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What you need to know when you go with the flow: pitfalls in
the use of flow cytometry

Flow cytometry is a useful technique for determining the
molecules present on, or sometimes within, single cells in
suspension. The molecules of interest are targeted with a
fluorochrome label, which is usually delivered by means of
antibody, and are detected as the cells pass in single file
through a fluorescence detector. Flow cytometry is most
frequently used for leucocyte subset analysis, and technical
training focuses accordingly on the determination of anti-
gens which are strongly expressed-for example there are
approximately 104 CD4 molecules per positive lympho-
cyte. However, appreciation of more complex aspects of
flow cytometry may be lacking, which can cause problems
in its application as a research tool. For example, in a long
term study to compare the expression of an antigen in
patient and control groups, how do we know that results
are reproducible over time? If an antigen is weakly
expressed, how do we decide how many cells are positive
and how many negative? How do we calculate how many
antigens per cell? To add to these problems, quality
control, the sine qua non of most laboratory practice, has
been slow to develop, because of the difficulty of obtaining
and distributing suitable material, and this may be part of
the reason why studies with no apparent attempt to
standardise results manage to reach the literature. As flow
cytometry is being increasingly used by rheumatologists,
particularly in the search for cellular abnormalities under-
lying rheumatic diseases, it is necessary to make sure that
interesting studies are not undermined by poor design. We
discuss three key areas which should be considered when
planning flow cytometric studies: reproducibility, ampli-
fication, and data analysis.
Many factors can affect the reproducibility of a flow

cytometric method. The stability of the antigen itself must
be considered-that is, how it is affected by storage,
preparation, and fixation.' 2 Saturating dilutions of anti-
body must be determined using titration experiments. If
there is a choice between using a fluorochrome conjugated
antibody to the antigen of interest (direct method) or an
unlabelled antibody followed by an amplification/detection
step (indirect method), the merits of each method should
be understood. Amplification is useful for low density
antigen,3 but, for comparative studies, adding extra
variables increases the variance of each sample distribution
and therefore increases the likelihood of a type II statistical
error.4 For direct tests, isotype matched labelled antibodies
to irrelevant antigens should be used at the same con-
centrations as test antibodies to control for non-specific
binding. Indirect tests should be controlled using irrelevant
isotype matched primary antibody. Particular care is
required in studies combining an indirect method for one
antigen with a direct method for a second antigen on the
same sample. Free binding sites on the second layer
antibody labelled with fluorochrome 1 could bind directly
to the conjugated antibody labelled with fluorochrome 2.
This can be minimised by blocking free binding site on the
second layer antibody with normal serum from the appro-
priate species. Controls for each antigen singly should be
used to confirm that there is a similar degree of positivity
in the single stained and double stained samples.

Variability in the fluorescence signal, as a result of
instability of the antibody or fluorochrome, variability in
the assay, or instrument drift, may not be crucial for a CD4

count, but need to be considered in studies that compare
small values or values over time. An assay can be standard-
ised with a number of the stable, fluorescent beads on the
market.5`8 (However, although fluorescent beads are suit-
able for standardising results, they may not be suitable for
calibrating fluorescent molecule density. We (unpublished
data) and others5 have noted batch to batch variation in
calibrated beads, which compounds the uncertainty
already associated with spectrophotometric calibration.6)
The use of frozen or lyophilised cells for quality control
may give results which are too variable to assure individual
patient results in the health service, but may still be worth
using for analysis of trends in instrument and antibody
behaviour in a long term research study.' 7 8 Moreover,
with standard formaldehyde fixation of leucocytes, many
antigens are stable at 4°C for at least seven days and can
be repeatedly analysed to assess accuracy of standard-
isation or instrument drift over time.47

Amplification of the fluorescence signal is logarithmic in
most published studies, which again reflects the needs of
the health service laboratory determining the presence or
absence of antigen. However, logarithmic amplification is
not always appropriate.9 Logarithmic data have to be
antilogged before non-specific fluorescence can be
subtracted, and log to linear transformation is not straight-
forward, particularly at the lower end of the scale, which
introduces inaccuracies. 'o A further problem with logarith-
mic amplification is that as the number of fluorescence
signals per cell increases, each channel records an increas-
ingly compressed range of values, with a resultant loss of
precision. Linear amplification can be combined with use
of the base gain control in order to extend the range of
values which can be obtained and is particularly valuable
when discriminating between two relatively strong signals
(figure).

