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Assessment of proliferative activity in leukaemic
bone marrow using the monoclonal antibody
Ki-67

D M White, A G Smith, J L Smith

Abstract
Aims-To investigate proliferative activ-
ity in leukaemic and lymphomatous bone
marrow infiltrates and to assess the feasi-
bility of transport of specimens among
institutions.
Methods-Proliferative activity in bone
marrow trephine cryosections from 99
patients with non-Hodgkin's lymphoma
(NHL), 23 patients with acute myeloid
leukaemia (AML), 11 with acute lym-
phoblastic leukaemia (ALL), and two
with acute undifferentiated leukaemia
(AUL) was investigated. Infiltration was
seen in 52 out of 99 cases ofNHL on bone
marrow cryosections. A score was
devised to assess pathological infiltrates
in bone marrow trephine cryosections
using the monoclonal antibody Ki-67.
This method of scoring gave a measure of
non-erythroid proliferative activity.
Results-Mean Ki-67 positivity in bone
marrow infiltrates in 31 low grade B cell
lymphomas (Kiel classification) was 0*3%
before and 4-7% after treatment, 16'4% in
seven high grade B cell lymphomas, and
17-8% in 12 peripheral T cell lymphomas.
In 48 cases of NHL, bone marrow
cryosections had not been infiltrated, and
in all but one case the percentage ofKi-67
positive cells in normal marrow was less
than 3%; the remaining case showed
coexistent myelodysplasia and 8% bone
marrow Ki-67 positivity. In eight cases of
common ALL at diagnosis, the mean Ki-
67 positivity in marrow cryosections was
24-9%, significantly higher than the 2-4%
Ki-67 positivity seen in AML (p < 0.05).
One of the two cases of common ALL
with less than 1% Ki-67 positivity was
refractory to treatment.
Conclusions-Proliferative activity of
erythroid elements in the bone marrow
varies greatly. Immunostaining of bone
marrow cryosections using Ki-67 permits
accurate assessment of non-erythroid
proliferative activity in lymphomas and
leukaemia. High grade B cell lymphomas
and peripheral T cell lymphomas invad-
ing the marrow have very similar mean
proliferative activities. Such levels of
proliferation are of the same order as
those seen in common ALL, but much
higher than those seen in AML.

(7 Clin Pathol 1994;47:209-213)

Proliferative activity in marrow can predict

remission and length of remission in acute
leukaemia, yet no data on the proliferation
rate in trephine biopsy specimens are being
collected on patients entering current trials.'2
Proliferation in lymph nodes also seems to
be of prognostic value in non-Hodgkin's
lymphoma (NHL).3 Many techniques for
assessing proliferation exist: these include triti-
ated thymidine autoradiography, flow cyto-
fluorimetry to determine the 2n-4n cell
percentage, and bromodeoxyuridine (BrdU)
preincubation with anti-BrdU staining and
transferrin receptor analysis. Tritiated thymi-
dine use involves lengthy cell incubation and
the use of radioisotopes; the BrdU method
also involves incubation of cell suspensions
and, like thymidine methods, may over-
estimate proliferating cells caused by non-S
phase DNA synthesis and repair.4

Ki-67 is a monoclonal antibody which
labels a proliferation associated antigen
present in the nuclei of stimulated peripheral
blood lymphocytes in S, G, M, and late G,
phases of the cell cycle. It is absent in Go and
early GI phases.5 Labelling using Ki-67 gives
similar information to that provided by radio-
nucleotide uptake assays and is a more sensi-
tive method than cytofluorimetric evaluation
of 2n-4n cell%.6 Bone marrow aspirate and
trephine biopsy specimens have been com-
pared for reliability of cell kinetic analysis.78
Bone marrow aspirates were found to be
unreliable for pretreatment evaluation of pro-
liferation because of peripheral blood contam-
ination. Therefore, use of bone marrow
trephine biopsy specimens was recommended
for assessing proliferation. Bone marrow
trephines can be assessed using anti-BrdU
monoclonal antibodies but this necessitates
infusing the patient with BrdU before bone
marrow sampling.8

Methods
Bone marrow trephine material was gathered
from patients at the Royal South Hants
haematology and Cancer Research Campaign
oncology units between July 1985 and April
1988. Bone marrow trephine cryosections
from 80 patients with B cell NHL were inves-
tigated (aged 24-86 years, mean 57-5 years;
43 men, 37 women). Nineteen patients with
T cell NHL were investigated (aged 22-71
years, mean age 55-5 years; 15 men, four
women). Bone marrow cryosections from 23
patients with acute myeloid leukaemia (AML)
were tested, including 21 adults (aged 30-82
years, mean 55 years; 11 men, 10 women),
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seven in relapse, and two children aged 7
years (male) and 1-5 years (female). One male
patient aged 54 years with AML had a repeat
investigation while unresponsive to treatment.
Eight patients with common acute lym-
phoblastic leukaemia (ALL) were investi-
gated: five were adults (aged 22-71 years,
mean 40 years; three men, two women)-one
had a repeat test while unresponsive to treat-
ment-and three were children (aged 5 to 12
years, three males)-one tested in relapse.
Two patients with acute undifferentiated
leukaemia (AUL) (26 year old man and 71
year old woman), two patients with T cell
ALL (10 and 18 years, both males), and one
patient with null ALL (57 year old woman)
were also investigated.

