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ABSTRACT.

A technique using formalin-calcium pre-fixed frozen 
sections has been developed which enabled the simultaneous 
demonstration of CDla and S100 antigens using the Dako 
antibodies, monoclonal Nal/34 and polyclonal S100 and an 
avidin-biotin complex peroxidase label. A reproducible 
counting method has been described which made a direct 
comparison of these two antigens in the epithelium of human 
skin and cervix.

The Wilcoxon non-parametric test indicated no significant 
difference between the CDla and S100 counts of normal cervix 
(Z=1.02) but a difference between the seven counts showing 
minimal change papilloma virus infection (Z=2.63). A 
significant difference was shown in biopsies of normal skin 
(Z=3.37).

The same test performed upon biopsies of cervix and skin 
of patients infected with Human Immune Deficiency Virus gave 
Z-values of 5.14 and 4.17 respectively. There was no 
significant difference between the CDla counts of these 
biopsies and those of normal biopsies (cervix, Z=0.01; skin, 
Z=0.62), but a significant difference when the same comparison 
was made for the S100 counts (cervix, Z=5.17; skin, Z=2.89).
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The ratio of CDla/SlOO positivity in normal epithelium 

was found to approach unity, rising in value in cases of 
minimal change Human Papilloma Virus infection and rising 
still higher in cases of Human Immune Deficiency Virus 
infection.

The effect of subcutaneous malignant breast disease upon 
the expression of the two antigens in the overlying epithelia 
indicated a lower CDla positive count in epithelia distant 
from the tumour and a normal count above the tumour (Z=2.86). 
There was no significant difference in the S100 counts of the 
two sites (Z=0.26).

The final study used morphometric and colorimetric 
methods to support an observation previously reported in 
cytological material that the two antigens are expressed upon 
an individual Langerhans cell.
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Skin associated lymphoid tissue.
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Langerhans cell (introductory photomicrographs)

Fig 1. Photomicrograph of a section of cervical epithelium 
from an HIV infected patient stained with CDla-peroxidase. 
(Mag.X800).

Fig 2. Photomicrograph of a double-stained section of normal 
cervical epithelium. CDla antigens stained with IG5 and S100 
antigens stained with ABC-peroxidase. Mag. X800.
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CHAPTER 1.

General Introduction.

"Immunocytochemistry is the identification of a tissue 
constituent in situ by means of a specific antigen-antibody 
reaction, tagged by a microscopically visible label. Provided 
that a suitable antibody can be produced and the antigen 
preserved, there is no limit to the substances that may be 
localised in this way". (Van Norden 1983).

The Langerhans cell and epidermal surveillance.
Biesiadecki in 1868 first described wandering cells in 

human epidermis (Ferreira-Marques 1951) and similar dendritic 
cells had been previously reported in mouse and rabbit skin 
(Kollicker 1868). It was the detailed drawings and 
observations of Paul Langerhans that identified the principal 
features of the Langerhans cell in a publication entitled " On 
the Nerves of the Human Skin " (Langerhans 1868). Using the 
gold chloride technique of Julius Cohnheim he described 
dendritic nonpigmentary cells in the epidermis that he 
regarded as intrepithelial receptors for extracutaneous 
signals of the nervous system. Unfortunately this technique 
tended to be capricious and lead to variety of theories for 
the cells function. As neural elements were also demonstrated 
with the Cohnheim method it was not surprising that these 
nonpigmented dendritic cells were interpreted as being
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epidermal neural elements. This interpretation occupied 
workers for many years and has been extensively reviewed by 
Ferreira-Marques (1951) and Niebauer (1968). Unfortunately no 
direct connection has ever been demonstrated between these 
aureophilic cells and dermal nerve networks. Although Merkel 
(1875) described a separate system of epidermal cells that 
possessed similiar osmophilia to the peripheral nervous 
system, these were osmophilic nerve terminations associated 
with the Merkel cell now considered as peripheral 
mechanoreceptors.

A short communication published by Paul Langerhans in 1882, 
entitled "Correction" received minimal attention. This was a 
revision of his previous interpretation. He confessed:
" I have been obdurate... and I have not been willing to be 
converted by the findings of Mojsisovics (1875) and Merkel 
(1880). However I am now convinced by the wonderful 
preparations. . .that my cells are in no way essential for nerve 
endings."

The melanocyte theory.
Handicapped by the nature of the staining technique many 

workers suggested a relationship between Langerhans cells and 
melanocytes. Masson (1948) and Billingham (1953) argued that 
"since the branched cells in the superficial strata have never 
been seen to divide they could be effete melanocytes which 
having discharged or lost their pigment they participate in 
the general outward movement of epidermal cells to be cast off 
at the skin surface." The early attempts to relate these two
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epidermal cell populations were based on the equal numbers 
Langerhans cells to melanocytes in quinea pig ear skin and 
human vitiliginous skin.
This theory received its strongest challenge in 1961 when, 
through electron microscopy, the Birbeck granule 
(Birbeck, 1961) became an accepted marker for the cell. 
Through grafting experiments (Breathnach et al.,1968,
Wolff, 1972) it was proposed that Langerhans cells were 
mesenchymal suggesting for the first time that the epidermis 
was a mixed tissue with cells of ectodermal, neurodermal and 
mesodermal origin.

The keratinocyte theory.
Occasionally Birbeck granules have been reported in the 

cytoplasm of keratinocytes (Bell,1968). Such observations led 
to the proposal of an ontogenic relationship between 
Langerhans cells and keratinocytes (Reams & Tompkins,1973). 
This theory received very little support, for in that same 
year Silberberg announced a revolutionary hypothesis.

The Silberberg theory.
"The epidermal Langerhans cell represents the most 

peripheral outpost of our immune system concerned with delayed 
hypersensitivity" (Silberberg,1973, Juhlin & Shelly,1977b). 
Silberberg reported close apposition of mononuclear cells to 
Langerhans cells as early as 4 hrs. after topical application 
of mercuric chloride with signs of damage to some Langerhans
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cells by 48 hours. A later paper (Silberberg et al.,1976) 
investigated the possibility that Langerhans cells can take up 
antigen by passively sensitising guinea pigs to ferritin by 
lymphoid transfer. After intradermal challenge with amounts of 
ferritin as small as 5 micrograms, electron micrographs of 
ferritin containing Langerhans cells were obtained from the 
marginal sinus and cortex of draining lymph nodes. Lymph nodes 
from unchallenged normal quinea pigs rarely contained 
Langerhans cells, none of which contained ferritin.
This work indicated for the first time that Langerhans cells 
can pick up antigen in skin and from there circulate to 
draining lymph nodes; suggesting a function analogous to 
macrophages by opsonising antigen for lymphocytes both in skin 
and lymph nodes.

Skin-Associated Lymphoid Tissue (SALT).
Streilein (1983) observed that prolonged immunosuppressive 

therapy increased the risk of developing lymphoreticular and 
cutaneous malignancies. He suggested the existence of a 
cutaneous microenvironment consisting of keratinocytes, 
Langerhans cells and immunocompetent lymphocytes, which, in 
association with strategically placed lymph nodes provide skin 
with immune surveillance. He placed particular emphasis on the 
epidermotropism and perip atetic nature of the T-lymphocytes, 
a feature explored further in the next stage of the Langerhans 
cell story.
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Fig. g. Schematic representation of suggested migration 
pattern and relationship between the various subsets of 
dendritic accessory cells normally present in healthy skin and 
draining lymph system. (Taken from Bos and Kapsenberg, 1986.)
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The skin immune system (SIS).

