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In situ demonstration of tissue proliferative activity
using anti-bromo-deoxyuridine monoclonal antibody
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SUMMARY Immunohistochemical staining with anti-bromo-deoxyuridine (BrdU) monoclonal
antibody was performed on a variety ofhuman tissues following in vitro incubation with BrdU. The
effect of different fixatives and DNA denaturation techniques on the reactivity with anti-BrdU was
investigated. Optimal preservation of the antigenicity of BrdU incorporated into the DNA of
proliferating cells was seen in tissues fixed in Bouin's fluid, while samples which had been fixed with
cross-linking reagents, such as formalin, were usually unreactive. Positivity for BrdU was restored in
formalin fixed tissues after digestion with pepsin, but this was usually associated with loss of
morphological details. Acid and thermal DNA denaturation techniques gave similar results.

It is concluded that Bouin fixation followed by acid or thermal denaturation ofDNA is the method
of choice for the in situ detection of cells in S-phase using anti-BrdU monoclonal antibody.

The determination ofthe percentage ofneoplastic cells
in S-phase (labelling index) provides useful informa-
tion on the aggressiveness of individual tumours. This
has traditionally been achieved by showing the presen-
ce of 3H-thymidine by autoradiography after its
incorporation into DNA. The wide application of this
method, however, has been limited by the risk of
radiotoxicity and the time required for its completion
(at least three to six days). A more practical approach
relies on the use of monoclonal antibodies (directed
against a thymidine analogue-for example, the 5-
bromo,2'deoxyuridine (BrdU) monoclonal antibody'2
after its incorporation into the DNA of proliferating
cells.?7 This has usually been achieved by incubating
cell suspensions of neoplastic cells with BrdU."' But
this approach suffers from the drawback that the
structure of the tissue is destroyed. To overcome this
problem several authors have analysed the in situ
distribution of BrdU positive cells in mouse and
human tissues, removed after "in vivo" injection of
BrdU.'"'4 This method, however, can be used only on
selected categories of patients. This paper reports the
investigation of the suitability of an "in vitro" BrdU
incorporation method for the in situ detection of cells
in S-phase using the anti-BrdU monoclonal antibody.

Material and methods

Tissue samples were taken from untreated patients
Accepted for publication 12 January 1989

with breast carcinoma (n = 12), Hodgkin's disease
(n = 3), carcinoma of the colon (n = 6), malignant
fibrous histiocytoma (n = 1) and from three bone
marrow biopsy specimens (one multiple myeloma and
two lymphoplasmacytic immunocytomas). Samples
from normal human tonsils (n = 5) were also studied.
Part of each specimen was processed for routine
diagnosis; multiple, fresh fragments were used for
BrdU incorporation.
Each sample was minced into multiple fragments

(about 1 mm3) and placed into a-MEM (alpha
modification of Eagle's Minimum Essential Medium,
Flow Laboratories, Irvine, California, USA) contain-
ing 20 pM 5-fluoro,2'deoxyuridine (Signa Chemicals
Co, St Louis, Missouri, USA) to block endogenous
thymidilate synthesis. After 15 minutes of incubation
at 37°C in a shaker bath 5-bromo-2'deoxyuridine
(Sigma) at a concentration of 10 MM was added and
further incubated for 60 minutes. The incorporation
was stopped by putting the tubes in ice and washing
the samples in cold Tris-HCI buffer (TBS 0-05M,
pH 7.4).

After incubation about 30-32 fragments were
randomly fixed in four different solutions (seven to
eight fragments for each fixative): (1) buffered
formalin for four hours; (2) Bouin's solution for two
hours; (3) Zenker-acetic acid for six hours; and
(4) B5 for two to four hours. After fixation the samples
were put into 70% ethanol and then embedded in
paraffin wax. Tissue sections were cut at 5 pm,
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Use ofanti-BrdU to detect tissue proliferative activity

deparaffinised through graded alcohols, and
rehydrated with TBS before being immunostaiined.

