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The mechanisms by which [®™Tc]pertechnetate becomes attached to stannous-primed red
blood cells are not known in detail. To study the problem further, the effect of red cell surface
charge on labeling efficiency was evaluated. Red cell surface charge was reduced by using
the enzyme neuraminidase to remove the terminal charge-bearing sialic acid moiety of the
membrane glycoprotein. Forty-five blood samples from six volunteers were treated with
neuraminidase for varying lengths of time, resulting in the removal of from 11% to 99% of the
normal negative surface charge, as determined from electrophoretic mobility measurements.
There was excellent linear correlation between labeling efficiency and the remaining red cell
surface charge for values down to 20% of normal (r = 0.89). When surface charge was less
than 20% of normal, labeling efficiency was constant at 30%. Eleven blood samples from
three donors were divided into two groups that were treated with neuraminidase either before
or after they were labeled. The labeling efficiency was independent of the order in which the
steps were performed. No evidence for shifting of the radiolabel from the cell membrane to
hemoglobin was found. The results suggest that clinical conditions associated with a
reduction of sialic acid on the erythrocyte membrane may be one cause of decreased red
blood cell labeling efficiency, and that increased membrane permeability for reduced

technetium species may be responsible for the decrease.

J Nucl Med 29:1710-1713, 1988

’I:me ability of technetium-99m (**™Tc) pertechnetate
to become attached to red blood cells (RBCs) that have
been exposed to stannous ion has been known for
almost two decades (7). While the details of the labeling
process are not known, it has been shown that most of
the radioisotope seems to be bound to the hemoglobin
within the red cell (2). The efficiency with which tracer
is incorporated into the red cell is dependent upon the
details of the labeling procedure (3,4). Labeling effi-
ciency also is known to be diminished by the presence
of many commonly used medications, radiographic
contrast agents and circulating antibodies (5-8). While
conducting a series of experimental studies of abnormal
red blood cell distribution in vivo, we observed that
cells with reduced surface charge also showed reduced
efficiency of labeling with pertechnetate. We investi-
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gated this phenomenon in more detail and herein pre-
sent our results.

MATERIALS AND METHODS

Eleven blood samples were obtained from six healthy adult
male donors. These 40-ml samples were collected in heparin-
ized syringes. Neuraminidase solution (1 unit in 10 ml of
normal saline) was added to six of these samples (from five
donors) in order to remove terminal charge-bearing sialic acid
residues from the erythrocytes (9,10). One-milliliter aliquots
were removed from each sample at times of 0, 5, 10, 15, 20,
30, 40, and 60 min following neuraminidase addition. Ten
milliliters of cold normal saline were added to each aliquot as
soon as it was removed in order to stop the action of the
neuraminidase. The samples were next centrifuged at 3,000
rpm for 10 min and the red blood cell fraction was resus-
pended in 10 ml of cold normal saline. This procedure was
repeated two more times. A total of 45 such aliquots were
produced. Electrophoretic mobility of cells from each of the
aliquots was measured and expressed as a percent of normal,
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using a previously described technique (/7). The reduction in
mobility served as a quantitative marker of the degree of
surface charge removed by the neuraminidase (9). The re-
maining cells from each aliquot were then incubated at room
temperature for 20-30 min with 2.5 ml (2.2 mg stannous ion)
of a solution prepared by adding 5 ml of normal saline to the
contents of a commercial kit (TechneScan PYP—Mallinck-
rodt, Inc., St. Louis, MO). The cells were subsequently incu-
bated at room temperature with 0.5-2 mCi [**™Tc]pertech-
netate for an additional 10 min. The cells then were spun
down, washed, and resuspended once as described above.
Activity in the cell samples and in the washings was then
measured using a well counter and/or dose calibrator.

In order to determine if the order in which neuraminidase
treatment and radiolabeling of the cells were performed influ-
enced our results, three blood samples from different donors
were each divided into two groups of four. The first group in
each set was incubated for 60 min with neuraminidase solu-
tions of varying concentrations calculated to remove ~0, 30,
60, and 100% of the red cell surface charge. These cells then
were washed, labeled with ™Tc, washed again, and measured
for activity as described above. The second group was first
labeled with *™Tc, then washed and similarly incubated with
the neuraminidase solutions and washed again. These wash-
ings and cells were also assayed. The labeling efficiencies of
these groups were then compared. Electrophoretic mobility
data could not be compared, however, because technetium-
labeled cells were found not to migrate in the measurement
device.