With advances in tissue culture techniques and the 
introduction of new cell markers such as CDla and RFD1, came 
the realisation that a variety of cells have dendritic 
morphology in normal skin. Bos & Kapsenberg (1986) described 
four subpopulations of antigen presenting subsets

a. The Langerhans cells.
b. Indeterminate cells. These are found in epidermis. They 

lack Birbeck granules, and tend to be CDlc positive.
c. Veiled cells. These are found in the afferent lymph as 

large macrophage-like cells and have long actively moving 
processes.

d. Interdigitating cells. These are found in the T-cell 
areas of the lymphoid organs and are generally thought to be 
the classical and most potential antigen presenting cells of 
the group. They may be identified by the monoclonal antibody 
RFD1 (Poulter et al.,1984, Romani et al.,1989).It is unclear 
what relationship exists between these groups but they seem to 
belong to a single cell lineage, are bone marrow derived, and 
have a high expression of Major Histocompatibility Complex II 
encoded molecules.
Suggested migrational and differential characteristics are 
shown in fig.3.
Besides these dendritic cells the SIS includes keratinocytes, 
histiocytes, polymorphonuclear leucocytes, mast cells, 
vascular endothelial cells, lymphatic endothelial cells and 
the homing T-cells.
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Further advances came with the understanding of cytokines 

and the association of such substances as Interleukin 1, 
Prostaglandin D2 (Saunders et al.,1983, King & Katz, 1990) and 
epidermal thymocyte activating factor [ETAF],(Saunder et 
al.,1982), with the modulating and mediating roles 
(Choi & Saunders 1986) of the cellular components of SIS.

Ultrastructure of the Langerhans cell.
Ultrastructural studies describe Langerhans cells as 

dendritic cells with a lobulated nucleus, clear cytoplasm and 
a moderately developed Golgi apparatus. The cytoplasm contains 
microtubules and microfilaments for motility, but lacks the 
restricting influence of tonofilaments and desmosomes.

In 1961, Birbeck published the first electron micrographs 
of epidermal Langerhans cells, in which a unique cytoplasmic 
structure the Langerhans cell granule (Birbeck granule) was 
observed. It became the characteristic feature by which 
Langerhans cells are morphologically defined. The typical 
granule consists of the rod portion with a central lamella and 
a bulb portion at one end, giving a "tennis racket" 
appearance. Two conflicting hypotheses were put forward to 
explain the origin and function of these cytoplasmic granules. 
The "secretory organelle theory" suggests that they move from 
the Golgi apparatus to the cell vicinity, adhering to the cell 
membrane and expelling their contents outside the cells 
(Wolff, 1967).
The second hypothesis, "the endocytic organelle theory" 
introduced the concept that the granules originate from
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invaginations of the plasmalemma membrane. This derivation 
indicates an association with the extracellular space forming 
an "endocytic organelle" (Breathnach 1964).

In 1985, Takahashi observed that these organelles retain the 
CDla antigen after moving into the cytoplasm, suggesting an 
intra-cellular function for the granules. It was the advances 
in immuno-electronmicroscopic technique which led to the 
opinion that Birbeck granules arise from the cell plasma 
membrane and take up extracellular substances, by means of 
receptor mediated endocytosis (Ray et al.,1988,
Hanau et al.,1987). Despite this evidence the origin, the 
fate, and the function of Birbeck granules are still under 
dispute.
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Fig 4. Electron photomicrograph showing ultrastructural 
appearance of a Langerhans cell (original mag. X12,500) and a 
characteristic cytoplasmic granule (original mag. X68,400). 
[Taken from S.M. Breathnach "The Langerhans cell"].





32
Methods of identifying Langerhans cells.

There are three main types of staining technique in 
cellular pathology. There are those which use dyes to colour 
the tissue elements to be studied, those which utilise metal 
impregnation of tissue and those that are purely cytochemical 
procedures where an insoluble coloured end-product is formed 
by a chemical reaction using largely colourless reagents.

Langerhans cells can be seen in routinely prepared 
haematoxylin and eosin stained sections as clear cells in the 
lower epidermis but they require more specific methods for 
positive identification.

Metal Impregnation.
The original gold chloride method of Cohnheim was modified 

by Gairns in 1930 for the demonstration of nerve processes. 
The method consisted of placing the tissue in an aqueous 0.5% 
gold chloride solution until the whole preparation became pale 
yellow. It was reduced by light in a 2% aqueous solution of 
acetic acid. A more recent modification using gold thiomalate 
(Juhlin & Shelly 1977a) made a slight improvement, however, 
the problem of distinguishing dendritic cells from other 
neurological material still remained.

Niebauer & Wiedemann (1958) introduced an osmium iodide 
method which has been improved by the addition of zinc 
(Caorsi & Fiqueroa 1986). Useful comparative analyses of 
dendritic cell densities have been performed on epithelial
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sheets by this research team, however the earlier problems of 
melanocyte staining still cast a veil of suspicion over them.

Supravital Staining.
Szymonowicz demonstrated supravital staining of Langerhans 

cells with methylene blue (Szymonowicz 1935). Other quinone- 
imine, thiazine dyes such as the azures and toluidine blue, 
have been successful (Billingham & Medawar 1953), but despite 
their possible interaction as haptens such dyes are not 
specific, as melanocytes and nerve fibres are also 
demonstrated.

Falck (Falck et al.,1976) reported that the in vitro 
incubation of epithelia with L-dopa followed by exposure to 
gaseous formaldehyde gave a brilliant and specific 
demonstration of Langerhans cells in human normal epidermis 
when observed by fluorescence microscopy. The procedure is 
based on the capacity of these cells to take up the aminoacid 
L-dopa (as well as the catecholamines dopamine and 
noradrenaline) if exposed to this substance in vitro. A 
chemical reaction with formaldehyde transforms L-dopa into a 
strongly fluorescent molecule within the tissue. The method 
has proved useful in studies of cell distribution in normal 
and diseased skin (Uno & Hanifin 1980) and human vaginal 
epithelium (Crivellato et al.,1989).
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Enzyme Histochemistry.
The era of enzyme histochemistry started in 1939 when the 

in situ demonstration of the enzyme alkaline phosphatase was 
published by Gormori in America (Go mori, 1939) and Takamatsu 
in Japan (Takamatsu, 1939). Since those early days a wide 
range of enzymes have been successfully reported in the 
literature as being of diagnostic significance in pathology.

A number of enzymes present in Langerhans cells are 
available for histochemical demonstration. The most popular is 
the respiratory enzyme adenosine triphosphatase (ATPase) which 
is expressed strongly in Langerhans cells and to a lesser 
extent in keratinocytes and melanocytes. Current modifications 
(Robbins & Brandon, 1981) of the earliest reported method of 
Wachstein and Meisel (Bradshaw et al., 1963,
Chaker et al.,1984) have proved useful in quantifying the 
Langerhans cells in normal and abnormal epithelia
(Bergfelt et al., 1988), provided that the possible effects of
enzyme inhibitors are considered (Juhlin & Shelley>1977a). The 
best results have been obtained by staining separate epidermal 
sheets which provide a larger reaction surface than tissue 
sections (Holliday et al., 1986).