Sections fixed in Bouin's solution and formalin were
digested at different pepsin concentrations (0 05 and
0 5 mg/ml) as previously described by Shutte et al."5 All
digestions were performed at 37°C for five minutes.

DNA DENATURATION
Three different denaturation methods were used, with
a slight modification of the procedure proposed by
Dolbeare et al 16:

1 Acid denaturation: sections were incubated with 2N
HCI for 30 minutes at room temperature and then
washed in distilled water and TBS.
2 Basic denaturation: tissue sections were incubated
for 60 seconds with 0-07M NaOH at room
temperature and then washed in distilled water and
TBS.
3 Thermal denaturation: sections were treated with
01M HCI for 15 minutes and then washed in TBS.
Incubation with 50% N,N-dimethylformamide in
TBS was performed in a heated oven at 70°C for 45
minutes. All sections were then washed in distilled
water and TBS.

IMMUNOSTAINING WITH ANTI-BRDU
Endogenous peroxidase activity was blocked by
incubation in methanol containing 0 3% H202 for 30
minutes; DNA denaturation was then performed. The
slides were incubated for one hour with anti-BrdU
(Becton Dickinson, Mountain View, California, USA)
diluted 1/20-about 5 pg IgG final concentration-in
TBS containing 1% bovine serum albumin (BSA) and
0 5% Tween 20. The next step was incubation with
biotin-conjugated rabbit anti-mouse IgG (Vector
Laboratories, Burlingame, California, USA) for 30
minutes followed by avidin-biotin peroxidase con-

jugation (Vector Laboratories) for 45 minutes. After
two washes in TBS the antibody binding sites were
visualised by reaction with filtered diaminobenzidine
(0-5 mg/ml) in TBS containing 0 7% H202. Slides were

821
counterstained in Harris-Mayer's haematoxylin for 15
seconds and mounted in Eukitt.

Because the inhibition of endogenous peroxidase is
not easy to obtain in bone marrow samples, the
APAAP procedure'" was used to assess the percentage
of cells in S-phase in the three bone marrow trephine
biopsy specimens.

DOUBLE IMMUNOENZYMATIC STAINING
Double staining was performed on breast tissue using
a sequential staining procedure.'8 Briefly, tissue
sections from breast cancers were firstly stained by the
avidin-biotin method for BrdU and then by the
APAAP technique for cytokeratins (AEI/AE3,
Hybritech, San Diego, California, USA). Lymph node
tissue from a patient with Hodgkin's disease
was double stained for BrdU and Ki-l (CD-30)
(Dakopatts, Denmark).
The determination of the BrdU labelling index was

performed by scoring no fewer than 3000 neoplastic
cells from different fragments ofthe same tumour (at a
magnification of 1000 times). The percentage value
was obtained by dividing the number of positive cells
by the total number of cells. The different sections
could be compared for BrdU because BrdU penetra-
tion took place homogeneously on the various
surfaces ofthe fragments and the counting was limited
to the peripheral areas of the section.

Results

The results obtained by using different fixatives and
DNA denaturation methods are summarised in table
1. The strongest reactivity with anti-BrdU was
observed in tissues fixed in Bouin's solution (figs la-f).
Variable reactivity was observed in tissues fixed in B5
and Zenker-acetic acid, while those fixed in formalin
were consistently negative.
DNA denaturation methods did not influence the

results obtained with tissues fixed in Bouin's solution
and formalin, while BrdU reactivity in tissues fixed in

Table 1 Schematic representation ofanti-BrdU reactivity after differentfixation andDNA denaturation methods

Fixatives

Bouin'sfluid B 5 Zenker acetic acid Formalin

Specimen No ofcases *Acid Basic Thermal Acid Basic Thermal Acid Basic TThermal Acid Basic Thermal

