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Log Normal Distribution of Cellular Uptake of
Radioactivity

TO THE EDITOR: In a recent study by Neti and Howell (1),
the distribution of cellular uptake of radioactivity (210Po-citrate)
within a cell population was studied. They found that the dis-
tribution was log normal. Furthermore, they calculated how this
distribution affects the radiopharmaceutical’s ability to kill cells,
and they found a cell kill that is smaller than that with a homo-
geneous uptake. The background for doing this work, as presented
by Neti and Howell, was that numerous articles that dealt with the
calculation methods had been published, but none of these took
into account this heterogeneity in cellular uptake.

However, we must call attention to an article published in 2001
by Kvinnsland et al. (2) in which these issues were addressed. The
focus of that study was the radiobiologic implications of this sort
of heterogeneity as well as the variations in cell radius and nuclear
radius. Also, in this study, it was found that the distribution was
log normal, and the surviving fractions of cells were estimated to
be higher than the fractions found with assumptions about uniform
uptake.

In the article by Neti and Howell (1), the main focus is on the
method for measuring the distribution, whereas in the article by
Kvinnsland et al. (2), more attention is given to the calculations.
Neti and Howell exposed cells to different concentrations of
210Po-citrate, washed the cells, and seeded them in dishes or
on plates covered with photographic emulsion. The number of
a-particle tracks originating from the individual cells was then
counted, and the distribution of activity in the cells was then
estimated. Subsequently, the effects on theoretic survival curves
from this heterogeneity in cell-bound activity were calculated.

In the work by Kvinnsland et al. (2), cells were labeled with
phycoerythrin-conjugated antibodies, and the distribution of im-
munofluorescence intensities, reflecting the surface antigen ex-
pression, was measured in a flow cytometer. This distribution was
later assumed to be equal to the distribution of activity on the cell
surface of cells exposed to radiolabeled antibodies. Using this
assumption, the survival curves were estimated for antibodies la-
beled with an imaginary isotope emitting a-particles with 7-MeV
energy. Furthermore, errors in estimates of radiosensitivity based
on an assumption about linear survival curves were calculated for
varying proportions of cell-bound activity and activity in the
medium surrounding the cells.

There are obvious advantages and disadvantages of both
methods. The disadvantage of flow cytometry is, of course, that
all chemical compounds cannot be labeled with a fluorophore, and
in such cases the method with radiolabeling must be used. For
example, it does not make sense to label citrate with phycoery-
thrin. Therefore, the study by Neti and Howell (1) is important.

However, when flow cytometry is possible, the antigen expres-
sion of a vast number of cells can be measured in a short time and
it is possible to expose the cells to high concentrations of antigens.
This is in contrast to the method with photoemulsion, which is
very laborious, and, because the number of tracks must be limited,
the distribution has to be measured part by part by varying the

concentrations of radiochemicals and exposure times. This gives
rise to another fundamental mathematic problem. If the number of
tracks per cell is low, the counted number of tracks is a Poisson
variable. In other words, the distribution observed is not the
distribution of radioactivity in the cells but, rather, the distribution
convolved with the Poisson distribution. In the article by Neti and
Howell (1), the fact that the variable is poissonian is pointed out
but, as we have understood their mathematic methods, this is not
handled; furthermore, the track counts for short exposure times are
simply adjusted to the longer exposure times by multiplication
by a factor taking into account the longer decay times, ignoring
the fact that the Poisson distribution is changing with increasing
expected values.
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REPLY: We thank our colleagues for bringing attention to their
article that addressed the impact of nonuniform distributions of
radioactivity at the cellular level on cell killing (1). We always
strive to refer to all prior literature on a given topic and we
sincerely apologize for the omission. We agree that they carefully
examined the radiobiologic implications of the distribution of
radioactivity at the cellular level and showed that surviving
fractions of cells were estimated to be higher than the fractions
found with the assumption of uniform uptake. However, we
disagree with their contention that they found that their distribu-
tion was log normal for the following reasons. To obtain the
distribution of radioactivity at the cellular level, Kvinnsland et al.
(1) inferred the distribution from a fluorescence intensity distri-
bution acquired on a flow cytometer. As per standard practice
in flow cytometry, their data were acquired under logarithmic
amplification (Fig. 2 (1)). In their Results, they state that ‘‘the
distributions of antigen were close to a gaussian-shaped curve on a
log scale on the abscissa.’’ Accordingly, they implemented a
logarithmic transformation of their data to enable its use for
further analysis (Eq. 8 (1)). It is important to point out that the use
of a logarithmic transformation does not necessarily imply that
the distribution is log normal. The near-gaussian shape of their
distribution on a log scale does suggest that their distribution
resembles a log normal distribution. However, they neither made
statements nor provided mathematic analyses to indicate the log
normal resemblance of their distribution. This may be partly why
our literature searches failed to identify their article. We did note
in our Discussion that log normal distributions are likely the norm
and that most flow cytometry reagents are best visualized under
logarithmic amplification (3). With this in mind, it should be notedCOPYRIGHT ª 2007 by the Society of Nuclear Medicine, Inc.
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