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SUMMARY The distribution of an epitope of the transferrin receptor in the human uterine cervical
epithelium has been investigated. Immunohistochemical staining, both immunofluorescent and
immunoperoxidase, was performed on biopsy specimens and cytological samples from normal,
dysplastic, and neoplastic cervical epithelia using the monoclonal OKT9 antibody. The results of
staining 145 cervical biopsy specimens with OKT9 showed widespread staining in all malignant
epithelia and most severely dysplastic epithelia. No such staining was seen in either normal
epithelia or in mildly dysplastic epithelia apart from the staining of the basal cell layer in some
normal epithelia. The incidence of staining in the 50 cervical cytocentrifuge preparations was not
as high as that in the 145 tissue sections.
The potential role of the OKT9 antibody in both the screening of cervical cytocentrifuge

preparations and the prediction of malignancy is discussed. The antibody is considered to be of
more value in the examination of biopsy material than of cytocentrifuge preparations.

The monoclonal antibody OKT9, raised against
human leukaemia cells, recognises an epitope of the
transferrin receptor.' This receptor is thought to
have an essential role in the transport of iron across
the cell membrane and has been detected on cells
which have a large iron requirement such as
reticulocytes and placental syncytiotrophoblast.23 In
addition to this the receptor has a widespread dis-
tribution on transformed human cell lines4 and an
association with cell proliferation and activation.5'
The transferrin receptor has been found on breast
cancer cells 9 and antitransferrin receptor antibody
inhibits human tumour cell growth in mice.'0 This
work on proliferating and malignant cells encour-
aged us to investigate the distribution of the trans-
ferrin receptor in the human uterine cervix. In this
study biopsy specimens and cytological samples
from normal, dysplastic, and malignant epithelia
were examined using the OKT9 antibody in
immunofluorescence and immunoperoxidase tech-
niques.
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Material and methods

IMMUNOHISTOLOGICAL REAGENTS
The three monoclonal antibodies were obtained
from Ortho Diagnostic Systems Ltd: OKT9 (recog-
nises the transferrin receptor); OKT4 (identifies
human inducer/helper T lymphocyte subclass); and
OKT8 (identifies human suppressor/cytotoxic T
lymphocyte subclass). Peroxidase and fluorescein
isothiocyanate conjugated goat antimouse IgG anti-
bodies were obtained from TCS, Slough, Bucks.
Diaminobenzidine tetrahydrochloride was obtained
from Sigma Chemical Co.

TISSUE SECTIONS (CERVICAL BIOPSY SPECIMENS)
Fresh biopsy tissue was obtained from a referral col-
poscopy clinic at Dulwich Hospital. Other fresh cer-
vical tissue was obtained from either hysterectomy
or cone biopsy specimens at King's College Hospital
or Dulwich Hospital. Placenta from normal term
pregnancies was also collected. All tissue was snap
frozen in liquid nitrogen within 1 h of collection and
stored at - 80°C before cryostat sectioning at 5 um.
The sections were air dried for 30 min and stained
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immediately by the immunofluorescence procedure
(see below).

CYTOCENTRIFUGE CELL PREPARATIONS
Cervical scrapes were taken at the colposcopy clinic,
and after preparing a smear for cytological evalua-
tion the cells were centrifuged as previously
described.'6 The slides thus prepared were stored at
-80°C before immunostaining. The technique used
therefore bears similarities to work done on cervical
cell imprints," rather than to work done on unfixed
cervical cells in suspension.'213

IMMUNOFLUORESCENCE
Immunofluorescence was performed on frozen sec-
tions of fresh cervical biopsies and normal placenta.
Sections of tissue were incubated for 60 min with
OKT9 or control antibody (OKT4, OKT8) diluted
1/20 in phosphate buffered saline (PBS). The sec-
tions were washed three times for 10 min each in
PBS and incubated for 30 min in goat antimouse
fluorescein isothiocyanate conjugate at a dilution of
1/50 in PBS. The sections were then washed three
times for 10 min each in PBS, mounted in glycerol!
PBS, and examined using a Reichert-Jung Polyvar
microscope with a 200W mercury vapour lamp, a
blue BP 455-490 incident light exciter filter, a DS
500 dichroic mirror, and a blue LP 515 barrier filter.
Adjacent sections were stained with haematoxylin
and eosin for routine histological diagnosis.

