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In Vitro Immunohistochemical Localization of S-Phase Cells
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Bromodeoxyuridine, an analogue of thymidine, can be detected by means of
monoclonal antibodies and utilized as a marker of the S-phase of the cell cycle.
In vitro immunohistochemical application of the BrdUsanti-BrdU-MAb method per-
mits a quantitative assessment of the proliferative activity of a tissue as well as
the direct location of the actively replicating cells in histological sections. In this
paper, a method for the detection of the labeling index of S-phase cells in normal
and neoplastic tissues with in vitro BrdU labeling and standard immunohistochem-
ical techniques using anti-BrdU-MAb and avidin-biotin peroxidase complex is
described. We have employed this method in 47 human solid tumor samples,
including squamous cell carcinomas of head and neck and cervix uteri, adenocar-
cinomas and malignant lymphomas, and also evaluated the possible application
of the BrdU labeling index to estimate the cycling S-phase cells in neoplastic cell
populations. In our data, the in vitro labeling index varied greatly in an individual
case (356-29.2%) and from an area to an area within the same case. Squamous
cell carcinomas of the head and neck showed higher LI than those of the cervix
uteri. A case of metastatic carcinoma to the lung from ductal carcinoma of the
breast had the highest LI (29.2%), in contrast to the low LI (36%) in the primary
ductal carcinoma of breast.
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INTRODUCTION
Bromodeoxyuridine @rau)is a thymi-

dine analogue that is incorporated into nuclear DNA.
BrdU has recently been available for the study of cell
kinetics of the tumor, and the development of a
monoclonal antibody makes it possible to immuno-
histochemically visualize a population of S-phase cells
that can be expressed as the BrdU labeling index (L)
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(Gratzner, 1982, Morstyn et al., 1983). Up to now, the
evaluation of DNA synthesizing cells has mainly been
based on autoradiography. Although this technique
delivers satisfactory results, if suffers from the disad-
vantage of technical complications associated with the
use of radioactive substances (Schutte et al., 1987).

The BrdU labeling technique offers the advantage
of simple and safe handling and a comparatively short
processing time. In vitro, the immunohistochemical ap-
plication of the BrdU/anti-BrdU-MAb method of solid
tumor permits a quantitative assessment of the prolier-
ative activity of a tissue as well as the direct location
of the actively replicating cells in histological sections
(Risio et al., 1986); it also obviates risk to patients and
expense. Until now, there has been few reports on the
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immunohistochemical detection of S-phase cells in
vitro in the human biopsy specimens, using standard
ABC technique.

In this study, we have used the BrdU/anti-BrdU
method histologically,"incubating the small samples
of human tissues in vitro with a suitable quantity of
BrdU. We then applied anti-BrdU-MAD directly to the
histological sections to{display the cycling S-phase
cells with a positive anti-BrdU-MAb nucleus using
standard immunohistochemical techniques (avidin-
biotin peroxidase complex). We believe that in vitro
BrdU-labeling may become a promising new tool for
cell biologists and oncologists.

MATERIALS AND METHODS

We have examined various tumor samples from 47
patients with neoplasia (squamous cell carcinoma of
head and neck, 16 patient; squamous cell carcino-
ma of cervix uteri, 19 patients; breast carcinoma,
primary and metastatic, 1 patient, respectively;
adenocarcinoma, primary, 5 patients; malignant lym-
phoma, 5 patients). A fresh tissue is required for de-
termining LI, but it may be held in a refrigerator
overnight. Several pieces of fresh human normal or
pathological tissues, about 0.5cmx0.5¢cm in size, were
sampled. They were cut into smaller tissue blocks, not
larger than 1 mmS, and placed immediately in the vial
containing incubation medium. It is known that oxy-
genation of tissues is necessary for DNA synthesiz-
ing cells to incorporate 3H-thymidine in vitro (Steel and
Bensted, 1965). The optimal oxygen pressure was
described to be 3-4 atm (Fabricant et al., 1969). To
obtain this condition, we filled the 8-ml vial with 4ml
of incubation medium containing 10~3M BrdU and
10-5M 5-fluoro-2:deoxyuridine (FUdR), and then
plunged more than 10ml of pure oxygen into the
capped vial, using disposable syringe. For in vitro
labeling with BrdU, 10-5M FUGR is included to low-
er intracellular thymidine phosphate pools by block-
ade of thymidylate synthetase and thereby to enhance
the uptake of the BrdU (Meyer, 1982).

