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Blood samples obtained from one patient were
fixed in buffered osmium tetroxide, embedded in
methacrylate, and examined under the electron
microscope.
Phase contrast microscopy revealed the centrosome to be optically less dense than the surrounding cytoplasm (Figs. 1, 3). Spherical mitochondria tended to be localized near the well
circumscribed cytocentrum. In the living leukemic
interphase cells, the centrioles, although slightly
smaller than the mitochondria, exhibited similar
optical density (Figs. 1, 3). Centrioles were observed to move slowly within the centrosomal zone.
The centrioles and centrosome did not stain with
either neutral red or Janus green in supravital
films. Electron microscopy confirmed the presence
of centrioles in the clear zone or centrosome located within the nuclear hof (Fig. 2). The centrosome tended to be surrounded by Golgi membranes and vesicles, contained few ribosomes, and
possessed fewer small protein-like particles than
the surrounding cytoplasm.
Histochemically, the centrioles exhibited slight
basophilia removable by ribonuclease digestion.
They revealed a weak periodic acid-Schiff (salivaresistant) reaction, were slightly sudanophilic and
Fast green-positive, colored very lightly following
reactions for protein-bound amino groups and
sulfhydryls, and gave negative reactions for
histidine and indole derivatives as well as esterase,
aminopeptidase, alkaline phosphatase, and peroxidase activity. The histochemical reactivity of
the centrioles with Sudan black, Fast green,
sulfhydryls, and protein-bound amino groups was
less intense than the coloration of the mitochondria
in these cells. The centrosome exhibited only a
faint trace of basophilia (ribonuclease-labile) and
appeared unstained with the other histochemical
methods employed. Centrosomes observed in both
normal and leukemic blood and bone marrow
cells from other individuals exhibited similar
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Recent studies have provided considerable information concerning the morphology and fine
structure of the centrioles and centrosome (4, 6,
12). Although little is known of the chemical composition of these structures, histochemical evidence
indicates that they are composed of basic protein,
ribonucleoprotein, and glycoprotein (7, 17); the
centrosome or astrosome accumulates sulfhydryls
during mitosis (13). It is the purpose of this study
to examine the histochemical composition of the
centrioles and centrosome observed in human
leukemic myeloblasts during interphase.
Leukemic myeloblasts observed from two patients with acute myeloblastic leukemia exhibited
exceptionally prominent centrosomes and readily
identifiable centrioles. Usually, the positive recognition of centrioles either in normal or leukemic
cells of the blood and bone marrow is difficult or
impossible and cytoplasmic granules or mitochondria residing in close proximity to the centrosome may be mistaken for centrioles.
Vital and supravital (neutral red and Janus
green) films were examined with brightfield and
phase contrast microscopy. The following histochemical procedures were carried out on blood
films after appropriate fixation: Wright's stain and
ribonuclease digestion for pentosenucleoprotein
(2); Fast green FCF at pH 2 for basic protein (16);
Weiss, Tsou, and Seligman's method for proteinbound amino groups (18); Landing and Hall's
method for histidine (14); Glenner's post coupled
benzilidine method for indole derivatives (tryptophane) (10); Barrnett and Seligman's method for
protein-bound sulfhydryl groups (3, 5), the periodic acid-Schiff method for glycoproteins and
salivary digestion for glycogen (2), Sudan black B
for lipids (2), naphthol AS-MX phosphate method
for alkaline phosphatase (8), naphthol AS-D
chloro-acetate method for esterase (15), Burstone's
method for alanyl aminopeptidase (1, 9) and
Graham's method for peroxidase activity (11).

histochemical reactivity; however, as previously
indicated, absolute recognition of centrioles in
these cells has not been possible. It was frequently
necessary to use phase microscopy to localize the
centrosome a n d centrioles a n d change to brightfield microscopy in order to d e t e r m i n e w h e t h e r

SUMMARY

These histochemical studies indicate that centrioles
observed in the h u m a n leukemic interphase myeloblasts are composed of basic a n d sulfur-containing
proteins associated with pentosenucleic acid, phospholipid, and polysaccharide. T h e centrosome of

