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Argyrophilic nucleolar organiser region (AgNOR)
staining in normal bone marrow cells

E P Nikicicz, D H Norback

Abstract
Fifteen normal bone marrow aspirates
were stained with the agyrophilic
nucleolar organiser region (AgNOR)
method. The results of the specific stain-
ing of AgNORs as well as nuclear and
cytoplasmic staining were analysed. A
system was devised to characterise pre-
cisely the AgNORs present in the nuclei
of bone marrow cells. Particular types of
bone marrow cells had a characteristic
AgNOR and non-AgNOR staining pat-
tern. The bone marrow cells were iden-
tified easily and reliably with AgNOR
staining and the method was especially
useful for lymphocytes, plasma cells,
erythroid cells, basophils/mast cells,
monocytes and cells containing haemo-
siderin. The immature haemopoietic
cells exhibited more and larger AgNORs
than the more mature cells.

It is concluded that AgNOR staining
can be used to study bone marrow cells
by providing additional information
when used in conjunction with conven-
tional stains.
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Nucleolar organiser regions (NORs) are loops
of chromosomal DNA which contain clusters
of ribosomal RNA genes. The silver staining
method for argyrophilic nucleolar organiser
region-associated proteins (AgNORs) has
been used to visualise NORs in chromosomes'
and nucleoli.2 The number and size of
AgNORs correlate with the level of rDNA
transcription,34 the degree of cell prolifera-
tion, evidenced by the percentage of cells in
S-phase,56 and the growth fraction deter-
mined by Ki-67 monoclonal antibody.7 The
appearance of nucleoli may be useful in deter-
mining whether a cell is in interphase, or late,
or early phases of cellular division.8
The original AgNOR method' has been

modified9 l0 and used to characterise malignant
cells in cytological preparations1-12 and his-
tological sections in a variety of tissues.""26
The AgNOR method has been applied to
analyse chromosomes from normal and leuk-
aemic bone marrow cells,27 but to our

knowledge its usefulness in the cytological
evaluation of haemopoietic cells from bone
marrow has not been assessed.

Methods
Fifteen bone marrow aspirates from the same

number of patients were examined. Aspirates

were evaluated for malignancy, thrombo-
cytopenia, and anaemia. The selected samples
were cellular, showed good maturation of the
three cell lines, contained normal numbers of
monocytes, lymphocytes, and plasma cells,
and were not malignant.

Smears dried in air were fixed in absolute
methanol for five minutes, dried using a
Whatman filter, washed in deionised water,
and dried again. The staining method
developed by Ploton et al was used.'0
Colloidal silver staining solution was prepared
by dissolving gelatine in 1% aqueous formic
acid at a concentration of 200 and mixing one
volume of this solution with two volumes of
500o silver nitrate. The method was slightly
modified by filtering the final, freshly
prepared solution (Whatman filter), placing a
few drops on a clean styrofoam, and covering
them with coverslip preparations of bone
marrow smears. After 30 minutes of staining
at room temperature under safelight condi-
tions the coverslips were washed in deionised
water, dried, and mounted. No counterstain
was used. A positive control for the staining
technique consisted of cytospin preparations
of cultured HL 60 promyelocytic leukaemia
cells.

Smears were examined with an optical
microscope under a x 100 oil immersion lens
at a total magnification of x 1000. An ocular
micrometer was used for measurements. The
number of cells examined belonging to a par-
ticular type ranged from five to 150 in each
case, depending on their abundance.
A system was devised to delineate AgNORs

in the nuclei of bone marrow cells (fig 1).
AgNORs were divided into two main groups
depending on their size, structure, and shape.
Group I structures included regular and
irregular dots. Regular dots (dots) were sub-
divided into three categories depending on
their size: small (1 gum in largest diameter),
medium (1 5 ,um), and large (2-5 ,tm). The
internal texture of regular dots was uniform-
that is, no "subdots" could be recognised.
The largest diameter of regular dots was
smaller than twice the smallest representative
diameter. The largest diameter of irregular
dots (chips) was equal to or larger than twice
the smallest diameter, with the largest
diameter not exceeding 3 gim. Chips were
flattened, asymmetrical structures, usually
made up of coalescing smaller subunits.
Group II structures, or blebs, exceeded 3