The remaining two blood samples from two different do-
nors were labeled as above, washed, and then incubated at
room temperature for 15 and 60 min in either 10 ml of
8 g-% hemoglobin solution or in this hemoglobin solution
plus 2.5 ml of the stannous solution previously described. The
hemoglobin was obtained from cells taken from the same
samples that were mechanically lysed by centrifugation with
glass beads. Following incubation, the cells were washed and
both cells and washings measured for activity. This was done
to investigate whether extracellular hemoglobin would alter
the *™Tc distribution.

For all samples the RBC labeling efficiency was calculated
as the percent of activity with the red blood cell fraction as
compared to the combined activity of the red cell and final
washing fractions.

RESULTS

Red blood cell labeling efficiencies (n=45) are plotted
against the electrophoretic mobilities in Figure 1. In-
spection of the graph suggested a linear relationship
between mobility and labeling efficiency in the range
between 100% and 20% of normal surface charge and
constant labeling efficiency below 20% described the
data better than a straight line over the entire range.
Subsequent analysis was performed accordingly. For
the eight samples with mobility values <20% of normal,
the labeling efficiency was 30.4 + 3.9%. Linear regres-
sion analysis of the remaining points showed an excel-
lent correlation between the labeling efficiency and
electrophoretic mobility (r = 0.89, s.e.e. = 9.0, n = 37).
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FIGURE 1

RBC labeling efficiency as a function of electrophoretic
mobility (x) in neuraminidase treated red cells. The mobility
is directly proportional to the membrane surface charge
remaining on the RBC following treatment. When <20%
of the original surface charge remains, labeling efficiency
is constant at ~30%.

Correlation between labeling efficiency of cells that
were treated with neuraminidase before being labeled
and cells that were first labeled with **™Tc and subse-
quently treated with neuraminidase (n = 11) was excel-
lent (Fig. 2). There was no significant difference be-
tween the two groups (paired t-test), with near identical
values for the measured labeling efficiencies (Eff)
(Effiabettreat = 0.92 X Effireartabes + 5.9; r = 0.997; s.e.e. =
2.3%).

The four samples that were labeled and then incu-
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FIGURE 2

Comparison of labeling efficiency between cells that have
been treated with neuraminidase before ®*"Tc labeling with
cells treated with neuraminidase after ®™Tc labeling. There
is excellent correlation with the regression line close to the
line of identity.

1711



bated with either hemoglobin or hemoglobin primed
with stannous ion showed no significant difference in
the amount of *™Tc remaining with the cell from the
corresponding samples incubated with saline. The mean
difference in labeling efficiency was 0.6 + 2.6%.

DISCUSSION

Technetium-99m-labeled red blood cells are easily
prepared (12,13) and are widely used for cardiac ven-
tricular function studies, radionuclide venography, and
for detection of gastrointestinal bleeding and hepatic
hemangiomas. A possible mechanism by which *™Tc
becomes attached to RBCs has been previously de-
scribed (14). First, stannous ion freely diffuses into the
RBC but due to intracellular binding cannot escape.
Next, pertechnetate ion diffuses freely into the RBC,
but within the cell is likely to be reduced by the Sn**.
This reduced technetium is not transported across the
cell membrane—that portion reduced intracellularly
remains inside the RBC. Any technetium reduced by
extracellular tin(II) will remain outside.

While attempting to study the biodistribution of
RBCs that had been treated with neuraminidase, we
observed that this treatment interfered with the ability
of the pertechnetate to label the cells. Neuraminidase
has long been used as a tool to study the erythrocyte
cell membrane and erythrocyte aging. This enzyme,
produced by the bacterium Vibrio cholerae, cleaves the
terminal sialic acid residue of the red cell membrane
glycoprotein (9,10). This residue is responsible for most
of the RBC negative surface charge, and its removal
can be monitored by measuring the electrophoretic
mobility of the cells.

