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Heterogeneity of clonal lymphocytes

Figure 1  Typical results from dual staining with anti-CD19-PE and anti-
corresponds to normal sized lymp
corresponds to events in region 1.

events in region 1.

logarithmic amplification. Ten thousand events
were collected after gating on CD19 positive
cells and the data analysed using Flowmate
software (Dako). Calibration and sensitivity
were checked using fluorescent labelled beads
(Calibrite beads; Becton Dickinson).

STATISTICAL ANALYSIS

Linear regression was performed using SPSS
PC+ software. For analysis the square root of
forward scatter (FSC) and the cube root of
green fluorescence (FL1) was used to account
for FSC and FL1 being proportional to cell
surface area (radius®) and volume (radius’),
respectively. This assumes that lymphocytes
approximate to a spherical shape.

Results
In a series of 127 patients with low grade lym-
phoproliferative disorders it was observed that
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a proportion (n = 20) appeared to have popu-
lations of CD19+ lymphocytes showing differ-
ent levels of bcl-2. Fifteen of these patients had
previously been treated and this observation
can be explained by detection of the re-
emergence of the malignant clone against a
background of normal cells; however, the other
five patients were not in this situation with vir-
tually all of their B cells being of clonal origin
(as shown by surface immunophenotyping).
The CD19+ lymphocytes in these patients all
showed more intense staining than normal B
cells with anti-bcl-2 (data not shown). In all
cases the more intensely staining bcl-2 popula-
tions corresponded to a subset of larger
lymphocytes and in three of the five cases these
cells formed a separate population on staining
with CD19 (fig 1).

Statistical analysis on one patient (DL)
showed R? for linear regression of the square

bel-2-FITC. (A) Dot plot forward scatter versus side scatter. Region 1
hocytes. (B) FITC fluorescence (bcl-2) histogram ungated. (C) FITC fluorescence (bcl-2) histogram, overlay (black)
(D) PE fluorescence (CD19) histogram ungated. (E) PE fluorescence (CD19) histogram, overlay (black) corresponds to
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Figure 2 Overlay histograms of FITC fluorescence

(bcl-2) from patient DL during treatment with oral 2-CdA.
(A) pre-treatment; (B) pre-third course; (C) pre-fourth
course; (D) pre-fifth course; (E) pre-seventh course; and
(F) pre-eighth course.

root of the forward scatter against the cube root
of the green fluorescence to be 0.69 for the
total cell population. When the cells were split
into two populations on the basis of green fluo-
rescence (high and low) (fig 1B) and the
regression repeated, R® for high was 0.04 and
for low it was 0.33; suggesting that the relation
between cell size and bcl-2 concentration does
not persist within the subpopulations.

This patient was monitored during chemo-
therapy with 2-CdA, after just one course
elimination of the high bcl-2 cells present
before treatment was observed. This was
followed by a reduction in the lower bcl-2 cells
after further courses, accompanied by re-
emergence of a lymphocyte population show-
ing a level of bcl-2 protein equivalent to that of
normal lymphocytes (fig 2). This re-emergence
of normal B cells was supported by flow cyto-
metric analysis of clonality. The disappearance
of the high bcl-2 cells was also noted in two
patients on treatment with chlorambucil and
prednisolone, and in one patient not receiving
any treatment.

Discussion

It is generally presumed that cells with a high
bcl-2 concentration should be more resistant to
chemotherapy induced apoptosis. The data
presented here conflicts with this theory and
raises the question of whether bcl-2 concentra-
tion in a cell is related to cell size. Little atten-
tion appears to have been given to assessing
whether larger cells require more bcl-2 to
achieve an equivalent anti-apoptotic effect.
Consideration of antigens expressed on the cell
surface is relatively straightforward—the larger
the cell, the greater the surface area and there-
fore the higher the fluorescence intensity
expected. However, bcl-2 is an intracellular
protein so it is not obvious whether a similar
argument should be applied. Other investiga-
tors assessing the prognostic significance of
bcl-2 concentration in acute myeloid leukae-
mia compensated for size difference simply by
dividing by mean forward scatter.'' However, if
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bcl-2 concentration is related to cell size it
should be dependent on cell volume rather
than surface area.

We have attempted to assess the relation
between cell volume and bcl-2 concentration
by comparing CD19+ subpopulations. Al-
though statistical analysis showed a strong
relation between cell size and bcl-2 in the over-
all cell population, when the cells were divided
into two populations based on their bcl-2 con-
centration, the correlation with cell volume was
less obvious, particularly for the high bcl-2
population. This implies that, although the
larger cells do indeed have more bcl-2, within
each subpopulation the relation between these
two variables is poor and the increase in cell
size cannot account for the increase in bcl-2.
This was supported by a study of patient DL’s
lymphocytes, which showed a differential
sensitivity to 2-CdA with treatment. The
higher bcl-2/larger lymphocytes were more
sensitive to drug exposure, suggesting the
existence of a physiological difference between
the two populations. The tendency of cells to
undergo apoptosis is now thought to be
dependent on the ratio of Bax:bcl-2 rather than
the absolute level of bcl-2,'* and this may
explain the finding of differential drug sensitiv-
ity.

These observations highlight the heteroge-
neity possible in clonal lymphocyte popula-
tions and raise a note of caution for techniques
that, unlike flow cytometry, do not alert the
user to this. A physiological difference is
apparent between these subpopulations of
lymphocytes that has not been fully explained
by examination of cell size and levels of bcl-2
alone.
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