Mannosidase, like adenosine triphosphatase, is present on 
human Langerhans cells but the distribution is not as 
extensive in that only the cell bodies appear to stain. The 
technique is extremely capricious as diffusion of the enzyme 
during the long incubation period requires semi-permeable 
membrane separation.
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Other less popular enzymes include aminopeptidase which only 
seems technically applicable to guinea pig epidermis (Wolff K, 
1964), where the red staining of the leucoaminopeptidase 
reaction has some advantages over the ATPase reaction in 
autoradiography (Gschnait & Brenner,1979).

Acid phosphatases, peroxidases, nonspecific esterase and 
alkaline phosphatase have been used chiefly to demonstrate 
dendritic cells in animal tissue. However the positivity shown 
by Langerhans cells is also shown by the monocyte/macrophage 
cell lineage and for this reason has been used as an 
indication of a parallel between the two series (Sterry & 
Steigler, 1979; Berman & France 1979; Hashimoto 1971).

Immunocytochemistry.
The dynasty of immunocytochemistry began in 1941 with the 

introduction of immunofluorescence. Albert Coons at Harvard 
University, with co-workers Creech and Jones developed the 
first immuno-labelled polyclonal antiserum (Coons et al., 
1941,1955; Weller & Coons, 1954). It was used on fresh frozen 
unfixed tissue as formalin-paraffin processed material was 
generally considered to be unsuitable at that time. The 
antigen was the Type III pneumococcus and the label a 
fluorescent dye, anthracene isocyanate. Coons developed the 
important concept that it was possible to link antibodies to 
a colour label without loss of activity. In 1958 the more 
familiar fluorescein isothiocyanate (FITC) and rhodamine B 
isothiocyanates were introduced (Riggs et al.,1958), having
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been found to be more intense and easier to prepare than the 
original isocyanate reagent. The following year (1959) 
witnessed the introduction of immunocytochemistry to 
electronmicroscopy using ferritin as the label.

A major technological advance came in 1966 when Nakane and 
Pierce (Nakane et al.,1966) devised the new standard 
technique, whereby horse-radish peroxidase is linked to the 
antibody, and the eventual antibody-anti gen complex visualised 
by converting the bound peroxidase to a brown insoluble 
compound using diaminobenzidene (Graham & Karnovsky 1966). As 
before frozen sections were employed. This new 
"immunoperoxidase" reaction was soon widely adopted, being 
further refined in 1970 when Sternberger devised the 
peroxidase-anti-peroxidase (PAP) technique (Sternberger., 1970) 
which significantly increased the sensitivity of antigen 
detection. In 1974 it was shown by British scientists (Burns 
et al.,1974) that it was possible to modify the 
immunoperoxidase technique to achieve successful results with 
routinely prepared paraffin sections.

The year 1976 witnessed the introduction of monoclonal 
antibodies (Kohler & Milstein, 1975) which soon made an impact 
upon the type and number of antisera in use (Gatter et 
al.,1982, Neville et al., 1982). The following years brought 
the realisation that although these antisera were indeed 
specific for a given epitope, that epitope may be shared by a 
number of other different substances (Masson & Gatter,1987) .

Immunocytochemistry continued to develop with improved 
staining of routinely fixed material by pre-enzymatic
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treatment of sections (Huang et al.,1976), and the 
introduction of the avidin-biotin technique (Hsu et al.,1981).

The availablity of immunocytochemistry provided a 
welcomed development in the demonstration and understanding of 
Langerhans cells. They could now be visualised by monoclonal 
antibodies which recognise specific antigenic determinants on 
the surface and within the cells. The antigen that is regarded 
as specific for the Langerhan cell is the CDla marker (Fithian 
et al.,1981).

Cluster of Differentiation.
The "CD" abbreviation stands for Cluster of Differentiation 

and defines a system for classifying antigens and the 
monoclonal antibodies which recoqnise them. It was established 
at the First International Workshop on Human Leucocyte 
Differentiation Antigens in Paris in 1982. In order for an 
antigen to be defined in the CD classification system it is 
necessary for it to be recoqnised by at least two different 
antibodies and for the molecular weight of the antigen to have 
been determined. However, there are exceptions to both of 
these rules. If one antibody to an antigen is submitted to the 
Workshop and one or more antibodies of the same specificity 
have been described in the literature, a CD group may be 
established. Certain antigens such as glycolipids which cannot 
be analysed by conventional immunoprecipitation techniques may 
be assigned a CD group without biochemical data or molecular 
weight. Some laboratories, including this laboratory, use a CD 
designation to refer to an antigen such as the synonymous use
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of CD2 and the Til antigen while others use the CD number to 
indicate antibodies which define an antigen.

Further details of CD antigens and the monoclonal antibodies 
which define them can be found in the proceedings of the four 
International Workshops (Bernard et al. 1984, Reinherz et 
al.,1986, McMichael, et al., 1987, Knapp et al., 1990).

CD1 Antigens.
Five CD1 genes have been cloned (Milstein. 1989, Calabi et 

al., 1989)) which defines this group of distinct human thymic 
cell-surface antigens non-covalently attached to beta-2- 
microglobulin. To date the products of only three CD1 genes, 
CDla (McMichael, 1979), CDlb and CDlc (Amiot 1986), are 
recoqnised by monoclonal antibodies. The CD1 genes map outside 
the Major Histocompatibility Complex (MHC) in both man and 
mouse (Calabi et al.,1989) and the major homology between the 
three antigens is in the beta-2-microglobulin-binding domain 
with a significant but low relationship to the major 
histocompatibility complex class 1 and class 11 molecules 
(Martin et al., 1987). [Fig.5].
The CD1 antigen is absent when the cortical thymocytes enter 
the peripheral T-cell compartment. The CD1 antigen expressed 
by the thymocytes was characterised biochemically 
(Terholst et al.,1980) as a glycoprotein with a relative mass 
of 49,000 and associated with the beta-2-microglobulin of mass 
12,000. Since this characterisation a large number of 
monoclonal antibodies have been introduced and included by the
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International Workshops into the CD1 classification which 
identify the stage-specific cell surface markers of human 
thymocytes and peripheral lymphocytes (Reinherz et al.,1980) .

The three CD1 antigens CDla (M.Wt 49,000), CDlb (M.Wt. 
45,000) and CDlc (M.Wt 43,000) are co-expressed on cortical 
thymocytes (McMichael 1979, Amiot 1986) and have also been 
recognised on some lymphoid malignancies (Reinherz et 
al.,1980). CDla is expressed on all Langerhans cells and 
dendritic dermal cells but not on the B-lymphoid Mantel Zone 
area which encloses the germinal centres of lymph nodes and 
spleen. The CDlb group of antibodies weakly stain dermal 
dendritic cells but not the Langerhans cells or the cells of 
the Mantel Zone. CDlc is present on 10% of Langerhan cells 
and all Class 1 and Class 2 MHC. positive dermal dendritic 
cells including the Mantel Zone. The contribution of CD1 
antigen expression to Langerhan cell function is uncertain. 
Some authors suggest that they represent an immunological link 
between the Langerhan. cell and its precursors which acquire 
CD1 expression during maturation in the cutaneous environment 
(Murphy et al.,1982). The CD1 antigens appear to be part of a 
receptor site since like the HLA-DR antigens they are 
internalised by a Langerhans cell through common receptor 
mediated endocytosis and can be demonstrated in such 
organelles as the Birbeck granule (Hanau et al.,1987). 
Following this internalisation, the CDla antigens reappear 
upon the external membrane. Whether this is due to a recycling 
or an expression of stored molecules not participating in the 
original internalisation is yet to be determined. However,
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to-date an antigen presenting role for CD1 is not favoured by 

either Milstein (Cambridge UK.) or Boumsell (Paris), but there 
is some indication that they may serve as hormone receptors 
(Knapp et al.,1989).

