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SUMMARY Ultrathin sections containing Auer rods from cases of acute myeloblastic leukaemia
(AMyL) were tilted in the goniometer stage of the electron microscope and the resulting series of
electronmicrographs analysed in an optical diffractometer illuminated by laser. The results showed
that Auer rods of AMyL show a truly three dimensional crystal structure. Measurements from the
optical diffraction patterns were consistent with a monoclinic unit cell, the unit cell edge lengths a,
b, and c being 6-6 ((SD) 0 5) nm, 8-6 (0-2) nm, and 9-6 (1 0) nm, respectively; the angle between a
and c being 120 (7)°. This structure was quite distinct from the "tubular" substructure reported by
others in the Auer rods of acute promyelocytic leukaemia (APL), although it was consistent with

periodicities measured by others in Auer rods of AMyL. A complete understanding of the three
dimensional structures of Auer rods in the different types of acute myeloid leukaemia (AML) could
well prove to be of considerable diagnostic importance.
Auer rods, first observed at the beginning of the
century by light microscopy,1 are cytoplasmic inclusions found only in the leucocytes of acute myeloid
leukaemia (AML). It has been recognised for some
time that at the ultrastructural level Auer rods often
display internal periodicities2 4 and that their ultrastructure is different in acute promyelocytic leukaemia (APL) than in other subtypes of AML. 56 It
has never been formally shown, however, that Auer
rods have true three dimensional crystal structures,
and no attempt has been made to solve such structures. This paper presents the results of an initial
study to investigate the three dimensional structure of
Auer rods in acute myeloblastic leukaemia (AMyL),
and a model for the structure is proposed. Studies of
this type are important, not only to define accurately
the ultrastructural differences that are already known
to exist between the Auer rods of APL and the other
subtypes of AML, but also to show any further ultrastructural differences, which may exist between Auer
rods of the AML subtypes. Such differences would be
of considerable diagnostic importance.
Material and methods

Clinical material used in this study was obtained from
patients entered into the Medical Research Council
9th Acute Myeloid Leukaemia Trial. Aspirated bone
Accepted for publication 8 January 1986

marrow from cases of AMyL was conventionally
fixed and embedded in Spurr's resin.7 Briefly, leucocytes and marrow fragments were separated from
erythrocytes by centrifugation after layering the aspirate on a solution of Ficoll-Hypaque as described by
Swirsky et al.8 The leucocytes and marrow fragments
remaining at the interface were washed twice in 0-1 M
sodium cacodylate (pH 7.2) then fixed for one hour
at room temperature in 1% glutaraldehyde, 0-1 M
sodium cacodylate (pH 7T2). The fixed cells were
washed twice as above, post fixed in I % osmium
tetroxide, 0-1M sodium cacodylate (pH 7-2) for
15 minutes at room temperature, and washed a
further twice. Dehydration was through a graded
ethanol series followed by propylene oxide
(1,2-epoxypropane) and embedding in Spurr's resin'
to which had been added 1% silicone 200 fluid.9
Ultrathin sections were stained in uranyl acetate and
Reynolds' lead citrate.'0 Electronmicrographs were
recorded in a Zeiss EM 109 electron microscope fitted
with a goniometer stage capable of tilting the specimen through (±) 450. Periodic structures in the
micrographs were subsequently analysed in an optical
diffractometer illuminated by laser. " Optical
diffraction patterns were recorded on Ilford Pan
F 35 mm film, and the distances and relative angles of
the diffracted spots from the origin were measured
using a scale lupe to an accuracy of (0-05) mm (typically < (2-5)%) and (0.5)°. The distances were related
to the periodicities in the micrographs by comparison
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Figs. 1-3 Optical dhffiraction patterns (a) from ekctronmacrographs (b) ofAuer rod fownd in AMyL.
Figs. I and 2 show same Auer rod and differ only by tilt angle of550 about axis AB. Planes perpendicular to
axis AB remained in register with periodicity of Y8-6 nm throughout tilting procedure. Planes giving rise to
periodicity visible at C in Fig. 2b were not perpendicular to tilt axis AB, and consequently in Fig. lb this region
appears amorphous. Fig. 3 shows hexagonal pattern in Auer rodfrom a secondpatient. Scale barfor
electronmicrographs = 100 nm.
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Fig. 4 Proposed monoclinic unit cell of Auer rodsfound in
AMyL. For a crystal to be monoclinic the following must
apply, a, b, and c being unit cell edge lengths: a b c;
angle between a and b = angle between b and c = 900; angle
between a and c # 900 and by convention > 90°. In present
case b ( = 8-6 (0 2) nm) was obtained directly from
diffraction patterns; angle between a and c (= 1200 (7)0)
was obtainedfrom 600 (7)0 angle of tilt between strong
patterns shown in Figs. I and 2 (1200 = 180°-60°;
a (= 6-6 (0O5) nm) and c (= 9-6 (I-0) nmi) were calculated
from angle of tilt and observed spacings of 5-7 (0 4 nm and
8-3 (0 9) nm. Zone axis [011] is indicated.