Normal tonsil 5 + + + + - - +/- - +/- - - -
tBone marrow 3 + +/- + ND ND ND
Breastcarcinoma 12 + + + +/- - +/- +/- - +/-
Hodgkin's lymphoma 3 + + + +/- - +/-
Colon carcinoma 6 + +/- + +/- - +/- +/- - + / -
Malignant histiocytoma I + +/- + +/- - +/- +/- - +/ -

*DNA denaturations.
Tissue sections were scored as positive ( +: strong dark brown labelling), weak (+ /-: light brown labelling) and negative (-)
tOne case of multiple myeloma and two of lymphoplasmacytic immunocytoma
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Fig I Reactivity with anti-BrdU in
tissuesfixed in Bouin's solution

A following acid (a, c, e) and thermal
(b, d,f) DNA denaturation.

(a and b) Hodgkin's disease with
labelled Reed-Sternberg cells.
(Avidin-biotin technique.)

(c) Ductal infiltrating breast
carcinoma. (Avidin-biotin technique.)
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(d) Hyperplastic tonsil with basal
layer ofthe epidermis rich in S-phase
cells. (Avidin-biotin technique.)

(e) Double staining ofductal
infiltrating breast carcinoma: nuclear
anti-BrdUpositivity (avidin-biotin
technique) and cytoplasmic anti-
cytokeratin reactivity. (APAAP
technique.)

(f) Bone marrow infiltration by
lymphoplasmacytic immunocytoma.
Few S-phase tumour cells are present.
(APAAP technique.)(f) '.
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824 Veronese, Gambacorta, Falini
Table 2 Improvement in BrdU reactivity after pepsin digestion in tissuesfixed in Bouin'sfluid andformalin

Bouin'sfluid Formalin

Pepsin digestion
No proteolytic Pepsin digestion No proteolytic

Specimen No ofcases treatment (0-05 mg/mi) treatment 0-05 mg/ml 05 mg/ml
*Acid + + - - +

Breast carcinoma 12
Thermal + + - - +

Acid ) + + - +1/- +
Hodgkin's disease Thrm 3 + + - +3

ThermalJ + + - +-+

*DNA denaturation

B5 and Zenker-acetic acid was better following acid clearly shown by double immunohistochemical stain-
and thermal denaturation than with basic denatura- ing in a case of breast carcinoma (fig le).
tion.

Table 2 shows the effect of pepsin digestion on Discussion
mammary and lymphnode tissues. Tissues fixed in
Bouin's solution and treated with acid and thermal The results show that without proteolytic treatment,
denaturation did not show any improvement in BrdU Bouin's fluid is the optimal fixative for showing the
reactivity following pepsin digestion. In formalin- presence of BrdU positive cells in human tissues. This
fixed tissues the use of pepsin at the concentration of is prohably due to its lack of masking effects on sites
0 05 mg/ml produced weak BrdU reactivity; good reactive for BrdU. This fact may be explained by the
reactivity was reached with 05 mg/ml of pepsin combined fixative effect of the different constituents of
treatment. The preservation of morphological details, Bouin's fluid: formation of salts (picric acid);
however, was not as good as that achieved with formation of methylene cross-links between different
Bouin's fluid. functional groups (formalin); and modification of
The results obtained with anti-BrdU and Ki-67 nucleoprotein hydration state (acetic acid). In

monoclonal antibodies in 12 patients affected by contrast, formalin fixation radically changed the
breast carcinoma showed large variations in range of antigenicity of BrdU incorporated into proliferating
values (BrdU: 0-01 %-5 41%; Ki-67: 2%-73%), and cells, probably due to the masking effect of protein
for each tumour BrdU values were consistently lower cross-links. In agreement with other authors,'6 it was
than those for Ki-67 (table 3). A correlation was found that the reactivity of formalin-fixed tissues with
observed, however, between the percentage of cells anti-BrdU could be restored by pepsin digestion but
positive for BrdU and Ki-67: an increase in BrdU the cytological details were less well preserved than in
values was always associated with an increase in Ki-67 undigested sections fixed in Bouin's solution. Both
values. acid and thermal denaturations ofDNA gave optimal
The epithelial nature of BrdU positive cells was immunohistochemical staining results.