BONE MARROW TREPHINE CRYOSECTIONING
AND STAINING
Bone marrow trephine biopsy specimens were
taken from the posterior iliac crest, divided
into two equal cylinders and the non-cortical
half placed in Histocon (No 0582, Poly-
sciences Inc. Warrington, Philadelphia,
USA), and kept at 4°C. The remaining cylin-
der was placed into buffered formaldehyde
and sent for conventional processing. The
unfixed trephine specimen was removed from
Histocon after 4-8 hours, snap-frozen in
isopentane and liquid nitrogen, and stored at
- 70°C. Methods used for cryosectioning and
alkaline phosphatase anti-alkaline phos-
phatase (APAAP) staining of frozen bone
marrow trephine biopsy specimens have been
described before.9 A negative and a positive
control were always included in each run. The
negative control was a bone marrow cryo-
section stained using a primary layer of mouse
anti-guinea pig monoclonal antibodies, and
the positive control was a tonsil section
stained using the same APAAP method.

SCORING OF INFILTRATES
To assess Ki-67 positivity in non-infiltrated

trs: ~

Figure 1 Ki-67 staining ofa routine bone marrow smear in a case ofAML at diagnosis.
The leukaemic blast on the left is completely negative while the cell in telophase on the right
is strongly positive.

marrow cryosections (positive cells were scat-
tered finely throughout the biopsy specimen),
three areas were chosen at random to assess.
A total of 500 nucleated cells were counted
(including neutrophils and megakaryocytes-
about 170 cells in each area), and the number
of positive cells divided by 5 to arrive at a per-
centage positivity. The cytoplasm in middle
and late normoblasts in marrow cryosections
was stained but nuclear staining was obscured
by the pyknotic nucleus. These cells were
counted as negative.

In marrows infiltrated by non-Hodgkin's
lymphoma, positive and negative cells were
counted in three separate areas of infiltration
(about 170 cells in each area). In leukaemic
marrows, as positive cells tended to occur in
well defined foci of proliferation (surrounded
by expanses of uniformly negative cells),
counting was again conducted in three sepa-
rate foci of proliferation (about 170 cells in
each area). All leukaemic marrows always had
more than three foci of proliferation. Only
cells with nuclear staining were counted as
positive; cells with cytoplasmic staining alone
were counted as negative.
The effect of Histocon on Ki-67 positivity

was assessed using a fresh specimen of tonsil.
Six 2 mm thick blocks were cut from the
intact biopsy specimen. One was snap frozen
immediately (positive control); the others
were immersed in Histocon at 4°C for 1, 3, 6,
18, and 24 hours, respectively, before being
snap frozen. Sections 5 ,um from each of the
six blocks were then stained using the same
method as for bone marrow cryosections, and
Ki-67 positivity was assessed by counting 500
cells in germinal centres.

Fresh routine bone marrow aspirate smears
were assessed by using acetone fixation
(five minutes at room temperature) before
three 30 minute incubations with Ki-67,
sheep anti-mouse immunoglobulin, then
APAAP complexes with intervening washes in
TRIS buffered saline. Slides were stained
using Fast Red, as used in cryosection analy-
sis. Five hundred cells were assessed for
nuclear positivity using a light microscope;
positive cells were divided into erythroid and
non-erythroid populations.

Results
EVALUATION OF METHODS
Ki-67 positivity in tonsil sections was 67% in
the positive control (no Histocon) and 66%,
74%, 73%, 85%, and 81% after 1, 3, 6, 18,
and 24 hours in Histocon, respectively.