with diffraction spots obtained under identical conditions from a graticule of known periodicity. Spacings
in the original structures were calculated from the
spacings in the micrographs, values for the
magnifications of the micrographs having first been
calculated from the corresponding electron microscope objective lens currents, using calibration data
supplied by the manufacturer.

Results
The strongest periodicity observed in Auer rods from
AMyL was 8-6 (0 2) nm, as determined by optical
diffraction from 75 electronmicrographs. Tilting the
Auer rods in the goniometer stage of the electron
microscope, so that the strong 8-6 nm periodicity
remained in register, showed two further sets of periodicities, both roughly perpendicular to the 8-6 nm
repeat and separated by 600 (7)0 of tilt. Figs. 1 and 2
show the optical diffraction patterns with the
corresponding electronmicrographs. The patterns
corresponded to spacings of 5 7 (0 4) nm (15 determinations) and 8-3 (0-9) nm (seven determinations),
respectively. Their existence showed that the structure
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was truly crystalline in three dimensions. Fig. 3 shows
a hexagonal pattern with a 6 un periodicity occasionally observed in randomly oriented Auer rods.
The measurements, which correspond to spacings
between parallel planes in the structure and the angles
at which the planes intersect, may be used to calculate
a model for the unit cell (smallest repeating unit) of
the crystal. The results were consistent with a monoclinic unit cell (Fig. 4), the lengths of the unit cell
edges (a, b, and c) being 6-6 (0-5) nm, 8-6 (0.2) nm,
and 9-6 (1 0) nm, respectively, the angle between a
and c being 1200 (7)0. The method of calculation leading to these conclusions is outlined in the legend to
Fig. 4. For a more complete description of crystallographic nomenclature and conventions reference
should be made to a standard text.12
Further work is required to refine and confirm the
above findings. The strong hexagonal diffraction patterns, however, which have occasionally been
obtained from micrographs of Auer rods in random
orientations and which show a periodicity of about 6
nm (Fig. 3), are consistent with the view in the direction of the zone axis (011] of the proposed structure

(Fig. 4).
Discussion
Showing that Auer rods in AMyL have a truly three
dimensional crystal structure should resolve some of
the conflicting reports that have arisen, in which the
Auer rods of this disease have been described as
amorphous,13 lamellar,14 or, in favourable sections,
periodic in one or two dimensions, leading to an
assumption of crystallinity in three dimensions. 14
The present study does not, of course, prove that all
Auer rods in AMyL are crystalline, but a crystalline
Auer rod is consistent with an amorphous appearance
if the section is observed in an orientation such that
none of the crystal planes lie in register. In this study
all the apparently amorphous Auer rods, which were
observed in the goniometer stage of the electron
microscope, showed periodicity in at least one direction when suitably tilted (Figs. lb and 2b).
The dimensions of the unit cell proposed here are
consistent with the observations of Tulliez and
Breton-Gorius,14 who described a two dimensional
periodicity of 8-0 nm x 6-0 nm, and agree slightly less
well with those of McDuffie,4 who reported a two
dimensional array of 9 0-10-0 nm x 6-0 nm. Bessis
and Breton-Gorius'5 observed a single periodicity of
6-0-7-5 un. All these dimensions observed in cases of
AMyL are different from those observed in the Auer
rods of APL, the apparently tubular substructure of
which has been widely reported elsewhere.3 1416 17 A
third type of Auer rod has been proposed on the basis
of the ultrastructure visible after peroxidase cyto-
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chemistry in a case of acute myeloblastic leukaemia
with giant granules,14 although here rather less is
known about the structure.
It is clear that at least two, and probably three,
different types of Auer rod have been found to be
associated with different subtypes of AML. It seems
likely, therefore, that a more complete understanding
of the three dimensional structure of Auer rods would
be of considerable diagnostic importance, as the subtypes of AML would then be readily distinguishable
in the electron microscope. This would be possible by
comparison of the periodicities visible in the Auer
rods of any particular patient with the previously
determined periodicities characteristic of the different
types of leukaemia. Furthermore, a systematic study
of the three dimensional structure of Auer rods might
well show further, as yet undiscovered, differences
between the subtypes of AML, and this would again
be of diagnostic importance.
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