The monoclonal antibodies 0KT6 (Fithian et al 1981, Murphy 
et al., 1981) and NAl/34 (McMichael et al., 1979), recoqnise 
different epitopes on the same membrane molecule gp.49 of the 
CDla antigen. Both are commercially available and produce 
comparable staining performances on frozen sections (personal 
observation) . For reasons of cost and availability the 
monoclonal antibody NAl/34 received preferential support for 
the studies.
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Fig. 5 An illustration to show the the similarity of 
the CDla antigen to the class 1 and class 2 major 
histocompatibility antigens.
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S100 Protein Antigens.
This protein was first synthesised by Blake Moore in 1965 

and was considered to be unique to the nervous system of 
vertebrates and some invertebrates (Yasuhisa & Toyoshi 1988). 
The protein was called 'S100 protein’ by Moore because of its 
solubility in 100% ammonium sulphate at neutral pH. It belongs 
to a family of acidic calcium binding proteins that include 
parvalbumin, calmodulin and troponin C. The S100 protein has 
a low molecular weight and amino-acid sequences which are 
highly conserved among mammals, birds, reptiles and fish 
(Moore,1965).
The S100 protein is a mixture of at least two similar 
vertebrate proteins (S100 alpha and S100 beta), each of which 
is a dimer in which the alpha and beta subunits share 
considerable homology (Isobe & Okuyama 1981) with 58% of the 
residues being identical. S100 alpha (alpha + beta chain) and 
S100 beta (beta + beta chain) are the prominent components and 
S100 ao (alpha + alpha chain) a minor constituent at about 3% 
of the total S100 protein (Isobe et al.,1982). Using 
monospecific antibodies to these subunits Takahashi 
investigated their distribution among cells of the human 
lymphoreticular system (Takahashi et al.,1984). They detected 
single alpha subunit (SlOOao) immunoreactivity in macrophages 
and blood monocytes, but not in Langerhans cells and 
indeterminate cells. In contrast single beta subunit (SlOOb) 
immunoreactivity was detected in Langerhans cells, 
indeterminate cells and histiocytosis X cells, but not in 
macrophages and blood monocytes.
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Fig. 6. An illustration to show a schematic representation of
the S100 beta subunit.
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This aspect of the S100 story provides evidence that the 

three epithelial dendritic cells are closely related to one 
another, but independent of the monocyte-macrophage system 
even though they are derived from common stem cells of bone 
marrow (Tamaki & Katz 1980). The ontogeny of S100 protein- 
positive histiocyte and lymphocytes in the human foetal 
lymphoreticular system (Akagi et al .,1989) however indicated 
differences in cell lineage of the S100 alpha and S100 beta 
positive macrophage and lymphocyte populations as early as the 
4th week. S100 protein was found at approximately seven weeks 
gestational age in developing human peripheral nerves, as in 
adult nerve expressed solely and uniformly by Schwann cells 
associated with axons. The gene encoding the beta subunit of 
S100 is on the distal half of the long arm of human chromosome 
21 and its expression in the trisome state may underly the 
neurologic disturbances that occur in Downs syndrome (Allore 
et al., 1988),

The function of S100 protein is unknown. Its presence has 
been reported in a wide range of normal and neoplastic tissues 
(Schmitt et al.,1989). It was initially detected in neural 
tissues, but has since been identified in other cells 
including melanocytes, nevocellular nevus cells, and 
chondrocytes (Nakejima et al.,1982b), as well as Langerhans 
cells and interdigitating cells (Takahashi et al.,1984). 
Recent studies on the secreted form of S100 beta suggests a 
neurotrophic activity on primary neurones and neuroblastoma 
cells (Marshak, 1990).



45
The potential value of S100 protein as a tumour cell marker 

has been recognised as a diagnostic tool in benign and
malignant conditions of breast (Egan et al.,1987), lung
(Furukawa et al.,1985), skin (Pinto 1986),lymphoid tissue
(Carboni et al.,1986) . More recently the commercial polyclonal 
antiserum has been used to demonstrate Schwann cells and 
satellite cells (but not ganglion cells) in "innervation
disorders” such as Hirschsprungs disease (Joosten et 
al.,1989). It is the polyclonal S100 antiserum that is used 
for these clinical investigations but monoclonal antibodies 
are becoming commercially available. Vanstapel in 1986 
compared the staining, on a wide range of paraffin embedded 
human tissues, of a commercial polyclonal S100 antiserum and 
two monoclonal antiserum produced in their laboratory. 
Differences were recognised between the reaction patterns of 
the two types of antisera and it was realised that the protein 
is more widespread in human tissues than previously thought. 
They questioned its value as a marker of histogenic origin of 
human tumours and suggested the levels of S100 protein 
expression may be related to the functional activity of the 
cell. With reference to the reported variations in S100 
expression by polyclonal and monoclonal antisera it may be 
relevant that these reagents were raised in different species 
(mouse and rabbit respectively). There may well be partial 
differences in the repertoire of antigenic determinants on 
S100 that are recognised by the two species. This hypothesis 
has been supported by blocking experiments. The antigenic 
determinants on the S100 protein detected by the monoclonal
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antibody appear not to be recognised by the polyclonal 
antiserum as biopsies reacting with the monoclonal antibodies 
keep this positive immunohistochemical labelling after 
preincubation with polyclonal antiserum, and monoclonal 
antibodies do not block binding of the polyclonal reagent. In 
this study and in almost all the published work that has 
investigated the expression of S100 antigens by polyclonal 
antibodies, the antisera have been raised against bovine S100 
that cross-reacts with the human protein. The production of 
these antibodies depends on the existence of epitopes that are 
shared between human and bovine forms of the S100 protein. 
Those that are not shared with the species in which the 
antibody is raised, due to animal tolerance to these 
determinants, must increase the likelihood that the antibodies 
produced in different species will differ in their reactivity 
patterns. An additional factor that may explain the unique 
behaviour of S100 ant is era may be related to the 
conformational change in the molecule due to the calcium- 
binding function of the S100 protein (Calissano, 1973). It is 
possible that an antigenic site detected by an antibody may 
become inaccessible after calcium binding.

There has also been criticism that immunoreactive S100 can 
show marked variability among biopsies. This variation may 
conceivably reflect differences in antigenic denaturation 
occurring during tissue processing.
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Behavioural Studies on S100 Protein.
Studies of S100 protein during development, regardless of 

the species, have shown that the period when S100 begins to 
increase is also the time when a number of the specific 
functions of the nervous system appear, late in development, 
after morphological development appears to have reached 
maturity (Zomzely-Neurath & Walker. 1980).

There are many studies that link S100 protein with a role 
in learning and memory (Hyden et al.,1970). They first 
reported a change in the level of the protein in nerve cells 
of the hippocampus during a reversal of handedness task. They 
considered that the increased level of S100, as well as that 
of two other protein fractions (designated as brain-specific), 
were specifically related to the learning process and not 
merely an expression of sustained motor and sensory 
activities. Hyden and his coinvestigators also found that 
intraventricular injections of anti-SlOO serum led to a 
decrease in learning ability, whereas anti-serum adsorbed to 
S100 protein had no effect on the learning task (Hyden, 197.6).