FIGURE 1

Phase contrast microscopy of a living leukemic
myeloblast showing numerous mitochondria in the
deeply basophilie cytoplasm. Arrow indicates the
clear spherical centrosome with visible centrioles
located in the nuclear hof. X 2,600.
FIGURE 0

Electron micrograph showing the Golgi membranes surrounding the centrosome. Arrow indicates a centriole within the centrosome. Note the
paucity of ribosomes and less dense small particles
within the eentrosome as compared with the surrounding cytoplasm; several Golgi vesicles also
located wilhin the centrosome. X 14,800.
FIGURE 3
Phase contrast microscopy of a living leukemic
myeloblast with prominent centrosome and
centrioles (arrow). X 2,600.
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color was i m p a r t e d to these structures by the
histochemical reactions. Because of the minute
size a n d faint coloration exhibited by the centrioles,
photographic d o c u m e n t a t i o n of their histochemical
reactivity was unsatisfactory.
T h e following points should be considered in the
interpretation of weak or negative histochemical
reactivity of the centrioles: (a) it m a y offer a crude
index of the relative concentration or presence of
a given substance within these bodies; (b) it m a y
reflect lack of sensitivity a n d / o r specificity of the
m e t h o d at this level of observation; (c) inability to
color m a y be due to the physicochemical n a t u r e of
these structures; a n d (d) perhaps coloration m a y
result from non-specific background staining. Considerable experience at the cytological level with
blood and bone m a r r o w films, using the histochemical methods employed in this study, suggests
t h a t the faint colorations obtained represent
positive reactions r a t h e r t h a n non-specific coloration or binding. Negative histochemical reactivity,
however, does not preclude the presence of the
substances tested in either the centrosome or
centrioles.

the leukemic myeloblasts possesses less structural
protein and pentosenucleic acid than the centrioles
and cytoplasmic matrix and appears to be devoid
of stainable lipid, glycoprotein, sulfhydryls, and
hydrolytic enzyme activity, in contrast with some
of the observations reported by Stich on Cyclops
eggs (17).
This investigation was supported by Research Grant
Number H-4061 from the National Institutes of
Health£ Bethesda, Maryland.
Received for publication, July 6, 1961.
REFERENCES

B

R

I

~

F

~

O

T

E

S

719

Downloaded from http://rupress.org/jcb/article-pdf/11/3/717/1059797/717.pdf by guest on 10 April 2021

1. ACKERMAN, G. A., J. Histochem. and Cytochem.,
1960, 8, 386.
2. ACKERMAN,G. A., GRASSO,J. A., and KNOUFF,
R. A., Blood, 1960, 16, 1253.
3. ACKERMAN,G. A., and SNEeRINOel~, S. C., Lab.
Inv., 1960, 9, 356.
4. A~ANO, S., C),tologia, 1957, 22, 193.
5. BARRNETT, R. J., and SELmMAN,A. M., Science,
1952, 116, 323.

6. BESSIS, M., BRETON-GORIUS, J., and THI~RV,
J. P., Rev. Haematol., 1958, 13, 362.
7. BRACHET,J., Biochemical Cytology, New York,
Academic Press, Inc., 1957, 63.
8. BURSTONE.M. S., J. Nat. Cancer Inst., 1958, 20,
601.
9. BURSTONE, M. S., J. Nat. Cancer Inst., 1959,
23,257.
10. GL~NNER, G. G., 3". Histochem. and Cytochem,
1957, 5, 297.
11. GRAHAm, G. S., J. Med. Research, 1918, 39, 15.
12. nn HARV~N, E., and BERNHARD,W., Z. Zellforsch.,
1956, 45, 378.
13. KAWAMURA, N., and DAN, K., J. Biophysic.
and Biochem. Cytol., 1958, 4, 615.
14. LANmNG, B. H., and HALL, H. E., Stain Technol.,
1956, 31, 197.
15. MOLONEY,W. C., McPHERSON, K., and FLmOELMAN, L., J. Histochem. and Cytochem., 1960, 8,
200.
16. SCHRADER, F., and LEUCrITENBeROER, C., Exp.
Cell Research, 1950, 1, 421.
17. SxmrL H., Chromosoma, 1954, 6, 199.
18. WF.Iss, L. P., Tsou, K. C., and SEmOMAN, A. M.,
J. Histochem. and Cytochem., 1954, 2, 29.

