Haematology and Blood Transfusion Vol. 29
Modern Trends in Human Leukemia VI

Edited by Neth, Gallo, Greaves, Janka
© Springer-Verlag Berlin Heidelberg 1985

Ultrastructural Analysis of Normal and Leukaemic Cells
by the Immunogold Method and Monoclonal Antibodies *

E. Matutes and D. Catovsky

A. Introduction

Morphological and membrane marker
analysis of the leukaemic cells are useful
for the diagnosis and classification of hu-
man leukaemias. A combination of im-
munological and electron microscope (EM)
techniques can now be carried out by using
electron-dense tracers such as colloidal
gold particles to visualise the reaction with
a monoclonal antibody (MoAb)-immu-
nogold method (IGM) [1]. Application of
this technique has allowed the characterisa-
tion of distinct T lymphocyte subpopu-
lations in normal blood {2, 3]. In this study
we analyse by this method the expression
of various lineage-specific membrane anti-
gens in normal haemopoietic precursor
cells and in blast cells from patients with
acute leukaemia and blast crisis from
chronic granulocytic leukaemia (CGL) and
myelofibrosis (MF) to see if a more precise
characterisation of the immature cells can
be made.

B. Materials and Methods

Peripheral blood and bone marrow sam-
ples from healthy donors and 16 leukaemic
patients: 9 acute leukaemias and 7 blast
crisis from CGL [3] and MF [4] were stud-
ied. Mononuclear cells were isolated by
centrifugation on Lymphoprep (Nyegaard)
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and washed twice in phosphate-buffered
saline (PBS).

I. Monoclonal Antibodies

The following MoAb were used: LICR
LON/R10 (anti-glycophorin A) against
erythroid precursors [4]; AN51, C15, C17
and J15 against platelet glycoproteins Ib,
IITa and the complex IIb/I11a [5, 6, 7]; My9
against myeloid precursors [8]; J5, anti-
cALL antigen, to identify lymphoblasts [9]
and 3C5 against myeloid and lymphoid
precursors [10].

II. Immunogold Staining

A 200-ul (5% 10° cells) volume was resus-
pended in PBS, 1% bovine serum albumin
(BSA), 0.2% sodium azide. 2% human AB se-
rum (pH 7.4) and incubated with the relevant
MoAb for 30 min at room temperature
(RT). Cells were washed twice and incubat-
ed for 1 h at RT with 40 pl goat anti-mouse
IgG conjugated to 30-nm colloidal gold
particles (Janssen Life Sciences, Beerse,
Belgium). After three washes, samples were
processed for EM analysis following stan-
dard techniques. Controls were carried out
by omitting the first layer MoAb or by us-
ing an irrelevant anti-mouse immuno-
globulin. In several instances the following
cytochemical reactions: myeloperoxidase
(MPO), acid phosphatase (AP) and platelet
peroxidase (PPO) were performed.



C. Results

I. Erythroid

A proportion of cells (22% and 23%) from
two patients (one with erythroid blast crisis
of CGL and one with erythroleukaemia)
were seen gold labelled with LICR anti-gly-
cophorin A. According to the morphologi-
cal features, various stages of cell differen-
tiation were identified in the reactive cells.
Undifferentiated blasts were seen together
with more mature cells which had specific
features (e.g. siderosomes) of the erythroid
lineage. AP activity when present, was
localised in large lysosomal granules and/
or endoplasmic reticulum (ER) in both
immature and mature erythroid cells. In
normal bone marrow, the expression of
LICR was demonstrated from proerythro-
blasts to reticulocytes and red blood cells
(Fig. 1)*. The degree of reactivity as judged
by the number of gold particles in the cell
membrane increased with cell maturation,
both in normal and leukaemic samples.