Slices were incubated with BrdU in the presence
of FUdR and hyperbaric oxygen for 2 hours at 37°C
with agitation. We inserted the needle of empty syringe
into the top of the vial, and allowed pressure to force
plunger up. We recorded the amount of O2 returned
and also temperature of water bath and-color of so-
lution in vial. We aspirated supernatant, and washed
tissue slices twice with Carnoy’s fixative. The tissues
were fixed in Carnoy’s fixative for 12-24 hours and
processed through paraffin. For a partial denatura-
tion of double-stranded DNA, we incubated sections
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in 95% (v/v) formamide in 0.15M trisodium citrate at
70°C for 45 minutes, and three washes in PBS, pH
75 for 5 minutes. The primary antibody (anti-BrdU)
is a mouse monoclonal (DAKO, U.S.A.).We applied
the avidin-biotin peroxidase complex technique, us-
ing the Vectastain-ABC it PK-4002 (VECTOR, US.A.).

The treatment involved the following steps:

1) Incubation of the sections with normal horse se-
rum for 30 min; 2) Incubation with anti-BrdU-MAb
(Mouse IgG1) diluted 1:20 in 0.2 M PBS buffer, pH
7.2; 3) Incubation with biotinylated horse anti-mouse
IgG1 antibody for 30 min; 4) incubation with avidin-
biotin peroxidase complex for 45 min; 5) Incubation
with 0.06% 3-3' diamino-benzidine tetrahydrochloride
(DAB) (SIGMA, US.A.) and 0.03% H202 in 0.2M PBS
buffer, pH 7.2; 6) Weak contrast staining with nuclear
fast red and light green. Dehydration, clarification and
mounting of sections were done. The treatment of
some sections with DAB alone and omittion of one
or more incubations in others were invariably negative.

The LI (labeling index), indicating S-phase cells, was
determined by calculating the percentage of BrdU-
labeled cells with respect to the total tumor cells ob-
served. A total of more than 1,000 cells from 4-6 differ-
ent microscopic fields (100x power field) of the same
tumor were counted and expressed as percent
labelled cells. When fragments were small enough to
allow the BrdU to completely pentrate, counting was
done throughout all the section; otherwise, the count-
ing was limited to the periphery of the section.

RESULT

A variety of normal and malignant tissues includ-
ing squamous cell carcinoma (head and neck, and
cervix uteri primary), adenocarcinomas (breast, gas-
tric, colon, overy and cervix uteri primary) and malig-
nant lymphomas has been studied.

The immunoperoxidase staining for BrdU was con-
fined to the nucleus. Nuclear immunostaining of S-
phase cells was mostly seen’in the superficial layers
of the tissue slices to a depth of 80-100 microns,
although occasional cases revealed BrdU-labeled
nuclei in the full-thickness of the sections.

The nuclear details and the histological relationship
of the positive BrdU cells in a neoplastic lesion, such
as cellular foci with the different kinetic activity in the
histological sections were well demonstrated.

Our results indicated that the in vitro labeling indices
were greatly variable (3.56-29.2%) from a case to a
case and from an area to an area (Table 1). Squa-
mous cell carcinomas of the head and neck showed
higher LI than those of the cervix uteri. A case of
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Table 1. BrdU Labeling Indices of the Human Neoplasms.

No. Percent LI* l_r_?-‘

Mean (range)
.

Squamous cell carcinoma

Head and neck 16 179 (46-21.4) 3

Larynx 9 1565 Brdu tissue slice capping

Tongue 4 214

Tonsil 6.2

Nasopharynx 1 46

Cervix uteri 19 10.3 (3.4-176) 5'——(|
Breast, carcinoma 1 36

Metastasis to lung 1 29.2 -— -—
Adenocarcinoma, primary o

Stomach 1 144 fixation

Colon, transverse 1 218 37°C 2hours

Cervix uteri 2 6.2 remove and washing shaking water bath
Maligg;/i{);ymphoma ; 1: : Fig. 1. Schematic drawing of in vitro BrdU labeling of hu-

man biopsy samples.

