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To the editor:

Deuterium and neutrophil kinetics

In the July 29, 2010, issue of Blood, Pillay et al presented a novel study
on the kinetics of neutrophils in humans.1 Their study used deuterium in
heavy water to label proliferating cells in the marrow. Using a first-order
model, the authors found that the neutrophil postmitotic marrow transit
time was about 5.8 days, consistent with many other reports.2,3

Pillay and coworkers reported, however, that the normal blood
neutrophil half-life is 3.75 days.1 This estimate of the blood
neutrophil half-life is approximately 10 times longer than that
previously shown using several different methodologies.2-7 The
authors suggested that this discrepancy could indicate alteration of

Figure 1. Tracking neutrophils from bone marrow to blood, modeling
using built-in components in SAAM II. (A) Model describing the flux of
labeled neutrophils through the hematopoiesis system, using built-in
components in SAAM II. Distribution of labeled neutrophils between
marrow and blood assuming blood half-lives of (B) 3.5 days and
(C) 7.5 hours. In both cases, the model fits the specific activity in the
plasma neutrophils to published specific activity measurements for
thymidine-tagged neutrophils in circulation.2
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cells because of manipulation during exogenous labeling or
abnormal homing conditions in the previous studies.

We propose that there is an alternate interpretation of the data of
Pillay et al. The bone marrow is a delay compartment that was not
measured experimentally by Pillay et al. Using a multicompartment
model, with the pool of marrow neutrophils serving as the
precursor input for a blood plasma pool, we performed simulations
using data from Dancey et al.2 In this model, progenitor cells
incorporate label as they proliferate, and then mature in the bone
marrow before being released into the blood pool, where the
labeled granulocytes are sampled experimentally (Figure 1A).

We found that the model can be solved with many sets of rate
constants that produce similar model fits to the specific activity of
granulocytes measured in the blood. There are 2 solutions that are
particularly notable. In solution 1, the blood pool is the rate-limiting
kinetic step, and the result is a blood half-life of 3.5 days, consistent with
the results presented by Pillay et al (Figure 1B). Note that the specific
activity in the marrow rises earlier and decays faster than that in the
blood because the latter step is rate-limiting. For solution 2, if one
imposes a blood neutrophil half-life time of 7.5 hours, consistent with
literature values (Figure 1C), proliferation and differentiation of neutro-
phils through the marrow become the rate-limiting kinetic step. In this
situation, kinetics in the delay compartment are responsible for both the
lag in the first appearance of labeled neutrophils in blood and the shape
of the blood specific activity curve. Moreover, the specific activity in the
bone marrow is nearly equilibrated with that in the blood under this
solution, because the former is rate-limiting.

The authors’ published data in mice show that the 2H-enrichment of
mature neutrophils in the marrow matches well with that in the blood,
suggesting that the measured appearance of labeled cells in the blood
reflects their kinetics in the marrow. These results are consistent with
flux of labeled populations through the marrow being the dominant
kinetic step in the system. Thus, we believe that deuterium measurement
of neutrophil kinetics yields results that are, in fact, quite harmonious
with previous reports and likely reflect primarily kinetics of cellular flux
through the bone marrow compartment.
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Response

The in vivo half-life of human neutrophils

We have read the comments raised by Tofts and colleagues and Li
and colleagues with great interest. We share their surprise about our
finding that—under normal homeostatic conditions—peripheral
blood neutrophils have an average life span of 5.4 days, and we
welcome their constructive replies to this important topic.

Tofts et al correctly show that an alternative model in which
neutrophils have an infinitely short life span in the peripheral blood
provides an equally good fit to our deuterium data. However, their
model is compatible with our data only if neutrophils spend
approximately 11 days in the bone marrow after having completed
their last division in the marrow. If neutrophils were to leave the
bone marrow sooner after their last division, the whole curve
presented by Tofts et al would shift to the left and would no longer
provide a good fit to our data. We neglected the possibility
presented by Tofts et al, because in vivo data show that the delay in

the postmitotic pool is much shorter than 11 days. In one individual
included in our study, whose first measurement was taken at day 7,
deuterium-labeled neutrophils could already be found in the
peripheral blood. Also our best fits to the data presented in Table 1
of our original article suggested that the delay after the last division
in the bone marrow is at most 6 days. These estimates are
completely in line with other in vivo labeling studies of granulo-
cytes in humans under homeostatic conditions with 3H-thymidine1

(salvage pathway) or 2H-glucose2 (de novo pathway), which both
yielded a delay of granulocytes in the postmitotic pool of
6.5-7 days. Thus, although the total residence time (mitotic and
postmitotic pool) in the bone marrow may be as long as—or even
longer than—11.2 days,3 the delay in Tofts’ alternative model
(parameter b) reflects the delay after the last division in the bone
marrow, which should be much shorter.1,2
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