In a single case ofAML Ki-67 positivity in a
marrow aspirate smear was compared with
Ki-67 positivity in a trephine biopsy specimen
taken at the same time. In the marrow
cryosection less than 1% Ki-67 positivity was
seen. Total Ki-67 positivity in the marrow
smear (where nuclear positivity of erythroid
cells could clearly be visualised) was 2l7%;
this comprised 2-2% erythroid cells and 0 5%
non-erythroid cells (fig 1). Blast cells were
easily picked out, and most were negative. In
the cryosection, Fast Red staining of erythroid
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Figure 2 Proliferation in
bone marrow cryosections
from patients with non-
Hodgkin's lymphoma
asessed using the
monoclonal antibody
Ki-67.
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cell nuclei was obscured by haematoxylin
staining of the condensed chromatin.
Bone marrow aspirates were also investi-

gated in seven normal marrows taken from
patients with lymphoma. Ki-67 positive cells
were again split into erythroid and non-
erythroid subsets. The results are shown in
the table. Mean erythroid Ki-67 positivity was
5-2% but ranged widely (0-15-5%). Mean
non-erythroid Ki-67 positivity was 2-2% and
had a narrower range (0 2-6 8%).

Percentage Ki-67 positivity in normal bone marrow
aspirates taken from seven NHL patients

Case No Total Ki-67% Erythroid Non-erythroid

1 59 5-3 0-6
2 0-2 0 0-2
3 7-9 5-3 26
4 5-4 30 2-4
5 13-1 6-3 6-8
6 17-5 15-5 2-5
7 1-5 1.0 05

Average 7 4 5-2 2-2
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Figure 3 Ki-67 staining ofa bone marrow trephine cryosection from a patient with newly
diagnosed common ALL. Over 50% ofleukaemic blasts are strongly positive.

Normal marrow
Bone marrow cryosections were investigated
in 47 patients with NHL at diagnosis, without
bone marrow disease (41 B cell NHL, five
with peripheral T cell lymphoma (PTCL), two
with mycosis fungoides). Less than 1% Ki-67
positivity was seen in 43 of 47 marrow cryo-
sections. The remaining four cases had 1%,
2%, 4%, and 8% Ki-67 positive cells: the 8%
positivity occurred in a case with known
myelodysplasia.

Non-Hodgkin's lymphoma
All cases of lymphoma in this study were clas-
sified into B or T cell NHL on the basis of
immunohistological results. In 40 cases of B
cell NHL bone marrow infiltration was
present. These comprised 33 low grade lym-
phomas (16 centroblastic-centrocytic (CB-
CC) lymphomas, 14 lymphocytic lymphomas,
two centrocytic lymphomas, and one lympho-
plasmacytic lymphoma) and seven high grade
lymphomas (three lymphoblastic, two pleo-
morphic large cell, one immunoblastic, and
one centroblastic). In the low grade lym-
phomas, 21 cases before treatment had a
mean Ki-67 positivity within marrow infil-
trates of 0 3% (range 0-4%) and 12 cases
after treatment a mean Ki-67 positivity of
4-7% (range 0-19%). In high grade B cell
lymphomas mean Ki-67 positivity was 16-4%
(range 0-60%). Of the four high grade B cell
lymphomas at diagnosis, the two cases with
less than 1% Ki-67 positivity both showed
pleomorphic large cell morphology. The
results are shown in fig 2.
One case, a 33 year old man with CB-CC

follicular lymphoma, seven years after the
original diagnosis, was investigated before and
after purged autologous bone marrow trans-
plantation (BMT). Before BMT, paratrabec-
ular bone marrow infiltration was seen,
containing less than 1% Ki-67 positive cells.
Six months after BMT paratrabecular infiltra-
tion was still present, with a Ki-67 positivity
of 2%. Seven months later, however, marrow
had been completely replaced by a diffuse
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(1) At diagnosis Ki-67 positive cells in the marrow aspirate
(2) At relapse (where Fast Red staining of erythroid nuclei
(3) Refractory to treatment could clearly be seen) were divided into ery-

throid and non-erythroid positive cells then
the non-erythroid Ki-67 positivity of 0 5%
corresponded very closely to the less than 1%
Ki-67 positivity seen in bone marrow cryosec-
tions. Ki-67 positivity measured in bone mar-

t -e-- + ,- row trephine cryosections in this study can
(1) (1) (1) (2) (3), (1) therefore be regarded as non-erythroid prolif-
IALL T ALL AML AUL erative activity. Erythroid Ki-67 positivity

varies widely in normal marrows (table),
12 16 7 1 2 therefore the assessment of non-erythroid

45 24 7.6 65 proliferative activity in bone marrow trephine
biopsy specimens may be more informative
when assessing interstitial infiltrates such as

Figure 4 Proliferation in bone marrow cryosections from patients with acute leukaemia
assessed using the monoclonal antibody Ki-67.

infiltrate of lymphoma cells possessing 19%
Ki-67 positivity.

Twelve cases of PTCL had bone marrow

infiltration (histology was extremely varied in
this group) and the mean Ki-67 positivity in
the bone marrow infiltrates was 17-8% (range
0-62%).