,um in size-that is, larger than group I struc-
tures-and consisted of coalesced group I
structures-that is, their internal texture was
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not uniform. Blebs, like grout

were divided into regular and
further subdivided into small a
largest diameter of regular blel
than twice their smallest diame
diameter of irregular blebs wi

exceeded twice the smallest di
blebs measured from 3-4 p

diameter and the large blebs exc

To facilitate further descripti
patterns, a system of AgNOR
was introduced (fig 1). A zero

meant the absence of AgN(
within the nucleus. A simple
described the presence of one (
tures belonging to a particular 1

nucleus with only medium dots. Simple con-

figurations were divided into simple group I
and simple group II when one type of struc-
ture belonging to either one of these groups

was present. When more than one type of
structure belonging to either group I or group

II coexisted in one cell, the configuration was

designated compound and subdivided into
compound group I and compound group II.
A complex configuration pertained to the
presence of both group I and group II struc-

tures.
^ We did not count the number of subdots

.... within individual blebs or chips because our

system of structures and configurations,
which takes into account the size of AgNORs,
obviates the need for such counts.

The AgNOR staining method also stained
other structures, such as the whole nucleus

' t) (orange-brown), the cytoplasm (yellow), cyto-

;7/ plasmic granules and inclusions (bright-
' *' yellow to dark-brown), and haemosiderin

(dark-brown to black). We considered these
10 C20 staining results to be important and evaluated

their presence and intensity, referring to them
as "non-AgNORs". The results of staining of
these structures were helpful in differentiating
some cell types and rarely interfered with the

I structures, interpretation of AgNORs.
irregular and The cells studied (tables 1 and 2) included
Lnd large. The the following categories: granulocytic series,
bs was smaller erythroid series, megakaryocytes and plate-
ter; the largest lets, lymphocytes and plasma cells, monocytic
as equal to or series and cells undergoing mitosis (not fur-
iameter. Small ther classified).
im in largest Before regular evaluation of smears the
:eeded 4 um. optimal staining time was determined. This
ion of AgNOR was found to be 30 minutes. Reaction times
configurations exceeding 40 minutes resulted in poor distinc-
configuration tion of AgNORs due to overstaining of the
)R structures nucleus and had the additional effect of stain-
configuration ing granules in promyelocytes, neutrophils,

or more struc- and eosinophils. Staining times of less than 25
type, such as a minutes produced a weak AgNOR stain.

Table 1 AgNOR staining in bone marrow cells

Per cent of cells with AgNOR
Mean number ofAgNORs per cell configuration types Per cent of cells with AgNOR structure types

All AgNORs Simple Compound
Group I + Group II Group I Group II Group Group Group Group Coi- Group II Group I

Cell type Mean (SD) Range Mean (SD) Mean (SD) Zero I II I II plex (All)LIB LRB SIB SRB (All)LD MD SD C None

Myeloblasts 3 5 (1 1) 2-6 1-6 (1 0) 1-9 (0-9) 0 0 7 0 6 87 100 0 23 7 94 87 71 29 19 0 0
Promyelocytes 3 4 (1-4) 1-6 1-6 (1-3) 18 (0-8) 0 0 19 5 9 67 95 0 24 9 77 72 33 28 1 1 24 0
Neutrophilicmyelocytes 3-8 (1 2) 1-7 3-5 (1 4) 0 3 (0-7) 0 23 2 58 0 18 20 0 0 0 20 98 61 67 31 14 0
Neutrophilic

metamyelocytes 3 3 (1 4) 1-6 3*3 (1-4) 0 0 74 0 26 0 0 0 0 0 0 0 100 20 48 63 5 0
Neutrophilic bands 0-6 (1 0) 0-3 0-6 (1-0) 0 60 37 0 2 0 0 0 0 0 0 0 40 0 4 39 0 60
Neutrophilic segmented 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
Youngeosinophils 3 5 (1-1) 1-5 3-3 (1-3) 0-2 (0-3) 0 32 0 57 0 11 11 0 0 0 11 100 29 61 43 23 0
Eosinophils 1-4 (1-2) 0-4 1-4 (1-2) 0 22 72 0 6 0 0 0 0 0 0 0 78 0 10 73 0 22
Basophils mast cells 1-8 (1-6) 0-5 1-8 (1-6) 0-05 (0-2) 31 48 0 16 0 5 5 0 0 0 5 69 0 16 53 17 31
Pronormoblasts 3-1 (1-0) 1-4 0-6 (0-8) 2-5 (0-9) 0 0 15 0 40 45 100 63 44 15 53 45 22 25 0 0 0
Basophilicnormoblasts 4-1 (1-5) 1-8 2-9 (2-2) 1-2 (1-1) 0 0 7 27 8 58 73 14 8 26 27 85 32 53 48 31 0
Poly/ortho-

chromatophilic
normoblasts 3-3 (2-0) 0-6 3-3 (2-0) 0 < 1 69 0 31 0 0 0 0 0 0 0 100 0 31 90 13 < I

