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Summary. Ultrastructural localization of myeloperoxidase (MPO) in the granules of human circulating
neutrophils was examined by cryosection. On careful
comparison with the morphological characteristics of the
granules by conventional transmission electron
microscopic study, large MPO-positive granules were
divided into five types by immunocryoultramicrotomy
using monoclonal antibody. Double staining of M P 0 and
lactoferrin (or lysozyme) was also performed. Lactoferrin was generally detected in MPO-negative granules.
Lysozyme immunostaining was present in MPO-positive
and -negative granules. These data may suggest different
functions among large MPO-positive granules of human
circulating neutrophils.
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Introduction

The granules of circulating normal human neutrophil
are generally classified into two groups at light or
electron microscopic level; azurophil (or primary) and
specific (or secondary) granules (Breton-Gorius, 1966;
Bainton and Farquhar, 1966). The former are
characterized by the presence of myeloperoxidase
(MPO) whose messenger-RNA is mainly detected at the
promyelocytic stage and the absence of lactoferrin (Lf)
(Fouret et al., 1989). On the other hand, the latter, which
are smaller, contain Lf whose messenger-RNA is mainly
detected at the metamyelocytic stage, but not M P 0
(Fouret et al., 1989). Lysozyme (Ly) is contained in both
types of granules (Cramer and Breton-Gorius, 1987).
Therefore, the detection of intragranular MPO, Lf or Ly
is important in order to distinguish neutrophilic granules.
By electron microscopy, primary granules are
recognized to be heterogeneous in electron density, size
Offprint requests to: Dr. Nagahito Saito, M.D., Ph.D., Third Department
of Internal Medicine, Hokkaido University School of Medicine, Kita-15,
Nishi-7, Kita-ku, Sapporo, Hokkaido, Japan

and shape (Ackerman and Clark, 1971). In general, the
ultrastructural localization of M P 0 has been performed
employing a cytochemical technique (Graham and
Karnovksy, 1966). However, using this technique, the
homogeneous chemical product induced by the
cytochemical reaction makes it difficult to identify
intragranular structure. Moreover, it is not easy to
precisely pinpoint which granules observed by
conventional transmission electron microscopy are M P 0
positive (MPO+). To overcome these disadvantages, an
ultrastructural immunogold staining, by which the
structure can still be observed even after positive
reaction for detecting intragranular proteins, has been
developed. Intragranular proteins are immunologically
detected by several post-embedding immunogold
staining methods, in which fixed cells are embedded in
medium such as Lowicryl K4M (Valentino et al., 1985),
LR White (Esaguy et al., 1989) or glycol methacrylate
(Cramer et al., 1985). However, few monoclonal
antibodies show good staining using these postembedding techniques because of loss of antigenicity
during fixation, embedding and staining. Using
cryosections, this shortcoming has been overcome by a
new technique known as immunocryoultramicrotomy by
which the antigenicity is retained and the subcellular
structure can be observed (Saito et al., 1992).
In this study, we observe the ultrastructural
characteristics of MPO+ granules of circulating normal
human neutrophils by means of immunocryoultramicrotomy. The double stainings by M P 0 and Lf (MP0
Ly, Lf and Ly) are also performed.
Materials and methods
Preparation of cells for immunocryoultramicrotomy

Peripheral blood cells of the buffy coat from 8
normal volunteers were used for immunocryoultramicrotomy as previously reported (Saito et al., 1992). Briefly,
the cells were fixed in a mixture of 0.5% glutaraldehyde,
2% paraformaldehyde and 0.32% picric acid in 0.05M
phosphate buffer (pH 7.4) containing 1.5% sucrose for

