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Red cell investigations: Art and artefacts
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Red blood cell research is important for both, the clinical haematology, such as transfusionmedicine or anaemia
investigations, and the basic research fields like exploring general membrane physiology or rheology.
Investigations of red blood cells include a wide spectrum of methodologies ranging from population measure-
ments with a billion cells evaluated simultaneously to single-cell approaches. All methods have a potential for
pitfalls, and the comparison of data achieved by different technical approaches requires a consistent set of
standards.
Here, we give an overview of common mistakes using the most popular methodologies in red blood cell re-
search and how to avoid them. Additionally, we propose a number of standards that we believe will allow for
data comparison between the different techniques and different labs. We consider biochemical analysis, flux
measurements, flow cytometry, patch-clamp measurements and dynamic fluorescence imaging as well as
emerging single-cell techniques, such as the use of optical tweezers and atomic force microscopy.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Contrary to a common belief, the red blood cell (RBC) is a cell type
that is neither simple, nor easily obtainable in a pure form. Yet, it is

probably the most studied cell type in the history of the life sciences
starting with the microscopic observations of Jan Swammerdam in
approximately 1660.1 Nevertheless, as in most other fields of science,
contradictory data are common. Sometimes it is possible to unify initial-
ly opposing results, e.g., reconciling reports on the electrogenic perme-
abilities inmalaria-infected RBCs2,3 or on the isolation of lipid rafts from
RBCs.4–6 In other cases, specific issues have not been completely re-
solved, for example, the number of Gardos channels per RBC7,8 or con-
tradictory data regarding prostaglandin E2-induced cation fluxes.9–11

However, discrepancies often originate from different experimental
protocols, inducing different or even opposing degrees of artefacts.
Sometimes, artefacts may lead to completely wrong conclusions. This
is a serious problem, as revealed in a recent publication12 in Nature.
Here, a standard method intended for the isolation of mononuclear
cells (MNCs), based on the density-gradient centrifugation of blood,
was mistakenly used to isolate RBCs in an allegedly pure form. This ar-
tefact affects the entire paper, but it obviously passed the review pro-
cess in one of the most prestigious journals.

To avoid this and other common artefacts, as well as to establish a
basis for good laboratory practices in RBC research, a subgroup of the
European Red Cell Society (ERCS) was formed to initiate standards for
a better inter-methodological as well as inter-laboratory comparison
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of RBC-derived data. As an initial attempt, here, we present the first
“guidelines” for avoiding artefacts in RBC research: In the first part,
we discuss the general challenges, such as obtaining pure RBC prepa-
rations, experimental conditions in general and the comparison of
studies between different species. In the second part, we review a se-
lection of methods in RBC research, discussing possible pitfalls, how
to avoid them and the conditions for comparing/combining different
methodologies. Obviously, this cannot be a comprehensive selection,
but covers a bunch of the most popular methods and emerging
technologies.

Our hope is that this report will be useful to all scientists ap-
proaching the study of RBCs or considering RBC research, to avoid
stumbling into major artefactual conditions and obtaining or conclud-
ing the best from the experiments.

2. Ethics

The data presented in this paper has been acquired after approval
by the local ethical committees related to the authors institutions.

3. General considerations

3.1. Obtaining pure cell preparations

The vast majority of biochemical studies, but also all other types of
cell population measurements, have been carried out, and still are,
using bulk suspensions of supposedly pure RBCs. The RBCs are obtained
by sedimenting the cells by centrifugation froma sample ofwhole blood
that has been “washed”with variants of a physiologic solution, followed
by removal of the supernatant and the thin superficial layer of cells. The
latter, the so-called “buffy-coat”, is indeed enriched in white blood cells
(WBCs), or leukocytes, but these cells belong chiefly to the MNC type,
i.e., lymphocytes and monocytes. The most abundant WBCs, however,
the polymorphonuclear neutrophil granulocytes (PMNs), tend to re-
main mixed with the RBCs owing to the similar density of the two cell
types, contaminating the RBC sample.6 The only way of removing
most of the WBCs is by filtering the blood with leukodepletion filters.
Roughly speaking, if the total content of PMNs per million RBCs is
1000 in whole blood, it will decrease, at best, to 100 in washed blood
and to b10 in filtered blood.6

3.1.1. Purification of RBCs
A simple and reliable procedure for RBC purification that is suit-

able for samples of small volumes and easy to implement in every
lab is filtration through cellulose, as was originally proposed by
Beutler et al.13 and described in detail in the supplementary material
of Achilli et al.14

We propose this simple concept as a standardmethod and good lab-
oratory practice in RBC research. It should be emphasised, however, that
filtration might not be applicable in all instances, e.g., for pathological
RBCs, because its functioning principle appears to be based largely on
the difference in deformability between RBCs and WBCs.15 The latter
are much less deformable than normal RBCs and are therefore retained
in the filter for a longer time than RBCs. However, in certain RBC pathol-
ogies, RBC deformability is abnormally reduced, and this may result in
reducedfilterability (hereditary spherocytosis, hereditary elliptocytosis,
ovalocytosis, sickle cell anaemia).

