p<0.0001. Also a statistically significant correlation was
observed between the percentage of cells carrying the 13q14 deletion and a high Bcl-2 c-
index, p <0.05.

The prognostic indicators CD38, CD49d, CD26, and CD69 were also studied. There was no
statistically significant correlation observed between the presence of 13q14 deletion and
CD38, CD49d, CD69 and CD26 positive expressions. However, a strong statistically
significant correlation was observed between the presence of a bimodal pattern of CD69
expression and the presence of 13q14 deletion p<0.0001.

Intra-clonal Bcl-2 heterogeneity was observed in two CLL cases (3.7%) and in one
individual with MBL (1.85%). On the other hand, inter-clonal Bcl-2 bimodality was
observed in five CLL cases (9.2%, data not shown). Also we observed an increase in the
level of Bcl-2 expression over time in a single patient, and this was associated with clonal
evolution.

Croce and colleagues cloned the bcl-2 gene from a 14;18 chromosome translocation in 1984
[35]. Its constitutive expression in follicular lymphoma is well known. Bcl-2 expression is
normally thought to be on the nuclear membrane, mitochondrial membrane and endoplasmic
reticulum membrane. Also it may be sequestered in the nucleus. There is one report of its
surface expression by McCarthy [36]. Although most CLL cells express levels of Bcl-2
protein comparable to those seen in follicular lymphoma with t(14;18)(q32; q21.3), several
studies have shown that some express lower levels [37, and 38]. The causes of this variation
are unknown. In addition to the pro-survival signaling, dimer formation with Bax was often
noted. In fact, Goolsby et al. showed flow cytometric evidence that the normal Bcl-2
apoptotic regulation pathway is intact [39].

Different mechanisms have been proposed to explain increased Bcl-2 expression in CLL
cells, including promoter hypo-methylation [19], loss of microRNA (miRNA) expression
(specifically, loss of miRNA-15a and miRNA-16-1 that are frequently deleted in CLL) [5].
Two major promoters control Bcl-2 transcription, P1 and P2. Also Majid et al. reported lack
of an association between Bcl-2 level of expression and promotor single nucleotide
polymorphisms [40]. The up-regulation of Bcl-2 is associated with down regulation of the
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mir 15-a/16-1 complex subsequent to 13q14 deletion. These two micro RNAs are contained
in a minimally deleted region that also contains DLEU-7. Also, previous studies showed the
cooperation of miR-15/16 and DLEU-7 in the pathogenesis of CLL. In this study, we
observed that there is an increase in Bcl-2 level of expression using Bcl-2 c-index in the
13q14 deletion group compared to the non-deletion group p<0.0001. Furthermore, we
observed that the level of Bcl-2 expression varies based on the percentage of cells harboring
13q14 deletion p<0.05 (Figure 2C). These results support the previous reported data that the
level of Bcl-2 expression is inversely related to miR-15/16 deletion [16] and related to
disease prognosis and progression [27, and 28].

Owing to the heterogeneity of Bcl-2 expression in CLL and the variation in 13q14 deletion
status, we questioned whether bimodality in Bcl-2 expression equated to heterozygous or
homozygous 13q14 deletion status. We also wondered if increases in Bcl-2 expression over
time predict clonal evolution. To answer these questions, Bcl-2 bright and dim populations
were sorted from bimodal samples. FISH on sorted Bcl-2 bright and dim populations was
performed. Our data shows that the distinct bimodal Bcl-2 sub-populations differ in their
13q14 deletion status with either a mixture of hemizygous del 13q14 x1 and diploid CLL
clonal cells or homozygous (del 13q14 x2) and hemizygous (del 13q14 x1).

Bright Bcl-2 sorted cells were enriched for the hemizygous 13q14 deletion cells. On the
other hand, dim Bcl-2 sorted cells were enriched for the diploid clonal cells (one MBL, and
one CLL case). Also there was enrichment of the Bcl-2 bright population with homozygous
13q14 deletion cells versus enrichment of the Bcl-2 dim CLL population with hemizygous
deleted cells in one CLL case. It would seem that the level of Bcl-2 expression is relative
with diploid cells having the least, heterozygous deletions with intermediate values and
homozygous deletions with the highest values (personal observation).

We also observed that increases in Bcl-2 level and/or change in modality pattern over the
time corresponded conversion from a mono-allelic deletion to a bi-allelic deletion in a CLL
case (Figure 6). At diagnosis 96% hemizygous 13q14 deletion was noted. Ten years post-
diagnosis a flow cytometric bi-modal Bcl-2 expression pattern was observed and a mixture
of 53% of cells with homozygous 13q14 deletion and 40% with hemizygous 13q14 deletions
was found by FISH. Eight months later, prior to treatment, Bcl-2 and FISH studies were
repeated. Bcl-2 expression was uni-modal (greater than 90% bright Bcl-2 cells). Interphase
FISH revealed that 96% of the nuclei scored cells at that time had homozygous 13q14
deletion. This single case suggests that monitoring Bcl-2 expression intensity can predict
clonal evolution and it might be a useful biomarker to direct the repeat of FISH studies to
evaluate further clonal evolution.