Our results demonstrate a close relationship between
the amount of surface charge removed from the red cell
membrane and the efficiency of red cell labeling. The
relationship was linear following the removal of up to
80% of the initial surface charge; cleavage of additional
sialic acid residues, to the point of virtual removal of
all surface charge, did not seem to further diminish the
amount of technetium bound to the cell. These results
were seen regardless of whether the neuraminidase
treatment occurred before or after the cell labeling
process.

Prior studies of the distribution of technetium within
labeled RBCs have suggested that most of the activity
is associated with the beta-chain of globin (2,14). Our
results suggest, however, that the majority of RBC-
bound *™Tc is not associated with hemoglobin. Neu-
roaminidase treatment is known to affect the red cell
membrane, but has no known effect on hemoglobin. In
particular, neuraminidase treatment of red cells does
not interfere with chromium-51 labeling of hemoglobin
(15). Nevertheless, neuraminidase treatment was able
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to reduce *™Tc RBC activity by as much as 80%, while
this activity was not altered by incubation with hemo-
globin [which is known to have a high affinity for ®™Tc
(16)] or stannous-primed hemoglobin. Perhaps the 20%
of the ®™Tc¢ activity that remained with the RBCs
despite further reduction in surface charge is fixed to
the beta-chain of hemoglobin. The remaining 80%
seems to be in a more labile intracellular pool, perhaps
in the cytoplasm or on the red cell membrane itself.

Cleavage of the sialic acid following cell labeling
would result in corresponding proportional losses of
both surface charge and cell-bound technetium activity
if technetium were bound to the sialic acid moiety on
the red cell membrane. When the order of labeling and
neuraminidase treatment is reversed, however, removal
of a given fraction of the binding sites would result in
the same reduction in the fraction of **™Tc bound to
the RBC only if the amount of ®™Tc present exactly
filled the number of binding sites initially available.
Removal of all or part of any initial excess binding
capacity would not be expected to reduce the amount
of *™Tc that could be bound. We observed the same
proportional losses in surface charge and activity re-
gardless of the *™Tc concentration used. The mem-
brane binding hypothesis thus fails to explain our re-
sults.

Alteration in the ability of stannous or pertechnetate
ion to enter or leave the cell as a result of prior neura-
minidase treatment might be considered as the cause of
the reduced labeling efficiency in treated cells. Cells that
are first labeled with *™Tc, however, presumably have
all their pertechnetate reduced and thus trapped within
the cell before treatment. Post-treatment movement of
stannous or pertechnetate ions alone would not affect
the amount of activity in this reduced intracellular
9mTc pool. Therefore this hypothesis, too, cannot be
correct.

A possible explanation for our results is that the
increase in erythrocyte membrane permeability associ-
ated with the cleavage of terminal sialic acid residues
permits increased loss of reduced technetium species
from the cells. Such loss of label from the red cells
normally occurs and can be modeled by a two compo-
nent exponential (4). Removal of surface charge and
unmasking of interior portions of the cell membrane
due to neuraminidase treatment (/0) may be associated
with increased membrane permeability. The impor-
tance of membrane electrostatic forces in the labeling
process is suggested by the observed loss of electropho-
retic mobility of labeled RBCs. The mechanism might
be via a direct membrane effect or through changes in
the intracellular charge distribution. The residual activ-
ity that remains with the cell even when all surface
charge is removed may be attributed to technetium
bound to large molecules such as hemoglobin unaf-
fected by a change in membrane permeability.
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The decrease in efficiency of technetium RBC label-
ing associated with the loss of sialic acid residues on the
RBC surface may have clinical implications. Antigenic
sites that are revealed as the aging red cell loses surface
sialic acid lead to antibody accumulation and removal
of the cell from the circulation (/0). The loss of surface
charge with age is not large (=15%) and is accompanied
by a corresponding decrease in surface area, but it may
mean that there is a preferential *™Tc labeling of
younger cells. Decreased surface charge also is seen in
patients following stroke (/1) and acute myocardial
infarction (/7), and in patients with diabetes mellitus
(18), sickle-cell disease (19), and thalassemia (20). No
severe problems in *™Tc blood-pool imaging have been
recognized in these patient groups, but our findings
suggest that labeling efficiency in these patients may be
reduced. In addition, if it is true that alterations in RBC
membrane permeability may lead to reductions in
labeling efficiency, such alterations might represent a
generalized mechanism by which some drugs interfere
with standard red cell labeling techniques.
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