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Letter to the editors
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Dear Editors,

A recent paper by Emmendorffer et al. (1990)
published in the Journal of Immunological Meth-
ods described the adaptation to a FACScan flow
cytometer (Becton Dickinson, San José, CA) in an
assay (Rothe et al., 1988; Rothe and Valet, 1990c)
for the determination of the respiratory burst ac-
tivity of neutrophils using dihydrorhodamine 123
(DHR).

Oxidation of nonfluorescent DHR to the green
fluorescent rhodamine 123 (R123) was highly
specific for respiratory burst activity as it occurred
in neutrophil subpopulations only of heterozygous
carriers of chronic granulomatous disease (e.g.,
Fig. 4 in Emmendorffer et al., 1990). The rela-
tively low yield of R123 green fluorescence in
neutrophils stimulated with phorbol 12-myristate
13-acetate (PMA) and the complete inhibition of
respiratory burst activity upon the addition of
DHR prior to stimulation with PMA are con-
tradictory to results obtained with the original
method. This inhibition of the fluorescence re-
sponse was caused by the high concentration of
N, N-dimethylformamide (DMF) (1%) used in the
modified assay.

Correspondence to: G. Valet, Max-Planck-Institut fiir Bio-
chemie, Am Klopferspitz 18a, D-8033 Martinsried, F.R.G.
(Tel.: 49(89)8578-2518; Fax: 49(89)8578-3777).

Optimal performance of the DHR assay using
a 488 nm argon laser-equipped flow cytometer is
obtained by preincubating 1 X 10® leukocytes /ml
in 5 mM Hepes-buffered saline (0.15 M NaCl, pH
7.35) for 5 min with 1 uM DHR (stock solution 1
mM in DMF, predilution ten-fold in saline) fol-
lowed by stimulation with 100 nM PMA (stock
solution 1 mM in DMF) for 20 min. This typically
results in a 170-210-fold increase of the green
fluorescence (500-540 nm) of neutrophils with no
detectable increase in lymphocyte fluorescence
(Fig. 1a). Furthermore, the kinetics of the respira-
tory burst activity can be studied and neutrophil
subpopulations with different time courses of hy-
drogen peroxide production can be observed (Fig.
2).

The high sensitivity of the DHR method be-
comes apparent when compared with the only
15-20-fold increase of 2’,7’-dichlorofluorescein
green fluorescence of neutrophils incubated with
10 pM 2’,7’-dichlorofluorescein diacetate (DCFH-
DA) (Fig. 1b) as proposed in an earlier published
method (Bass et al, 1983). Furthermore, the
DCFH-DA assay shows a significant non-specific
increase of lymphocyte fluorescence, although
lymphocytes do not express the NADPH oxidase
of phagocytic cells. The specific analysis of the
low and heterogeneous oxidative response of neu-
trophils to weak physiological stimuli such as
the bacterial peptide N-formyl-Meth-Leu-Phe is,
therefore, only possible with the DHR method
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Fig. 1. Comparison of fluorogenic substrates for the respiratory burst activity of human neutrophils. Leukocytes were preincubated
for 5 min at 37° C either with 1 uM DHR (a), 10 uM DCFH-DA (b), or 10 puM HE (c¢) followed by addition of 100 nM PMA for 20
min. The increase of the green (a,b) and red (¢) fluorescence of neutrophils is a measure of the respiratory burst activity. Increases of
lymphocyte fluorescence in the DCFH-DA assay (b) indicate a non-specific reaction as they do not correspond to respiratory burst
activity. The histograms were obtained from measurements on a FACStar P18 cell sorter using FACS /DESK software.

(Rothe and Valet, 1990b). This method proved to
be more sensitive and reliable than other clinical,
diagnostic and functional tests of the formation of
oxidative products by neutrophils such as luci-
genin- or luminol-dependent chemiluminescence,

cytochrome C reduction or nitro blue tetrazolium
reduction (Roesler et al., 1990a,b,c).

The 6-11-fold increase in the ethidium bromide
red fluorescence (above 600 nm) of PMA-stimu-
lated neutrophils preincubated with 10 pM hydro-
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Fig. 2. Kinetic measurement of the respiratory burst activity of
neutrophils incubated () with DHR alone or (b) with DHR
and PMA. Numbers indicate minutes after addition of DHR.
The histograms were obtained from measurements on a
FACScan flow cytometer using FACScan research software.

ethidine (HE) can be used as a further indicator of
respiratory burst activity (Rothe et al., 1990a).
This method is especially interesting because HE
is sensitive to oxidation by the superoxide anion
(Rothe et al., 1990a) in contrast to the oxidation
of 2’,7’-dichlorofluorescein (Bass et al., 1983) and
DHR (Rothe and Valet, 1990c) by a hydrogen
peroxide and peroxidase dependent mechanism.
We thank Paul Raju and Anna Behrends for

135

technical assistance and Dr. L.A. Herzenberg, De-
partment of Genetics, Stanford University, for
providing access to the Stanford shared FACS
facility.

References

Bass, D.A., Parce, JW., DeChatelet, L.R., Szejda, P., Seeds,
M.C. and Thomas, M. (1983) Flow cytometric studies of
oxidative product formation by neutrophils: A graded re-
sponse to membrane stimulation. J. Immunol. 130, 1910.

Emmendorffer, A. Hecht, M., Lohmann-Matthes, M.L. and
Roesler, J. (1990) A fast and easy method to determine the
production of reactive oxygen intermediates by human and
murine phagocytes using dihydrorhodamine 123. J. Im-
munol. Methods 131, 269.

Roesler, J.,, Emmendorffer, A., Elsner, J. Zeidler, C.,
Lohmann-Matthes, M.L. and Welte, K. (1990a) In vitro
functions of neutrophils induced by treatment with rh
G-CSF in severe congenital neutropenia. Eur. J. Haematol,,
in press.

Roesler, J., Hecht, M., Freihorst, J., Lohmann-Matthes, M.L.
and Emmendorffer, A. (1990b) Diagnosis of chronic
granulomatous disease and of its mode of inheritance by
dihydrorhodamine 123 and flow microcytofluorometry. Eur.
J. Pediatr., in press.

Roesler, J., Melter, M., Emmendérffer, A. Rohde, S. and
Brodehl, J. (1990c) Recurrent aphthous stomatitis of a
15-year-old carrier for X-linked cytochrome bssg negative
chronic granulomatous disease. Monatsschr. Kinderheilkd.,
in press.

Rothe, G. and Valet, G. (1990a) Flow cytometric analysis of
respiratory burst activity in phagocytes with hydroethidine
and 2’,7’-dichlorofluorescein. J. Leukocyte Biol. 47, 440.

Rothe, G. and Valet, G. (1990b) Demonstration and char-
acterization of functional heterogeneity of human neu-
trophils towards calcium-dependent stimuli. Cytometry 4
(suppl.), 95-96 [abstract 568C].

Rothe, G. and Valet, G. (1990c) Flow cytometric characteriza-
tion of oxidative processes in neutrophils and monocytes
with dihydrorhodamine 123, 2’,7’-dichlorofluorescein and
hydroethidine. In: G. Burger, M. Oberholzer and G.P.
Vooijs (Eds.), Advances in Cellular Pathology. Elsevier,
Amsterdam, in press.

Rothe, G., Oser, A. and Valet, G. (1988) Dihydrorhodamine
123: a new flow cytometric indicator for respiratory burst
activity in neutrophil granulocytes. Naturwissenschaften 75,
354.