Acute leukaemia
Thirty six patients with acute leukaemia were

investigated, 23 with AML (seven at relapse),
eight with common ALL (one at relapse), two
with T cell ALL, one with null cell ALL, and
two with AUL. In common ALL at diagnosis
(fig 3), Ki-67 positivity ranged from 0-60%,
with a mean value of 24-9%, significantly
higher (p < 0-05) than the mean Ki-67 posi-
tivity of 2-4% seen in AML at diagnosis
(range 0-25%). In AML at relapse, Ki-67
positivity ranged from 0-36% (mean 7 6%).
Ki-67 positivity results in T cell ALL were 0%
and 9%, null cell ALL 5%, and AUL 1% and
12% (fig 4). In common ALL only two of
seven cases at diagnosis had less than 1% Ki-
67 positivity; one of these two cases was

refractory to ALL induction chemotherapy
and this same case, when investigated during
progressive disease, again had less than 1%
marrow Ki-67 positivity. In the five cases of
common ALL at diagnosis with more than 10%
marrow Ki-67 positivity, positive cells tended
to occur in well defined foci surrounded by
sheets of uniformly negative blasts.

Discussion
Immersion in Histocon at 4°C for up to
six hours did not affect the subsequent stain-
ing of biopsy specimens with Ki-67. After 18
or 24 hours of immersion however, there was a

slight increase in Ki-67 staining. Transport of
bone marrow trephine biopsy specimens for
subsequent staining with Ki-67 is therefore
feasible.

Ki-67 staining in routine marrow aspirate
smears and bone marrow cryosections was

compared in a single case ofAML at diagnosis.
In bone marrow cryosections the red APAAP
staining of erythroid cell nuclei was obscured
by haematoxylin stain; these cells were there-
fore counted as Ki-67 negative when scoring. If

leukaemia.
In 1988 Campana and Janossy analysed

10 bone marrow aspirates from normal adults.
Total Ki-67 positivity in these Ficoll-Hypaque
separated marrows was 19-8 (+ 2-7)%.10
These cells included proliferating erythroid
and myeloid elements. Our studies of seven
unmanipulated marrow aspirates gave a mean
Ki-67 positivity of 7-4%. Our lower figure is
likely to have been due to inclusion of neu-
trophils and metamyelocytes in the cell popu-
lation under study. The lower Ki-67 positivity
seen in our analysis of normal bone marrow
cryosections was likely to have been due to a
combination of counting neutrophils and
metamyelocytes in the differential and the fact
that erythroid positivity was obscured.

In our study of low grade B cell lymphomas
bone marrow infiltrates had a mean of 1-7%
Ki-67 positivity. The only other similar report
found a mean Ki-67 activity of 6% in marrow
biopsy specimens from patients with chronic
lymphocytic leukaemia, but it was not clear
whether erythroid positivity was included in
this figure." This same report examined bone
marrow infiltrate Ki-67 positivity in four cases
of CB lymphoma and found a mean of 50%.
Our only case of CB lymphoma in the marrow
showed 21% Ki-67 positivity. Only two cases
with PTCL infiltrates in marrow biopsy speci-
mens have been assessed for proliferation
before, but these contained 20% and 30% Ki-
67 positive cells." The mean Ki-67 positivity
in our 12 cases was 17-8%.

In acute leukaemia at diagnosis we found
that proliferative activity in common ALL
(24-9% mean Ki-67 positivity) was signifi-
cantly higher than in AML (2-4% mean Ki-67
positivity). These results were similar to the
mean Ki-67 positivity in common ALL of
31% found by Falini et al and 15-5% Ki-67
positivity found by Campana and Janossy in
1988 (the latter study contained some null
cell ALL cases).'10" Proliferative activity in
normal pre-B cells is known to peak at 82%
Ki-67 positivity, much higher than the levels
generally seen in ALL.'0

Proliferative activity has been found to be
an independent prognostic factor correlated
with the duration of remission in childhood
ALL and is independent of the white cell
count."213 In AML high proliferative activity is
associated with an increased rate of,' 214 but
shorter duration of, remission.' 2 15 In patients
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with AML treated with high dose cytosine
arabinoside alone, no remissions occurred in
patients with a tritiated thymidine labelling
index of less than 6%, but with combined
cytosine arabinoside and anthracycline treat-
ment, attainment of remission was indepen-
dent of leukaemic cell cycle characteristics.16

Attainment and duration of remission in
acute leukaemia have been shown in many
studies to be closely associated with prolifera-
tive activity in the marrow and the type of
chemotherapy received. Bone marrow
trephine biopsy specimens are superior to
aspirates in accurately assessing proliferation
due to lack of peripheral blood contamina-
tion. Therefore, the collection and investiga-
tion of such material before entry into current
clinical trials would seem justified.

This paper was supported by grants from the Leukaemia
Research Fund of Great Britain and the Wessex Cancer Trust.
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