IMMUNOPEROXIDASE
Cell preparations were examined using an indirect
immunoperoxidase method. The diagnosis of cervi-
cal cytology is based largely on nuclear detail, and
immunoperoxidase is more suitable than
immunofluorescence for showing the cell nucleus in
these preparations.
The prepared slides were incubated for 60 min

with OKT9 or control antibody diluted 1/20 in Tris
buffered saline (TBS) (prepared by diluting 0 5 M
Tris/HCl buffer (pH 7.6) 1/10 in saline). The prep-
arations were washed three times for 10 min each in
TBS and incubated for 30 min in goat antimouse
peroxidase conjugate at a dilution of 1/50 in TBS.
The slides were then washed three times for 10 min
each in TBS and reacted for 5 min with diaminoben-
zidine tetrahydrochloride at 500 ug/ml in 0-2 Trisl
HCl buffer (pH 7.6) containing 0 01% (v/v) hyd-
rogen peroxide (H202). The preparations were
washed in tap water for 5 min, stained with
haematoxylin, dehydrated in alcohol, cleared in
xylene, and mounted in DPX. Endogenous peroxid-
ase is not present in the cells of the ectocervix and
therefore did not have to be blocked. Sections of
normal human placenta were also examined as con-
trols using this technique.
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Results

PLACENTAL TISSUE
By using both the immunofluorescence and the
immunoperoxidase techniques the syncytiotrophob-
last was positively labelled with OKT9. The central
core of the cytotrophoblast did not stain. This is in
agreement with the known distribution of transfer-
rin receptors in the trophoblast.2 Neither OKT4 nor
OKT8 labelled the sections.

CERVICAL BIOPSIES
OKT9 antibody was found, using the
immunofluorescence technique, on cells from dys-
plastic epithelia, carcinoma in situ, and invasive car-
cinoma. The positive staining reaction was seen
throughout the thickness of the epithelium and was
located both on the cell membrane and in the cyto-
plasm (Fig. 1). The intensity of fluorescence was not
constant and varied not only between sections from
different biopsies but also within each section of
epithelium.

Little or no staining occurred in the cells from
normal epithelia. The only staining seen was local-
ised in the basal cell layers of the epithelium and in
areas of immature squamous metaplasia. This stain-
ing was of low intensity but was uniformly distri-
buted throughout the basal cell layers.
The results of immunofluorescence labelling of

145 cervical biopsies are summarised in Table 1. All
the tumours and most of the severe dysplasias
examined showed widespread positive staining with
OKT9. Widespread staining was seen in about half
of the moderate dysplasia (20/38) and was absent
from normal epithelia. About one third of the nor-
mal epithelia (15/42) was positively stained in the
basal cell layers only. Comparison of the patterns of
staining seen in the three categories of dysplasia
suggests that there is a positive correlation between
the severity of dysplasia and the incidence of wide-
spread positivity.

CYTOCENTRIFUGE CELL PREPARATIONS
The OKT9 antibody was located using the
immunoperoxidase technique on malignant and
dyskaryotic cells (Fig. 2). Positive staining was dis-
tributed on the cell membrane of intact cells and was
visible both on the surface of the cell and as a rim
around the cell. No staining was seen on normal
epithelial cells.
The results of immunoperoxidase staining of 50

cytocentrifuge preparations with OKT9 are sum-
marised in Table 2. Most malignant and severely
dyskaryotic preparations contained positively
stained cells, whereas few mildly or moderately dys-
karyotic preparations were stained. All normal pre-
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Fig. 1 Immunofluorescence staining ofcervical epithelium
using OKT9 monoclonal antbody. (a) Invasive squamous
cell carcinoma. All tumour cells are intensely stained. x