Other Less-specific Antigens used for the Demonstration
of Langerhans Cells.

Vimentin antigen.
Further evidence that Langerhans cells are of mesenchymal 

origin is shown by the use of vimentin as a marker for their 
non-specific demonstration (De Waal et al., 1984, Ramaekers et 
al., 1983, Loening et al., 1982). Vimentin belongs to a family
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of cytoskeletal differentiation related proteins known as 
intermediate filaments which exist in virtually all eukaryotic 
cells (Osborn et al., 1981). They were first described during 
early electron microscopic studies of cellular structure and 
are found to be intermediate (vimentin lOnm) in diameter 
between microtubules (tubulin 25nm.) and microfilaments (actin 
7nm, myosin 15nm.) . They have only recently been recognized as 
a family of dynamic intracellular elements.

There are five classes of chemically and antigenically 
distinct intermediate filament proteins whose expression is 
related to the embryogenises of the cells (Lazarides, 1982). 
Cytokeratin filaments are expressed by epithelial cells, 
vimentin in cells of mesodermal and neuroectodermal origin, 
desmin is found in myogenic cells, and glial fibrillary acidic 
proteins and neurofilaments are expressed by cells of 
neuroectodermal origin. Although the expression of 
intermediate filaments appears to be developmentally 
regulated, their function is not known. They are thought to be 
possibly involved in maintenance of cellular support, cell 
motility, organisation, interactions and regulation of 
cellular events (Lazarides 1982).

Class II antigens.
The HLA-D antigens are encoded for on the short arm of the 

human sixth chromosome (Bodmer, 1987). In normal human 
epidermis, these antigens have been considered to be highly 
specific markers for Langerhans cells (Hammerling et al., 
1975, Sontheimer et al., 1986). Since 1975 there has been
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controversy as to whether la antigens are also present within 
keratinocytes. This confusion was resolved by Rowden (1977) 
and Klareskog (1977) who reported that only Langerhans cells 
express cell surface la antigens. During the following years 
a series of studies resulted in the demonstration that 
Langerhans cells were capable of presenting antigen to primed, 
syngeneic T lymphocytes and of stimulating allogeneic 
lymphocytes to proliferate in vitro (Stingl et al 1978). 
Although Langerhans cells constitutively express HLA-DR 
molecules little was known about the expression of the other 
HLA-D region molecules until Sontheimer (1986) clearly showed 
that all 0KT6 positive resting human epidermal Langerhans 
cells express HLA-DR, -DQ and -DP gene products. Recent work 
has suggested the HLA-DR carry the main determinants that 
trigger the primary mixed lymphocyte reaction, the HLA-DQ 
molecules might play an important role in the presentation of 
nominal antigens to autologous T-Lymphocytes (Nunez et 
al.,1984) whilst the HLA-DP subregion may act as a stimulatory 
antigens in the secondary mixed lymphocyte reaction (Shaw et 
al., 1980).

The use of HLA-D antigen expression as a marker for 
Langerhans cells has made a greater impact on cultured 
epithelial cells than on tissue sections. In epidermal cell 
suspensions positive cells with dendritic processes outnumber 
0KT6 positive cells with dendritic processes (Dezutter- 
Dambuyant et al., 1984), whereas in tissue sections the 
reverse is seen (Harrist et al., 1983) . The discrepancy may be



due to the trypsinisation technique, employed to dissociate 
the epidermal cells, that can uncover additional DR-antigen 
sites. Considering the wide choice among available HLA 
antisera and the variation in reports (Drijkoningen et 
al.,1988) the use of such markers are probably more 
significant as indicators of sub-populations of dendritic 
cells than as specific markers for Langerhans cells (Barrett 
et al.,1991).

Fc and C3 antigens.
Neither of these antigens have been demonstrated 

successfully on Langerhans cells in tissue section, however Fc 
receptors have been demonstrated by means of rosette assays 
and immunofluorescence labelling methods (Berman et al., 1980, 
Rowden et al., 1977).

CD4 antigens.
Several investigators have described variable reactivity 

by Langerhans cells to CD4 antisera (Matthews et al., 1984). 
It was reported that gamma interferon and prostaglandins E2 
which regulate HLA-DR and DQ expression, also regulate CD4 
expression on gingival Langerhans cells. (Walsh et al.,1987).
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General Principles of Morphometry.

Morphometry was first introduced into pathology 80 years 
ago (Herbert,1906) as a response to doubts about qualitative 
findings and the need to correlate changes in morphology with 
function. However it has only come of age over the past 25 
years.

Stereology is a branch of morphometry which uses 
mathematics to represent size, shape and numbers of objects of 
interest in the original three dimensional structure from 
profiles seen in the flat image of the histological section. 
Many of the stereological formulae are also based on the 
assumption that the objects under study are randomly 
distributed, and also that sectioning is random in orientation 
and position. Biological structures such as epithelia are 
highly organised structurally, and in mathematical terms are 
extremely anisotropic. A proper three dimensional 
stereological analysis therefore requires allowance for the 
orientation of the measured structures. This can be achieved 
by cutting the tissue both parallel and perpendicular to the 
main axis of the orientated structure. In deciding whether to 
use full stereological analysis with all the constraints and 
additional requirements it imposes rather than a simpler 
morphometric approach, the nature and importance of the extra 
information to be gained has to be judged. Stereological 
methods are essential to calculating actual volumes of tissue 
components, but in comparative morphometric studies such 
techniques may not yield important additional information as



well as causing additional problems of specimen collection and 
handling. Whatever method is used it is important to be aware 
of the sources of variation and control for them in the design 
of the project.

Morphometry is dependent upon a proper sampling technique 
of the test group, with limited variation in case selection 
and biopsy site. Variation in histological technique such as 
orientation of specimen, tissue processing, section thickness 
and staining can all be sources of error (Bodeutsch et al., 
1991). Very careful planning, standardisation and good 
controls at all steps are essential.

Selection of Test Groups.
The adequacy of the sample size needs to be considered. 

This can be defined in terms of the calculated parameters and 
their mean error (most often given as the relative coefficient 
of variance) and by the statistical confidence limits of the 
investigation (Oberholzer et al.,1985). This allows an 
estimation of an adequate sample size. Unfortunately it may be 
difficult to organise studies of sufficient size to answer all 
questions fully. Resources may dictate the acceptance of a 
less than ideal study. Many of the early published attempts to 
estimate Langerhans cell populations can be criticised for the 
small size of the sample which has led to conflicting results. 
Although it is important to be aware that over interpretation 
of results based on a small sample may be misleading, 
overcautious interpretation of results from small samples may 
mean that valuable information is not disclosed.
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Collection and Handling of Specimens.
The overall design of the project generally dictates what 

specimens are studied, but it is important that they are 
collected in a uniform way, are subject to minimal trauma and 
are carefully orientated. The quality of the results is very 
much affected by the method of preparation, fixation and 
processing. The principle ennunciated by Weibel is paramounts-

" The minimal moral to be derived; keep the composition of 
the fixative and all subsequent solutions strictly constant 
for a given set of experiments, less your morphometric data 
reveal more about artifacts than about real experimental 
change".