Erythrocytes 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
Megakaryocytes 23-9 (14-5) 0-54 22-2 (14-4) 1-7 (1-7) 9 0 0 41 0 50 50 17 < 1 22 33 91 55 83 82 49 9
Platelets 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
Lymphocytes 1-1 (0-5) 1-5 1-1 (0-5) 0 0 87 0 13 0 0 0 0 0 0 0 100 93 5 12 0 0
Plasma cells 1-1 (0-3) 1-2 1-1 (0-3) 0 0 92 0 8 0 0 0 0 0 0 0 100 96 5 7 0 0
Young monocytes 3-7 (0-9) 2-5 3-2 (1-3) 0-6 (0-7) 0 10 0 44 0 46 46 0 0 28 18 100 80 63 26 16 0
Monocytes 3-6 (1-6) 0-7 3-6 (1-6) 0 2 27 0 71 0 0 0 0 0 0 0 98 30 81 58 19 2
Macrophages 1-9 (1-2) 2-5 1-7 (1-3) 0-2 (0-4) 0 44 12 38 0 5 17 0 0 0 17 87 55 34 29 10 0
Mitotic cells 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100

LIB = Large irregular bleb(s); LRB = Large regular bleb(s); SIB = Small irregular bleb(s); SRB Small regular bleb(s); LD = Large dot(s); MD = Medium dot(s); SD = Small dot(s);
C = Chip(s).

Figure 1 AgNOR
structures and
configurations.
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Table 2 Representative patterns ofAgNOR structures in bone marrow cells

Representative patterns

Cell type Predominant pattern(s) Range of representative patterns

Myeloblasts 2SRB + ILD (1400) 1LRB + 1SRB + ILD + 2MD,3SRB + ILD + 1MD,2SRB + ILD,
1SRB + ISIB + 1MD + 1SD, 1SRB + 2LD

Promyelocytes None 1LRB + 1SRB, 2LRB, 2SRB + ILD + 1MD, 1SRB + IC + 1SD, 1SRB
Neutrophilic myelocytes None 3SRB + 2LD, 1SRB + ILD + 1MD, 3LD + 3MD, 1MD + IC + 1SD, 3SD
Neutrophilic metamyelocytes 3SD (160o), 4SD (150o) 4LD, ILD + 1MD + 3SD, 1MD + 3SD, 2MD, 3SD
Neutrophilic bands 0 (600o), 1SD (250o) 2MD + 1SD, 1MD, 3SD, 1SD, 0
Neutrophilic segmented NAS
Young eosinophils None 2SRB + 1C,2LD + 2MD, 3MD + 2SD, 1MD + IC + lSD, 4SD
Eosinophils 1SD (340o) 2MD + 2SD, 2MD, 4SD, 1SD, 0
Basophils/mast cells 0 (31%o) 1SRB + 1MD, 2MD + IC, 4SD, 2SD, 0
Pronormoblasts None 2LIB + 1SRB + 1MD, ILIB + 2SIB, ILIB + 2SRB, 2SRB + 2LD, 1LRB
Basophilic normoblasts None ILIB + 1SRB + ILD, 1LRB + 1SRB + 2MD, 4SIB, 1SRB + 2MD + 1SD,

2MD + 2SD
Poly/ortho-chromatophilic
normoblasts 3SD (20°0),4SD (150o) ILD + IC, 3MD + 2C + 1SD, 1MD + 4SD, 5SD, 1SD

Erythrocytes NAS
Megakaryocytes None 3LIB + 2SIB + 13C,2LIB + 3SIB + 1SRB + IOLD + 9MD + IC + 4SD,