200. (b) Dysplastic epithelium. All dysplastc cells are

intensely stained. x 150.
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Fig. 2 Immunoperoxidase staining ofcervical
cytocentrifuge preparations using OKT9 monoclonal
an5'body. (a) Malignant cervical squamous cells. Arrowed
cell shows strong positive staining. x 800. (b) Dyskaryotic
and normal cervical squamous cells. Arrowed dyskaryotic
cells are positively stained. Other dyskaryotic and normal
cells are unstained. x 300.
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Table 1 Immunofluorescence staining of 145 cervical biopsies with OKT9 antibody

Histological diagnosis ofsquamous epithelia Total Positive staining Negative staining Basal layer staining only

Normal, including immature squamous 42 0 27 15
metaplasia

Mild dysplasia 31 5 17 9
Moderate dysplasia 38 20 12 6
Severe dysplasia 15 13 1 1
Carcinoma in situ 12 12 0 0
Invasive carcinoma 7 7 0 0

Table 2 Immunoperoxidase staining of50 cytocentrifuge
preparations with OKT9 antibody

Cytological diagnosis Total Positive staining Negative staining

Normal 11 0 11
Mild dyskaryosis 11 1 10
Moderate dyskaryosis 10 2 8
Severe dyskaryosis 11 6 5
Malignant 7 5 2

parations were unstained. The preparations which
contained positive cells were stained in only some of
the malignant or dyskaryotic cells present.

Discussion

Widespread immunohistochemical staining with
OKT9 was seen in all sections of malignant epithelia
and most sections of severely dysplastic epithelium.
A lower incidence of staining was found in the
cytocentrifuge preparations, in which many of the
dyskaryotic and malignant cells were unstained. The
cytocentrifuge preparations differ from the biopsy
material in that they contain cells from a large area

of cervix and may include cells from severe, moder-
ate, or mild dysplasia. Although this may account
for the variation in staining of the dyskaryotic cells,
no such explanation can be given for the absence of
staining in malignant preparations.
The appearance of immunohistochemical staining

with OKT9 in the basal layers and in areas of imma-
ture squamous metaplasia in many of the epithelia
examined cannot be fully explained. Gatter et al'4
have reported a similar finding in the basal layer of
both the cervix and the epidermis. The occurrence

of the transferrin receptor in the basal layers of
squamous epithelium is in keeping with reports that
the receptor is expressed on proliferating cells.' 5. In
the present study, however, over half of the normal
and mildly dysplastic epithelia did not show staining
in these proliferating layers, which suggests that the
occurrence of the receptor in the basal layers cannot
be due exclusively to cell proliferation.
The widespread distribution of the transferrin

receptors in both dysplastic and malignant cervical
epithelia suggests that the OKT9 antibody is not a

specific marker for malignancy. The antibody does

distinguish, however, between normal cells above
the basal layer and severely dysplastic and malignant
cells, and it may therefore be possible to use OKT9
for screening cervical smears. The reduced staining
seen in the cytocentrifuge preparations, however,
sheds some doubt on such screening unless further
work on cytological preparations produces staining
comparable to that seen in the histological prepara-
tions. Screening techniques have been applied to
cervical smears,'5 but a consistent cell marker has
yet to be found.'6
The appearance of the transferrin receptor in cer-

tain dysplasias may be a reflection of an aggressive
potential of cells and may signify a role for this
marker in the prediction of malignancy. Twenty five
patients were followed by colposcopy over a period
of up to nine months to study the incidence of the
transferrin receptor. Since the histopathology of the
cervix varies gradually the duration of the study
proved to be too short for any predictive role for the
antibody to be determined. It will be necessary to
study patients over several years if any such role for
OKT9 is to be adequately investigated.

In this laboratory various antibodies (to a-
fetoprotein, human chorionic gonadotrophin, HLA
ABC, carcinoembryonic antigen, Ca antigen, and
transferrin receptor) have been applied to cervical
tissue. Of these, only OKT9 appears to distinguish
between normal and abnormal epithelial cells.
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