Software packages now offer a choice of statistical par-
ameters for quantifying antigens and the appropriate use
of mean, percentiles and mode should be considered." 12
Before starting a study, it is worth giving some thought to
the form in which results will be obtained, with a view both
to presenting results intelligible to the non-specialist, and
to facilitating independent verification by other labora-
tories. This is not achieved by the all too common report-
ing ofmean fluorescence in arbitrary units on a logarithmic
or unspecified scale. Variances and differences between
patient groups which appear small on a log scale are much
greater on a linear scale. The figure shows that the 70-80
fold increase of fluorescence on the brightest (B5)
compared with the dimmest (B 1) bead is displayed log-
arithmically as merely an approximate doubling of the
channel numbers on the FACScan. There is also a
common misconception that all analysis programs convert
logarithmically acquired data into linear form in order to
arrive at 'mean fluorescence intensity' units (some do;
some don't). It is essential for authors to understand the
methodology of their own software, and also to inform the
reader. For ease of understanding, we would prefer to see
all logarithmic data converted to a linear scale.
The figure illustrates an analysis of fluorescent beads on

both logarithmic and linear scales. Data were collected on
a single tube of fluorescent beads (Dako fluorospheres)
with a FACSan (Becton Dickinson) using linear and
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Use oflinear gain control to increase the range ofvalues which can be
obtained with linear amplification. A-C: Linear amplification; D:
logarithmic amplification. Fluorescent beads are labelled BOfor blank and
Bl-BS in ascending order of brightness. The gain settingfor each plot is
shown, and each peak is labelled with the appropriate bead number and
peak channel number. Note that values must be multiplied by 10 x the
reciprocal of the gain in order to compare values obtainedfor the same bead
at different settings.

logarithmic amplification. The beads had been calibrated
by a previously described system using iodine- 1 25-fluores-
cein isothiocyanate dual labelled antibody,'3 such that the
brightest fluorescence (B5 on the histograms) was cal-
culated to be equivalent to 1L7 x 105 bound fluorochrome
molecules. The dimmest bead (B1 on the histograms) is
approximately 75-fold less bright than the brightest, but
both beads can be acquired from the same tube and at the
same voltage by altering the gain setting.
Another common, but poor, practice is the quantitation

of weakly expressed antigens as percent positive by setting
a cut off point on the 'tail' of a histogram, as discussed
previously by Zola.3 This author recommended the appli-
cation of more sensitive labelling, but it is also possible to
increase sensitivity at the analysis stage, for example by
quantifying the mean or percentile difference between test
and blank fluorescence (using a linear amplifier) and
expressing results as an overall difference in fluorescence
intensity per cell rather than as a percentage of positive
cells. It is also worth considering the use of cluster analysis
to estimate the percentage of positive cells."4

There are frequent abnormalities of relative and of
absolute leucocyte subset numbers in rheumatic diseases,
and there is therefore a potential pitfall in the interpreta-
tion of a finding that a given molecule is abnormally
distributed. Unless care is taken to compare like with like
subset, an unusual distribution of a molecule could simply
reflect an abnormal distribution of the subsets on which
that molecule is found. To give a hypothetical example, a
finding of comparatively low lymphocyte CD25 expression
in a group of patients with low CD4:CD8 ratios would
probably merely reflect the fact that CD4 lymphocytes
tend to express far more CD25 than CD8 lymphocytes.
We hope that increased awareness of the issues involved

in flow cytometric quantitation, particularly the need for
reproducible methodology, will facilitate the more effective
application of this powerful technique to rheumatological
problems.
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