Collection of Numerical Data.
The making of cell counts using immunocytochemical methods 

requires the accurate measurement of properly prepared 
sections and the careful standardisation of the different 
steps in the method to ensure that counts are both 
reproducible and accurate.
The method of measurement has to be decided; whether a manual, 
semi-automatic or fully automatic image analysis is 
appropriate. Computer aided morphometry can improve accuracy 
and speed of data collection (Slavin et al., 1980; Oberholzer 
et al.,1985), although it has been criticized on grounds of 
cost and complexity of the apparatus required (Corazza et 
al.,1985).
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Over three decades of research into the combination of 

computer technologies and microscopy have resulted in the 
development of advanced image analysis systems. The image 
analysis systems used in histopathology typically consist of 
a microscope interfaced via a video camera, or a tracing 
device using a digitising board which works with 
magnetostriction to a computer system. The principle is to 
trace with an appropriate "pen" the contains of the object; 
the device then records the coordinates of the trace and 
computes by integration al gorithims of various kinds. 
Parameters such as profile area, perimeter, boundary length, 
the largest and smallest diameter, its projected diameter in 
a given direction, shape factors etc. These features are 
measured with greater precision than normal point counting 
methods (Weibel 1979) and one tracing operation yields several 
pieces of information. The reproducibility and interobserver 
variation of these measurements has been the subject of debate 
(Fleege et al.,1988).
Variation in assessment depends on both instrumentation and 
personal factors. Instrumentation involves not only electronic 
and mechanical variation, which is usually low, but also 
factors such as tracing speed and equipment, localisation and 
orientation and size of profiles on the board. The personal 
factors include such criterion as accuracy and precision of 
counting and reproducibility of fixation and staining method 
(Bodeutsch et al., 1991).
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CHAPTER 2. 

Introduction to Studies.

For accurate localisation of an antigen by a labelled 
antibody it is necessary for the tissue and the antigen to be 
preserved and then recognised by a specific antibody. It is 
necessary for fresh tissue to be treated, usually with 
chemical fixatives, to preserve the structure and prevent 
tissue components from disintegrating during histological 
staining procedures. Unfortunately, these conventional methods 
may remove, inhibit or obscure the antigenic sites resulting 
in the loss of the immunoreaction, therefore a compromise 
between good tissue preservation and antigen availability has 
to be reached for each antigen.

Despite the enormous increase in immunocytochemical studies 
over the last 15 years there is still no consensus of opinion 
as to the correct or optimal fixation procedure for any 
particular antigen. In certain circumstances an acid fixative 
improves antigen demonstration. Sometimes, a harsh coagulant 
fixative such as alcohol reveals antigen sites concealed by 
additive reagents such as aldehydes (Bosman et al.,1977). 
Osmolarity can be as important as pH for certain labile tissue 
components (Gonzalez-Aquilar,1982). In fact there is still 
some degree of ’'trial and error", involved in the experiments 
for seeking an appropriate method by which to tackle the 
"difficult" antigens.
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The main objective when using fixatives is maximum 

preservation of structure and complete preservation in situ, 
without alteration in the level of reactivity, of whichever 
protein antigens are the object of the study. The level of 
reactivity of these protein antigens should be comparable to 
the native protein.

Formaldehyde as a fixative.
A study of the papers in which the formulae for fixative 

mixtures were first published shows that most fixative 
mixtures used to-day have come into being in a haphazard way.

Formaldehyde was introduced into microtechnique in 1893 and 
the discovery of its fixative properties was made accidentally 
by Blum (1896), who had previously introduced it as an 
antiseptic. "Formalin" is usually a 37% w/w solution of sp.gr. 
1.08 indicating that 100 mis. contains approximately 40 grms. 
of formaldehyde, with contaminants of formic acid (0.05%) and 
methanol (6-15%). In the concentrated form it has a strong 
tendency to polymerise releasing only 11% of the formaldehyde 
in its monomeric form. When diluted to 4% the monomer 
predominates.In this thesis "10% formalin" means formalin 
diluted with nine times its volume of water or salt-solution, 
to give a 4% w/w.

Formaldehyde does not fix soluble carbohydrates, but has 
a remarkable capacity to fix proteins in such a way that the 
escape of glycogen in aqueous solution is hindered 
(Lison,1953). It reacts with the -NH2 of the side-groups of 
certain amino-acids, such as lysine to lysine, or lysine to
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glutamine, forming methylene bridges that link protein chains 
together. The reaction is slow, especially below pH 3. The 
greatest binding of formaldehyde occurs at about pH.7.5. 
Formaldehyde penetrates tissues faster than any other fixative 
except the mineral acids. Single cells have been observed to 
shrink at first contact with formaldehyde solutions, 
especially if the solution concentrations are high. This 
shrinkage is followed by expansion at some time during the 
first hour to a greater volume than the original, and later by 
a second shrinkage that leaves the cell somewhat larger than 
it was in life (Crawford & Barer,1951). This swelling is less 
marked if sucrose or saline is added to the fixative solution, 
and the cell may eventually return to its original size. The 
pulsation of nuclei is less than that of the cytoplasm, and 
does not exactly synchronise with it. In similar experiments, 
whole liver remain almost unchanged (99%) but there is 
subsequent shrinkage to 68% by the time the organ is embedded 
in paraffin.

Formaldehyde is only exceeded by ethanol and acetone in the 
hardening of tissues during fixation (Wetzel 1920) and with 
salt additives the structure of the living cell is preserved 
better than any primary fixative, except osmium trioxide.

Aqueous solutions of formaldehyde have a pH value around 
3-4 due to oxidation by the atmosphere to formic acid (Freeman 
et al.,1955). If a 4% solution is treated with 1% of calcium 
chloride in excess of calcium carbonate the pH is 5.7 
(Baker,1963).



The challenge of maintaining the geometric shape of the 
protein to permit binding of the specific protein is perhaps 
the key to fixation in immunocytocytochemistry.

For light microscopy procedures the two objectives, 
structural and immunological, can be relatively compatible. In 
the case of electron microscopy there can be no compatibility 
since the provision of contrast must be controlled, if 
confusion with the electron opaque product of the immune 
reaction is to be avoided. In addition the normal fixatives 
for electron microscopy (glutaraldehyde and osmium tetroxide) 
tend to inhibit antigenicity in the great majority of cases.

There are four fundamental approaches to the processing of 
tissue samples for immunocytoehemical analysis.

Unfrozen Unembedded Sections.
Among non-frozen type "tissue sectioners", the Vibratome 

(Oxford Lab, San Mateo, California,USA) has won the highest 
acclaim in the last decade. Sections tend to vary between 30- 
40nm, and are unsuitable for morphometry.

Pre-unfixed Frozen Sections.
Tissues may be frozen without prior fixation and cryostat 

sections prepared. Post-fixation may be then used prior to 
antigen demonstration. When tissue is frozen the water within 
the tissue turns to ice and in this state the tissue is firm, 
the ice acting as the embedding medium. The consistency of the 
frozen block can be altered by varying the temperature of the 
tissue block. A reduction in temperature produces a harder
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block which is a necessity for blocks of fatty material. The 
majority of non-fatty biopsies can be sectioned at a 
temperature in the range of -20°C.

The acceptance of the cryostat as a routine tool and the 
improved quality of frozen sections has been instrumental in 
bringing about the expansion of histochemistry and 
immunocytochemistry (Richard et al.,1986). The effect of 
freezing unfixed tissue is to cause diffusion of substances 
and this is enhanced when the section is cut on the cryostat. 
The heat produced on sectioning causes fractional thawing of 
the cut section resulting in movement of cell contents. To 
obtain accurate localisation of some hydrolytic enzymes, it is 
necessary to fix the tissue before sectioning in the cryostat.