3.1.2. Quantifying RBC purity
The task of quantifying lowWBC levels is by nomeans a simple one,

and special techniques have been devised for this purpose. As a general
remark, microscope counting using conventional haemocytometer
chambers is impractical and not sensitive enough. The flow cytometry
(FCM) approach is meaningful only if the number of total events
counted in each analysis is sufficiently high to reveal 1 WBC per 106

RBCs, which implies long analysis times.16 An extremely sensitive and

inexpensive method for the quantification of PMNs in blood samples
that can be easily implemented in all labs is the technique of gelatin
zymography, as recently adapted.14

3.1.3. Consequences of contaminated RBC suspensions
The consequences of having a PMN-contaminated RBC suspension

can be deleterious. Two main types of artefacts can result from such a
situation: (i) attribution to the RBCs of a component/function that in
fact belongs to the PMNs; (ii) damage to RBCs resulting from hydro-
lases and oxidases released by activated or broken PMNs.

The first issue has already been exemplified in the Introduction. The
wrong method used in a recent Nature article12 for the purification of
RBCs results, instead, in the isolation of a fraction of RBCs together
with all the PMNs that were originally present in the blood sample,
without even reducing the number of PMNs, as would occur if a con-
ventional centrifugation-based wash of the blood and removal of the
“buffy-coat” were performed. Fig. 1A indicates the amount of PMNs
left by different separation methods.

The artefactual results that originate from PMN hydrolases damag-
ing RBC components are exemplified by the controversy on the isolation
and characterisation of lipid rafts from RBCs.6 The most powerful and
constitutively active hydrolases in the PMNs are the serine proteases
elastase and cathepsin G. These hydrolases are normally confined at
high concentrations in cytoplasmic vesicles (granules) and only re-
leased upon cell activation. Detergents can easily free the proteases
from the granules. It was shown that even the presence of one PMN
permillion RBCs is able to release enough proteolytic power to damage,
if not fully inhibited, highly sensitive RBC proteins such as ankyrin and
protein 4.1.6

Another common situation that could give rise to artefactual results
is the preparation of “ghosts” from RBCs by hypotonic haemolysis.17 If
the RBCs are contaminated by PMNs and the buffers used are not effec-
tively supplemented with anti-proteases, the RBC membrane proteins
will almost certainly be damaged (Fig. 1B, C). The workaround to this
problem is the filtration of the blood and the use of freshly prepared lys-
ing buffers containing a working concentration of anti-proteases.

3.2. Experimental conditions

Other factors that must be standardised to be able to compare the
obtained data between different laboratories are the temperature,
shear stress, medium content, especially traces of serum, and the con-
dition of cells used in the experiments. Furthermore, recent studies
emphasise the importance of co-factors and substrates of several re-
ceptors, which may contribute to the experimental outcome.

3.2.1. Possible artefacts and their causes

3.2.1.1. The influence of temperature. Temperature-related artefacts in-
clude ion misbalance and the ensuing changes in cell volume and
Ca2+-dependent processes. Temperature sensitivity depends on the
particular approach, but it can be severe, differing, e.g., between differ-
ent types of ion transporters. The decrease in the activity of ion trans-
porters with a decrease in temperature by 10° (Q10) is approximately
30-fold for the Ca2+ pump,18 approximately 3-fold for the Na+/K+

pump19 and approximately 1.5–3-fold for most of the ion transporter
systems.20,21 Thus, temperature changes may have a pronounced effect
on the intracellular Ca2+ levels and the Na+/K+ distribution. The tem-
perature may not necessarily be fixed at 37 °C in particular experimen-
tal settings (e.g., controlling the temperature can be complicate for
patch-clamp investigations). However, temperature as a factor has to
be taken into account, and the potential side effects must be controlled.

3.2.1.2. Impact of medium supplements. Serum and the multiple biolog-
ically active factors it contains, including albumin and factors bound
to it, such as interleukins, prostaglandins, insulin and amino acids,
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