1SRB + 2SIB + 3LD + 8MD + 2SD,6LD + 7MD + IC + 40SD,
4LD + 8MD, 0

Platelets NAS
Lymphocytes ILD (810o) 2LD, ILD + 1SD, 2MD, 1MD + 1SD, 3SD
Plasma cells ILD (880o) 2LD, ILD + 1MD, ILD + 1SD, ILD, 1MD + 1SD
Young monocytes None ISIB + ILD + 1MD + 1SD, 2SRB + IC + 1MD, ISRB + ILD,

2LD + 2MD + 1SD, ILD + 2MD
Monocytes 1MD + 3SD (90o) 3LD + 2MD + 2SD, ILD + 2MD + 3SD, 1MD + 3SD, 4MD + 1C, 4SD, 0

IMD + IC + 2SD (80o)
ILD + 1MD (7°0)
4MD (700)

Macrophages ILD (3200) 1SRB + IC, lLD + 4MD, ILD, 3MD + ISD, 3SD
Mitotic cells NAS

NAS = No AgNOR structures; LIB = Large irregular bleb(s); LRB = Large regular bleb(s); SIB = Small irregular bleb(s); SRB = Small regular bleb(s);
LD = Large dot(s); MD = Medium dot(s); SD = Small dot(s); C = Chip(s).

Results
Most cell types were recognised easily by the
usual criteria-that is, the size and shape of
the cell, the size and shape of the nucleus, and
the presence and size of cytoplasmic granules.
AgNOR-associated proteins, the nucleus as a
whole, and the cytoplasm, were clearly visual-
ised with AgNOR staining. The nuclei stained
orange-brown and their contours were clearly
outlined. The cytoplasm stained yellow (pale-
yellow in most cell types) arid was also well
outlined. Particular cell types at different
levels of maturation were recognised and
information about the number, size, shape
and spatial distribution of AgNORs within
the cells was obtained. Within the nuclei of
appropriate cells clearly defined silver stained
structures were seen in all smears.
The overall results of AgNOR structures

staining are summarised in tables 1 and 2.
Table 1 presents numerical data obtained in
the study; table 2 shows the predominant
pattern(s) of AgNOR structures and a
representative range of these patterns, from
the most complex to the most simple. The

Table 3 Intensity of "non-AgNOR" nuclear and
cytoplasmic staining (cells arranged according to
increased intensity of staining)

Nuclear Cytoplasmic*

Basophil/mast cell, dividing cell Metamyelocyte, band,
segmented, monocyte

Neutrophilic series, monocyte Myelocyte, lymphocyte,
plasma cell

Eosinophil, pronormoblast, Myeloblast
basophilic normoblast Promyelocyte

Megakaryocyte Megakaryocyte
Lymphocyte, plasma cell, Polychromatophilic
macrophage normoblast

More mature erythroid cells Pronormoblast
Basophilic normoblast

*Excluding cytoplasmic granules, hemosiderin and phagocytic
vacuoles

intensity of non-AgNOR nuclear and cyto-
plasmic staining is compared in table 3.
Examples of AgNOR-stained bone marrow
cells are depicted in fig 2.

Despite the care taken, it was difficult to
eliminate the background consisting of minute
dots of precipitate. These dots did not inter-
fere with the interpretation ofAgNOR stain.

Discussion
The purpose of this study was to determine
the applicability of AgNOR staining in
differentiating normal haemopoietic bone
marrow cells and to relate the AgNOR con-
figurations to the level of cell maturity.
The immature cell types contained more

AgNORs and a higher percentage of complex
configurations and group II structures than
the more mature cells. With the maturation of
cells there was a shift from a complex to a
simple configuration. This may be exemplified
by 87% myeloblasts and 67% promyelocytes
with a complex group I, 58% myelocytes
with a compound group I, and 74%
metamyelocytes with a simple group I con-
figuration. In erythroid series 45% pronor-
moblasts and 58% basophilic normoblasts
contained a complex configuration; 69% poly/
orthochromatophilic normoblasts possessed a
simple group I configuration. The number of
group II structures was much lower in the
more mature cells; 100% myeloblasts and
pronormoblasts manifested group II struc-
tures (blebs)-they were present in only 20%
myelocytes and absent in poly/ortho-
chromatophilic normoblasts. Neutrophilic
metamyelocytes and bands disclosed no group
II structures and segmented neutrophils
lacked AgNORs. A similar trend was seen in
monocytes and eosinophils (table 1). These
observations most likely relate to the high
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Figure 2 Bone marrow
cells: (A) pronormoblast;
(B) basophilic
normoblast; (C) polyl
orthochromatophilic
normoblast; (D)
lymphocytes; (E) plasma
cell; (F) myeloblast; (G)
promyelocyte; (H)
neutrophilic myelocyte;
(I) neutrophilic
metamyelocyte and band;
(J) segmented neutrophil;
(K) immature eosinophil;
(L) more mature
eosinophil; (M) immature
monocyte; (N) mature
monocyte; (0)
macrophage; (P) mitotic
cell; (Q) basophil/mast
cell; (R) part of a
megakaryocyte; (S)
platelets (AgNOR
stains).
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proliferative and transcriptional activity of the
immature cells and the decline in the ability to
proliferate with maturation.
A feature distinguishing immature erythroid