Pre-fixed Frozen Sections.
The technique of using prefixed frozen tissues allowing 

cryosectioning at a later stage is rarely used for light 
microscopy. Very few antigens are preserved and sections do 
not adhere to glass (Bancroft,1982). Its major application is 
in the field of immunoelectron microscopy where 
ultrastructural morphology and limited antigenic reactivity 
are accepted.

Fixed Processed Embedded Sections.
Tissue may be fixed in one of a variety of chemical 

fixatives, dehydrated and then embedded in paraffin wax,(or 
less frequently in ester wax,"aqueous" wax or resin). Sections 
are then cut, the embedding medium removed and immunological
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labelling performed. The addition of sucrose to aldehyde 
fixatives, can afford a measure of protection and even 
restoration to some antigens, in fact post-treatment with 
sucrose washes has been reported to provide some restoration 
of antibody combining power (Miller,1972).

The reliability of the immunocytochemical technique on 
formalin fixed paraffin sections is sometimes improved by a 
pre-treatment with a proteolytic enzyme. The use of these 
reagents appears to unmask antigenic sites (Curran & 
Gregory,1977), permits the use of much higher dilutions of 
antisera, and reduces non-specific background or unwanted 
antigen staining. The dilutions of all three antisera, 
particularly the primary anti-human serum must be titrated 
against the optimum exposure time for the enzyme (Mepham et 
al.,1979). However enzyme treatment must be used with care 
since excessive exposure will result in loss of staining 
intensity. Mepham investigated the proteolytic enzymes 
Protease IV, Protease 1 and Trypsin (Sigma), and found Trypsin 
to be the best on the basis of both cost and effectiveness. 
Its activity decreased over a 3 hour period, and the duration 
of enzyme treatment depended upon the method and length of 
fixation. In general, tissues fixed for a short time require 
a shorter period of treatment than tissues subjected to 
prolonged fixation.

Paraffin wax is produced in the cracking of mineral oil and 
consists of a mixture of hydrocarbons. The refined commercial 
wax is cheaper than other media and can be purchased as a 
white non-toxic product with a defined range of melting point.
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It requires a standardised processing technique which in turn 
provides versatility in staining technique, section handling, 
the storage of tissue section and processed block. The 
paraffin section presents fewer difficulties than other media. 
Although other media are available which have melting-points 
and properties suggesting potentially less damage to tissue, 
paraffin wax remains popular due to the ease with which large 
numbers may be processed in comparatively short times with the 
minimum of supervision. Over the years many additives have 
been employed which have been found to enable thinner sections 
to be obtained. Essentially they reduce the crystalline size 
of the wax producing a better fit of crystals within the 
tissue matrix.

Other Embedding Media.
Ester-wax was originally a mixture of diethylene 

distearate, glycerol monostearate and 300 polyethylene glycol 
(Steedman 1960). The formula has now been replaced by 
polyester wax which consists of 400 polyethylene glycol and 
cetyl alcohol. The wax tends to be hygroscopic making 
microtomy difficult. It has the advantage of being miscible 
with 95% alcohol, permitting tissues to be embedded without 
the intervention of intermedia, and the introduction of 
artifacts encountered with hot wax.

Water-soluble waxes offer the advantage of supporting the 
tissue for microtomy without subjecting the tissue to the 
higher temperatures and intermedium reagents required for the 
standard paraffin technique. These waxes are hygroscopic and
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like ester-wax tend to be difficult to handle and fail to 
produce sections of consistently high quality.
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Sections Adhesives.

The adhesives used for affixing sections to glass slides 
directly after sectioning can be divided into three types.

Water soluble proteins.
This group of adhesives includes those proteins that after 

application to the slide become insolubilized at some point in 
the procedure. It is the insolubilisation of the adhesive that 
fastens the attachment of the section. The most widely used is 
albumen-glycerol, introduced by Mayer (1883), which became 
insoluble by the application of heat, alcohol, or formalin. 
Gelatin (Koninski,1883) is also widely used. Its 
insolubilisation can occur before, during, or after affixation 
by formalin or chromium salts and a variety of modifications 
and formulae have been developed for cryostat sections (Drury 
& Wallington,1980). Other section adhesives employed include 
glycerol, albumin, starch, amylopectin, normal human plasma 
and agar which have been carefully compared (Cook,1965) and 
shown to have a limited application.

Cationic polymerised amino-acids of poly-L-lysine [PLL].
(Mazin et al.,1975).

When spread as a monolayer the negative charge of a glass 
surface changes to a positive one, which is then available for 
the attraction of any charged entity (Pachman & Leibold 1976). 
Recently, PLL-coated slides have been used in the preparation 
of tissue sections for immunocytochemistry (Van Noorden &



Polak 1983). There are many different polymers of L-lysine 
ranging in molecular wts. from 11,000 to 350,000. It has been 
recommended (Huang et al.,1983), that the higher the molecular 
wt. of the polymer, the greater the adhesive force between 
section and slide if used at the dilution of 0.05%.

Organic silanes.
This group of adhesive utilises some of the knowledge from 

the field of glass-fibre reinforced plastics (Plueddemann, 
1982) where use is made of organic silanes (Fink et al.,1987). 
Strong siloxane bonds are established between the silicium 
groups of the glass surface providing the glass surface with 
aminoalkyl groups (Robinson et al.,1971) which may react 
either ionically or covalently with appropriate functional 
groups of the tissue section (Rentrop et al.,1986). The use 
of 3-aminopropyltriethoxysilane (APES) had been recommended as 
a section adhesive for in-situ hybridisation (Rentrop et 
al.,1986). A variation on this technique was developed (Maddox 
& Jenkins 1987) and is discussed in greater detail in the 
methods section.
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Light: Microscopy Immunocytochemical Labelling Methods.

Peroxidase labelling systems.
The labelling of antibodies with enzymes such as 

horseradish peroxidase (HRP) was introduced independently and 
simultaneously by Avrameas and Uriel (1966) and Nakane and 
Pierce (1966). By substituting an enzyme for the fluorochrome 
label in the standard immunofluorescence schedule, the 
labelled antibody-antigen complex was revealed by ordinary 
light microscopy. There are four methods of tagging the 
antigen-antibody reaction.

The direct method involves the application of a labelled 
primary antibody directly to the tissue preparation. This type 
of label is visibly weaker than the other methods but has use 
in ultrastructural studies.

The indirect method uses an unlabelled primary antibody to 
recognise the tissue antigen which is identified by a labelled 
secondary antibody raised to the immunoglobulin of the 
specimen providing the primary antibody. Since two secondary 
antibody molecules can bind to each primary antibody molecule, 
this method is generally accepted as being more sensitive than 
the direct method. With a single labelled secondary antibody 
to the immunoglobulin of one species, any number of primary 
antibodies raised in that species can be identified.

The unlabelled antibody-enzyme method makes use of an 
unconjugated bridging secondary antibody between the primary 
and the labelled detecting reagent. The tagging enzyme may be 
an enzyme-anti-enzyme complex, or an avidin-biotin-enzyme
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complex.