Bimodal distribution of a particular antigen within the CLL tumor cells suggests two
discrete cell subsets based on the degree to which the antigen is expressed. Previously Ghia
et al., [1] reported bimodal CD38 expression in CLL and showed that CD38 bimodal
expression in CLL cases had similar survival outcome to the uni-modal CD38 positive
cases. Also Cocco et al. reported bimodal expression of CD38, CD13, CD20, CD11c, CD5,
FMC7, and surface immunoglobulin [41]. In our study, we had similar findings as we
noticed seven cases with bimodal CD38 expression, five cases with bimodal CD20
expression, two cases with bimodal CD5 expression, and thirty-three cases with bimodal
CD69 expression. Although our study did not show any significant association between the
levels of expression of CD38, CD69, CD49d, and CD26, and 13q14 deletion, there was a
significant association between CD69 bimodal expression and 13q14 deletion p<0.0001.
Further studies to elucidate the significance of the bimodal CD69 activation pattern are
needed.
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In conclusion, 13q14 deletion is correlated with increased Bcl-2 expression. A high intensity
of expression is related to the number of cells with the deletion versus the diploid cells and
the ratio of hemizygous to homozygous deletions. These data combined with serial
observation of 13q14 clonal evolution in a single patient suggests that further studies in this
area would be of interest.
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Figure 1. Gating strategy for Bcl-2 expression analysis using whole blood
A: is the FSC-A vs. SSC-A gating on lymphocytes. B: CD3 vs. SSC-A gating on CD3+ve
patient residual T-cell (R1 gate); and on CD3-ve cells (R2). C: Dot plot CD20 vs. CD5
gated on R2: CLL clone, NR (normal remaining polyclonal B cells), and NK cell gates
shown. D: shows monoclonal kappa clone expression gated on CLL clone. E: shows the
polyclonal kappa and lambda expression gated on NR B-cells. F: single-color histogram
showing the overlay of Bcl-2 expression on the Clonal B-cell, patient residual T-cells, and
normal remaining polyclonal B-cells together with the Bcl-2 isotype matched control and
unstained cells.
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Figure 2.
A. Distribution of Bcl-2 c-index (Clone /T cell) in CLL patients with and without 13q14
deletion. B. Distribution of Bcl-2 expression using Bcl-2 c-index among four different CLL
subpopulations based on cytogenetic abnormality (Normal, Other, del13q14, del 13q14+)
See the material and method section. C. The correlation between the percentage of 13q14
deletion cells within the CLL clone and the Bcl-2 c-index (p< 0.05). D. The Receiver
Operating Characteristic (ROC) curve for Bcl-2 c-index to predict 13q14 deletion in CLL
patients.
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Figure 3. Pattern of CD69 expression over the CLL clonal cells
The sequential analysis gates are based on R2 gate as seen before in figure 1. A, B, C, and
D: Dot plot shows CD20 vs. CD5 gated on R2 gate for 4 different CLL cases that showed
different CD69 APC expression pattern. The CLL clonal cells and normal remaining
polyclonal B-cells (NR) gates were also shown. E, F, G, and H: Dot plot shows CD69 in x-
axis vs. CD5 in y-axis gated on CLL clonal cells gate in A, B, C, and D. Homogenously
negative (E), homogenously positive (F), bimodal expression with more than 50% of cells
showed CD69 bright (G), and bimodal expression with less than 50% of cells showed bright
CD69 expression. Note: the different pattern of CD69 expression ranged from negative,
positive, and bimodal CD69 expression.
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Figure 4. Bimodal Bcl-2 expression in MBL
A: is the FSC-A vs. SSC-A gating on lymphocytes. B: Dot plot CD20 vs. CD5 gated on
Lymphocyte (T-cells, B-cells, and NK-cells gates are shown). C, D, and E: showing
bimodal Bcl-2 expression in B-cells. C: Dot plot Bcl-2 vs. CD19 gated on B-cells. D: Dot
plot Bcl-2 vs. CD5 gated on B-cells. E: Single color histogram showing bimodal Bcl-2
expression with about 72% of B-cells showing bright Bcl-2 expression and about 28%
showing dim Bcl-2 expression.
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Figure 5. Bimodal Bcl-2 expression in CLL
A: is the FSC-A vs. SSC-A gating on lymphocytes. B: Dot plot CD20 vs. CD5 gated on
Lymphocyte (T-cells, Clone, NK-cells, and normal remaining polyclonal B-cells (NB) gates
are shown). C: Dot plot Bcl-2 vs. CD5 gated on CLL clonal cells showing the bimodal Bcl-2
expression whereas, about 40% showing bright Bcl-2 expression and about 60 % is showing
dim expression. D: Single color histogram showing bimodal Bcl-2 expression in CLL clonal
cells.
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Figure 6. Correlation between Bcl-2 expression and 13q14 status in two different time points
A, B, and C: Dot plots of BCl-2 vs. CD5 showing Bcl-2 expression in two different time
point in the same case. A: Dot plot showing bimodal Bcl-2 expression in the 1st time point
(10 years from diagnosis). B: Dot plot showing the uni-modal Bcl-2 expression in the
second time point 9 month later. C: is the overlay of Bcl-2 expression for the two time
points. D, E, and F: single color histogram showing the bimodal expression of Bcl-2 in A,
uni-modal Bcl-2 expression in B, and the overlay in C.
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Table 2

Correlation of Sensitivity, Specificity, PPV, and NPV for choosing optimal Bcl-2 c-index cutoff values.

Values Sensitivity Specificity PPV NPV

C-index (MFI of Clone/MFI of T-cells)

1.25 96.9% 31.8% 67.4% 87.5%

1.50 93.8% 59.1% 76.9% 86.7%

1.60 87.0% 77.1% 84.4% 77.3%

1.75 75.0% 81.8% 85.7% 69.2%

2.0 37.5% 86.4% 80.0% 48.7%

PPV, positive predictive value; NPV, negative predictive value; MFI, mean fluorescent intensity.
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