LI*: in vitro BrdU labeling index

Fig. 2. S-phase cells were distributed in the para-and basal cells in the normal stratified squamous epithelium.
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Fig. 3. Inthe squamous cel

cells in the whole thickness.

metastatic carcinoma to the lung was highest in the
LI (29.2%). In normal stratified squamous epithelium,
S-phase cells were distributed in the para-and basal
cells (Fig. 2). But in squamous cell carcinoma, the
covering neoplastic epithelium contained the disord-
erly arranged S-phase cells in the whole thickness of
the tumor epithelium (Fig. 3). The S-phase cells were
mostly confined to the periphery of the invasive tumor
nests in the well-differentiated, basaloid squamous cell
carcinoma (Fig. 4), but became disorderly arranged
in the poorly differentiated squamous cell carcinoma
(Fig. 5). There was no BrdU staining in the nuclei
showing mitotic activity. The labelled cells in adenocar-
cinomas were distributed haphazardly along the en-
tire length of tubular structures or in the sheets of
tumor cells (Fig. 6). In malignant lymphoma, several
lymphoid cells were positive (Fig. 7).

| carcinoma of larynx, the covering neoplastic epithsiium contained disorderly arranged, S-phase
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DISCUSSION

Evaluation of the proliferative activity of neoplastic
cell population is one of the most essential parameter
of the biology of neoplasms for prognostic and ther-
apeutic purposes (Risio et al., 1986). For this purpose
either autoradiography after incubation with tritiated
thymidine (Meyer and Conner, 1977) or flow cytomet-
ric measurement (Dean et al., 1982) was mainly used.
However, these techniques which lack optimal cyto-
logic resolution are rather time consuming or require
complex mathematical data processing (Tazzari et al.,
1988).

More recently, immunologic methods for measur-
ing the proliferation rates of cells have been proposed.
In particular,monoclonal antibodies which recognize
antigens expressed during the cell cycle (eg., OKT9
and Ki67) have been used in order to assess the
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Fig. 4. S-phase cells were mostly confined to the periphery of the invasive tumor nests in the well-differentiated, basaloid

squamous cell carcinoma of larynx.

growth fraction (Gerdes et al., 1984, Pileri et al., 1987).

Bromodeoxyuridine, a pyrimidine analog of thymi-
dine, may be identified in the nucleus after its incor-
poration into S-phase cells during DNA synthesis in
a culture medium by means of a monoclonal antibody
anti-bromodeoxyuridine, recently produced by Gratz-
ner (1982). Bromodeoxyuridine has also been wide-
ly used to estimate the proliferative activity of neoplastic
populations, including solid tumors, especially of brain
tumors, breast carcinomas, leukemias and lymphomas
(Hoshino et al., 1983, Meyer, 1986, Raza et al., 1985,
Danova et al., 1987). The percentage of BrdU posi-
tive elements represents a reliable determination of
the S-phase fraction in a given cell population. It has
been shown that the results obtained with this tech-
nique are comparable to those by the autoradiograph-
ic method using 3H-thymidine (Hamada, 1985, Raza
et al., 1984, Boccadoro et al., 1986); according to
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Dolberare et al. (1983), anti-BrdU-MADb is so sensi-
tive that it can recognize cells in the very early S-phase
which could not be detected by autoradiographic
method.

The BrdU/anti-BrdU-MAb method can be employed
in vivo, studying BrdU distribution in normal and ne-
oplastic cells in animals (Schutte et al., 1987) or in hu-
mans (Hoshino et al., 1983, Nagashima et al., 1987).
But in vivo studies in humans by using BrdU in-
travenously have been limited for reasons of risk to
patient and expense. The in vitro BrdU labeling tech-
nique presented here offered the advantage of sim-
ple and safe handling and a comparatively short
processing time, so that information on individual pa-
tients can be obtained within at least two days after
taking a tumor sample. It also obviates the patient’s
risk and expense. As previously reported by Sasaki
and Takahashi (1980), the in vitro labeling indices were
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Fig. 5. S-phase cells became abundant and disorderly arranged in the poorly differentiated squamous cell cancimoma or larynx.

in good agreement with the in vivolabeling indices.
Moreover, no difference was found between in vivo
and in vitro labeling in the S-phase cells in the
damaged mouse liver (Shimizu, 1987). Until now, there
has been few reports of immunohistochemical detec-
tion of S-phase cells in vitro in the human biopsy speci-
mens, by using standard ABC technique.

In our study, it is clear that an immunohistochemi-
cal study of cell kinetics can be performed on paraffin-
embedded material, as indicated in the preliminary
studies in surgical biopsies obtained from patients with
melanoma or brain tumors after prior intraoperative
intravenous infusion of BrdU (Hoshino et al., 1983).
We used the BrdU/anti-BrdU method histologically, in-
cubating small samples of human tissues in vitro with
a suitable quantity of BrdU. We then applied anti-BrdU-
MAD directly on the histological sections to display
the actively replication cells with a positive anti-BrdU-
MADb nucleus using standard immunohistochemical

techniques (avidin-biotin-peroxidase complex).