1 In Figs. 1-6, unless otherwise stated, 30-nm
colloidal gold particles conjugated to goat an-
ti-mouse IgG were used

Fig. 1. Normal bone mar-
row erythroblasts (E) re-
active with LICR anti-gly-
cophorin A and heavily la-
belled with colloidal gold
particles. Note the presence
of a reactive reticulocyte
(R) (uranyl acetate and lead
citrate stain, X 16 000)

II. Megakaryocytic

Reactivity with the various anti-platelet
MoAb was seen in cells from patients with
CGL and MF in megakaryoblastic transfor-
mation. Blast cells having a “lymphoid”
appearance (Fig. 2) in addition to cells with
features of megakaryocytic differentiation
(e.g. a-granules) and giant platelets were
identified by the gold labelling with the
several MoAb used. In the differentiated
cells, gold particles were distributed on the
cell membrane and in the open canalicular
system. The number of antigenic sites dif-
fered from one case to another, but a
stronger staining was more frequently seen
in the more mature cells and platelets.

III. Myeloid

Myeloblasts from four cases of acute leu-
kaemia (three acute myeloid leukaemia
and one mixed leukaemia—lymphoid and
myeloid) displayed a different pattern of
reactivity with the MoAb 3C5 and My9
when studied in combination with the
MPO reaction. Myeloblasts that were MPO
negative or with little MPO activity showed
strong reaction with 3C5 (Figs.3 and 4)
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3C5

and were either My9 positive or My9 nega-
tive, whereas the reactivity with My9 in-
creased in parallel to the MPO content of
the cells. Promyelocytes and myelocytes
were also seen labelled with My9. This pat-
tern was also observed in normal bone
marrow although the degree of reactivity
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Fig. 2. ANS51 gold-labelled
(arrows) megakaryoblast
from a patient with MF in
megakaryoblastic transfor-
mation. The cell shows a
“lymphoid” appearance
without identifiable
features of megakaryocytic
differentiation (uranyl ace-
tate and lead citrate stain,
X 18 000)

ANS|

Fig. 3. 3C5 reactive blast from a
patient with acute myeloid leu-
kaemia, showing MPO activity
localised in various granules (un-
stained section, X 16 000)

was lower in normal cells when compared
with the leukaemic cells.

IV. Lymphoid

Leukaemic cells from two patients with
ALL and two CGL in lymphoid blast crisis



Fig. 4. 3C5-positive (gold
labelled), MPO-negative
blast from a patient with
mixed acute leukaemia
(My+ Ly) showing a
lymphoid morphology
(uranyl acetate and lead
citrate stain, X 18 000)

3Cs

Fig.5. J5-positive (labelled with 20-nm gold
particles) (arrows) cell from a CGL-lymphoid
blast crisis. Note the presence of a J5-negative
(gold-unlabelled) myeloid cell (M) (uranyl ace-
tate and lead citrate stain, X 10 200)

were J5
labelling could be assessed in the latter dis-
ease in which the remaining myeloid cells
from the chronic phase were clearly J5
negative (Fig. 5). In normal bone marrow,
a minority of small cells having a high

positive. The specificity of the

177



nucleocytoplasmic ratio, a small nucleolus
and scattered ribosomes in the cytoplasm
were identified as gold labelled with the
MoAb J5 (Fig. 6).
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D. Conclusions

This study shows that the application of the
IGM in the analysis of normal and leu-
kaemic haemopoietic precursors is useful:

1. To establish the specificity of a par-
ticular MoAb.

2. To determine in single cells the pres-
ence of two specific markers of differen-
tiation: immunological and ultrastructural
and/or cytochemical.

3. To recognise the various stages of cell
maturation present in some acute leu-
kaemias on the basis of their membrane
phenotype and enzyme activity.

4. To characterise the different cell popu-
lations that proliferate in mixed leu-
kaemias.

5. To identify normal bone marrow
lymphoid and megakaryocytic precursors
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d Fig. 6. Normal bone mar-
r’ row cell reactive with J5
.+ (arrows). A small nucleolus
¥ and abundant ribosomes in
the cytoplasm can be seen
(uranyl acetate and lead
citrate stain, X 18 000)

J5

which appear to have “lymphoid” ul-
trastructural morphology similar to that
observed in their leukaemic counterparts.
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