cells (pronormoblasts and basophilic normo-

blasts) from other cells, was the presence of
irregular blebs, particularly large irregular
blebs. This permitted easy distinction of
immature erythroid from immature granulo-
cytic cells. Large irregular blebs, present in
63% of pronormoblasts and 14% of basophilic
normoblasts, were not seen in myeloid cells.
The only other cells possessing large irregular
blebs, were megakaryocytes.

Interesting observations were made from
studying AgNOR stained megakaryocytes.
These cells exhibited the highest number of
AgNORs, with an average of 23-9 in each cell.
The number of AgNORs probably reflected
the polyploid state of these cells. A small

percentage of megakaryocytes failed to show
AgNORs. We believe that these are the more

mature megakaryocytes. Interestingly,
platelets, which are devoid ofAgNORs, stained
brown to dark-brown and were easily identi-
fiable.
A very distinctive picture was obtained for

lymphocytes and plasma cells. These cells,
with their deeply orange-brown nucleus and
pale-yellow cytoplasm, presented, for the most
part, a distinct, single large dot. In a few
instances the size of this large dot was approa-
ching that of a small bleb. In most cells the
large dot was located peripherally; only 10% of
lymphocytes and4% ofplasma cells had a more

central large dot.
In our experience the AgNOR method

stained nucleoli even if they were not apparent
in other preparations like the Wright's stain.
This was especially evident in lymphocytes,

... _ril..

.. .... . X.........
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plasma cells, and poly/orthochromatophilic
normoblasts.

Most basophils and mast cells showed a

simple group I configuration with small dots as

the predominant structure. About one third of
these cells lacked AgNORs. Granules of baso-
phils stained as small, light-brown to brown
cytoplasmic dots, which, together with a pale-
brownish nucleus, made basophils and mast

cells easily recognisable. The granules did not
obscure the nuclear contours or AgNORs.
Further studies are required, however, to
define the stages of maturation of basophils.

Because iron granules stained black,
sideroblasts and siderocytes were readily
recognised. Macrophages were easily identified
by their cytoplasm filled with black-staining
aggregates of haemosiderin and clear vacuoles.
Occasionally the nucleus was obscured by
haemosiderin. Dividing cells were immediately
identifiable by their pale orange-brown con-

densed chromatin; they did not contain
AgNORs. This should not be surprising con-

sidering that only cells in metaphase, anaphase,
and telophase are recognisable as undergoing
division and that AgNORs on acrocentric
chromosomes are probably too small to be seen

in routine preparations.
The intensity of cytoplasmic and non-

AgNOR nuclear staining varied in different cell
types and was helpful in their identification.
The granules of promyelocytes and neutro-

phils were smaller than those of eosinophils and
lacked the ability to refract light. Thus neutro-

philic promyelocytes and myelocytes could be
distinguished from immature eosinophils. The
yellow staining of cytoplasm in promyelocytes
was deeper than that in myelocytes.
This study shows that particular types of

bone marrow cells have characteristic AgNOR
and non-AgNOR staining patterns. We con-

tend that the bone marrow cells, especially
lymphocytes, plasma cells, erythroid cells,
basophils/mast cells, monocytes and cells con-

taining haemosiderin are identified easily and
reliably, and that AgNOR staining provides
additional information when used in conjunc-
tion with conventional stains. The method
should find application in evaluating normal
and diseased bone marrows. We predict that
the AgNOR method will help define cells types
and maturation level in leukaemias.
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