In our data, the in vitro labeling index varied great-
ly in an individual case (356-29.2%) and from an area
to an area within the same case. Squamous cell car-
cinomas of the head and neck showed higher LI than
those of the cervix uteri. A case of metastatic carci-
noma to the lung from ductal carcinoma of the breast
had the highest LI (29.2%), in contrast to the low LI
(86%) in the primary ductal carcinoma of breast.

Concerning the basis for the marked variability in
the labeling index, we have no explanation. But Mac-
Donald (1951) suggested that the cancer cells in in-
dividual cases may be endowed with inherent
proliferation activity. Data are available from the most
types of human malignancy; 4% (using 3H-thymidine
LI) for primary breast cancers, 11% for colorectal can-
cers, 13% for squamous cell carcinomas, 5% for sar-
comas and 21% for intermediate grade lymphomas;
many solid tumors in human contain at most 10% cells
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Fig. 6. The labelled cells in the serous cystadenocarcinomas of ovary were distrib

of tubular structures or in sheets of tumor cells.

that are in DNA synthesis, although the higher propor-
tions of S-phase cells are found in some rapidly grow-
ing tumors such as high grade lymphomas (Meyer,
1982, Wolberg and Ansfield, 1971). Proliferating cells
in normal bone marrow and intestinal crypts have the
values of labeling index in the ranges of 30% to 70%
and 12% to 18%, respectively. Thus, tumors do not
have a higher proportion of S-phase cells than some
normal tissues (Tannock, 1989). In our study the im-
munoperoxidase staining for BrdU was confined to
the nucleus. The nuclear immunostaining of S-phase
cells was mostly seen in the superficial layers of the
tisue slices to a depth of 80-100 micrometers, although
occasional cases revealed BrdU-labeled nuclei in the
full-thickness of the sections.

Limitation of BrdU incorporation as a distance from
the interface between the tissue and the incubation
medium was demonstrated in most cases as also
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uted haphazardly along the entire length

shown in autoradiographic studies in vitro with tritiat-
ed thymidine (Titus and Shorter, 1963). The depth of
thymidine labeling is increased by hyperbaric oxygen-
ation (Fabrikant et al., 1969) or by cold preincubation
(meyer and Conner, 1977). Gradient of labeling inten-
sity from the surface to the interior of the tissue, as
described by Meyer and Connor (1977) with autoradi-
ographic method was also found in some cases.
It also offers the advantage of studying, in a neoplas-
tic lesion, cellular foci with the different kinetic activity
in the histological sections and directly correlating
these with standard histological and cytological mor-
phologic parameters. In our study, the S-phase cells
were distributed in the para-and basal cells in normal
stratified squamous epithelium, but became abundant
and disorderly distributed throughout the entire thick-
ness of the covering neoplastic epithelium in squa-
mous cell carcinoma. In the well-differentiated,
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basaloid squamous cell carcinoma, S-phase cells
were mostly confined to the periphery of the invasive
tumor nests, but became more abundant and disord-
erly arranged in the poorly differentiated squamous
cell carcinoma. There was no BrdU staining in the
nuclei showing a mitotic activity. The labelled cells in
adenocarcinomas were distributed haphazardly along
the entire length of tubular structures or in the sheets
of tumor cells. In malignant lymphoma, several lym-
phoid cells were positive.

Most procedures for the identification of BrdU la-
beled cells are based on the use of monoclonal anti-
body that recognize BrdU in single stranded DNA.
The limitation of the immunochemical techniques is
variability when different cell types are compared. We
considered the variability to be due to differences in
chromatin structure affecting the denaturation of DNA
required for making BrdU accessible to the antibod-
ies. In order to expose the binding sites for the anti-

.

Fig. 7. In malignant lymphoma, several lymphoid cells were positive.
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bodies, in situ denaturation of cellular DNA is needed
prior to immune reaction (Schutte et al., 1987). In the
initial paper on immunocytochemical detection of S-
phase cells by Gratzner et al. (1982), acid denatura-
tion of DNA was used. An alternative technique, based
on thermal denaturation of DNA. appeared to yield
more intense immunostaining (Dolbeare et al., 1985).

With this technique, cell kinetic studies of human
solid tumors after an in vitro labeling procedure can
be performed, provide important information related
to the optimal scheduling chemotherapeutic or radi-
otherapeutic treatment.
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