Table 3 Immunohistochemical evaluation ofproliferativefeatures in breast carcinoma

BrdU Ki-67
Positive cells Positive cells

Case No Diagnosis Menopausal state (%) (%)

I Lobular infiltrating carcinoma Post 0.01 2
2 Post 031 7
3 Post 0-42 5
4 Post 0-81 5
5 Ductal infiltrating carcinoma Post 1 30 20
6 Post 1-56 10
7 Pre 194 20
8 i Post 2-48 25
9 Medullary carcinoma Post 2-95 40
10 r Pre 3-47 43
11 Ductal infiltrating carcinoma { Pre 4-85 53
12 Post 5.41 73

*The percentage numbers represent the average value obtained by scoring seven different areas of the sections
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Use ofanti-BrdU to detect tissue proliferative activity 825
The method described offers several advantages

over the traditional BrdU "in vitro" incorporation
method in cell suspension.8"5 First, it permits the
preservation of the tissue structure and, therefore, the
recognition of the topographical distribution of
labelled cells-for example, foci of proliferating cells
in a "resting" population.

Secondly, it seems to be the only method available
for the assessment of the percentage ofcells in S-phase
when only small tissue samples are available-for
example, skin, bronchial, or gastrointestinal biopsy
specimens-or when no marrow particles can be
aspirated ("dry tap"), a common situation in
myelofibrotic or packed bone marrows.
The data also show that double immunostaining

can be performed on paraffin wax sections by using
monoclonal antibodies directed against BrdU and
epitopes of epithelial (cytokeratins) and lymphoid-
associated molecules (CD 30) resistant to fixatives.
This procedure is effective in defining the phenotype of
proliferating elements in the context of a mixed cell
population such as that found in Hodgkin's disease.

Results similar to the method described have been
achieved by in vivo infusion of BrdU followed by
tissue sampling one to five hours later.89 But, although
it has been claimed that BrdU is neither radioactive
nor myelotoxic, its use in vivo is ethically applicable
only to selected categories of patients.

Immunostaining of frozen sections with the Ki-67
monoclonal antibody'9 has proved a highly effective
method for the in situ identification of proliferating
cells in a variety of human tissues.'7 This reagent,
however, is not specific for cells in S-phase because it
recognises a proliferation-associated antigen expres-
sed in all the cell cycle phases except GO and early Gi 20
Moreover, it is only applicable to frozen sections in
which cytological details are usually poorly preserved.
The in situ method described provides comple-

mentary data to Ki-67 immunostaining: the results in
breast tumours show a linear association between
BrdU and Ki-67 positive cells. We suggest that anti-
BrdU and anti-Ki-67 monoclonal antibodies should
possibly be used in combination to achieve a better
definition of the kinetic features of individual
tumours.
The main drawback of the BrdU technique is that

nuclear labelling is only evident up to a depth of 100
gm from the cut surface: for this reason the area taken
into consideration for the score was limited to the
periphery of each section. Moreover, we did not
observe further positivity in the inner parts of the
sections, even by increasing BrdU concentration or
lengthening the incubation time. The same observa-
tions were reported by Titus et al in autoradiographic
studies with 3H-thymidine.2' In contrast, an increased
depth of 3H-thymidine labelling was obtained when

the samples were treated in hyperbaric chambers.22
In conclusion, our results indicate that it is possible

to study the percentage of cells in S-phase in human
tissues following in vitro incubation with BrdU. This
in situ identification of S-phase cells, associated with
other proliferation markers, such as Ki-67, could
provide useful information about the cell kinetics of
human tumours and could be of value in planning the
most appropriate patient management.

We thank Mrs S Piovan, Miss C Maisano, and Miss R
Dadati for their skilled technical assistance.
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