Sternberger in 1970 introduced a modification of the bridge 
method called the unlabelled HRP-anti-HRP method (PAP). The 
last two stages of the previous method (rabbit anti-HRP 
antibody and the free HRP), were chemically combined together 
forming a soluble PAP complex. This complex then acted as the 
final stage which was linked to the initial rabbit anti-X IgG 
by the swine anti-rabbit IgG. The horseradish peroxidase (HRP) 
labelled antibody-antigen complex was revealed with 3,3- 
diaminobenzidine tetrahydrochloride (DAB) and hydrogen 
peroxide (Graham & Karnovsky,1966; Herzog & Fahimi,1973) . The 
brown reaction product deposited at the site of HRP activity 
is stable and can be rendered electron opaque with osmium 
tetroxide (Seligman et al.,1968).

In contrast to other immunocytochemical techniques, those 
based upon the avidin-biotin system were not originally 
conceived for immunocytochemistry. Avidin is a glycoprotein 
mol.wt 68,000D,found in egg white, whilst biotin (vitamin H) 
is a water soluble, heterocyclic compound of mol. wt. 244D. 
Using the N-hydroxysuccinamide derivative, it is readily 
coupled to proteins and other organic molecules, and because 
of its small size, multiple sites may be conjugated without 
interfering with the macromolecule's biological activity. The 
high affinity between avidin and biotin (1015/M compared to 
108/M typical of antibody-antigen complexes) has been used 
routinely by biochemists since 1945 in several extraction and 
chromatographic procedures (Swack et al.,1978, Finn et 
al.,1984). Neither the coupling of biotin to macromolecules
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nor the coupling of signal-generating labels to avidin, 
significantly diminishes this binding efficiency. In addition 
the avidin-biotin complex is stable between pH2 and pH13, and 
is generally resistant to enzymatic proteolysis. Its use in 
immunocytochemistry came in 1979 when Guesdon (Guesdon et 
al.,1979) described the direct and indirect techniques using 
enzymes as markers. An interesting development came in 1981 
when Hsu produced the avidin-biotin complex (ABC) method which 
gained widespread acceptance and popularity (Hsu et al. ,1981) .

The use of streptavidin was introduced to overcome the 
criticism that avidin can produce non-specific binding due to 
its iso-electric point of 107, and its high positive charge at 
neutral pH. It will also bind in a non-specific manner to 
negatively charged molecules (Hoffman et.al.,1980) such as 
nucleic acids or phospholipids. Since avidin is a glycoprotein 
it has been seen to react with other biological molecules such 
as lectins via the carbohydrate moiety (Green & Toms,1970). 
Streptavidin is a protein of mol.wt 60,000 with four binding 
sites for biotin of similar affinity as avidin. It is isolated 
from the bacterium Streptomyces avidii and is not a 
glycoprotein which binds to lectins, nor will it produce 
charged groups at neutral pH.

Other Enzyme-Labels.
Alkaline phosphatase (Mason & Sammon, 1978) and 

B-Galactosidase (Bondi et. al.,1982) are used as labels. The 
former is used in systems similar to those of the peroxidase 
enzyme. The alkaline phospatase anti-alkaline phosphatase



68
(APAAP) method uses a conjugate made with calf intestinal 
alkaline phophatase and used in the presence of levamisole 
which inhibits the endogenous nonintestinal forms of the 
enzyme (Ponder & Wilkinson 1981). The APAAP method is useful 
with mouse monoclonal primary antibodies and has its greatest 
application with cryostat sections and cytological 
preparations where endogenous peroxidases can present 
problems. A wide variation of coloured diazo salts are 
available as immuno-labels producing permanent preparations 
requiring aqueous mounting techniques, due to the solubility 
of the diazo complex in alcohols. Slide preparations using 
aqueous mountants can present storage problems particularly 
when large batches of preparations are anticipated.

Colloidal Gold Markers.
Gold labels were introduced by Faulk & Taylor in 1971. The 

technique was originally limited to electron microscopy and 
has only recently emerged as an important tool in light 
microscopy. The natural red colour of the colloidal gold was 
originally used to make visible the antigen target sites by 
bright field microscopy. This required a high antigen density 
for the label to be visible. In 1983 Holgate and colleages 
reported that Danchers' silver precipitation reaction used for 
the detection of gold, silver and metal sulphides in tissues 
could be employed to amplify the visibility of gold probes. In 
essence the gold particles are coated by shells of metallic 
silver, which in effect increases the size of the gold
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particle from 5nm. to around 50nm. and results in a deep black 
stain with high contrast. The 5nm colloidal gold particles 
linked to the respective affinity purified secondary 
antibodies provide efficient marking and penetration into 
histological tissue sections.

The use of the colloidal gold marker system is expensive, 
requires longer incubation time and a very critical silver 
enhancement stage. The original Danchers Enhancer solution had 
to be freshly prepared and consisted of hydroquinone and 
silver lactate in a citrate buffer solution. Owing to the 
photosensitivity of these reagents it was necessary to exclude 
light during the period of the enhancement. The introduction 
of Intense LM, by Janssen offered a light insensitive process, 
permitting visual monitoring of the enhancement process which 
could be interrupted when optimum intensification was reached. 
The two solutions, enhancer and initiator, required 
preparation before being mixed in equal quantities for use. 
The newest generation of Janssen silver enhancement reagent 
(IntenSE M) , is purchased in kit form and is specifically 
tailored for microscopy. Since it is light insensitive and 
exhibits a delayed self-nucleation, reasonable flexibility of 
enhancement times is obtained. An additional fixing step is 
not required and it is relatively insensitive to most silver- 
precipitating ions.



70
The Quantitative Analysis of Langerhans Cells in Various 

Dermatological Diseases.

Ever since the quantitative studies of guinea pig epidermis 
by Wolff and Winkelmann (1967) and the historical revelation 
by Silberberg (1971, 1973) of the role of Langerhans cells in 
allergic contact dermatitis, considerable interest has been 
focused on the numerical changes by dermatological diseases on 
this dendritic cell population. Since these cells mediate the 
transfer to the immune system of information about antigens 
(haptens) appearing intraepidermally, any excessive or reduced 
cooperation on their part due to alteration in numbers can be 
detected and may explain certain of the pathologies 
(Lisi,1973).
Delayed-type contact dermatitis is a classical example of the 
Langerhans cell T-lymphocyte cooperation which in some 
conditions may become exaggerated. The number of epidermal 
Langerhans cells increases in the initial phase of the 
allergic reaction. The cells are highly dendritic, 
accumulating in clusters, and show ultrastructural signs of 
cytoplasmic activation (Falck et al.,1981,1985) .

Most epidermotropic lymphomas are composed of 
helper/inducer T-cells and only a few cases have been found to 
consist of suppressor/cytotoxic T-cells. In contrast to the 
situation found in B-cell lymphomas, which are not 
epidermotropic, there is an increase in the number of dermal 
and epidermal Langerhans cells. The cells occur in clusters, 
in apposition to the infiltrating neoplastic cells suggestive
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of Langerhans cell-mediated epidermotropism (Rowden et al., 
1981; Shichara et al.,1988). Skin and mucosal lesions such as 
Lichen planus and erythema multiforme show a considerable 
increase in the number of intraepithelial Langerhans cells 
although the numbers may be lower in older papules of Lichen 
planus. The Langerhans cell distribution in the involved skin 
of patients with alopecia areata shows an increased number of 
CDla positive cells in the hair bulbs (Brocker et al., 1987) 
and similarly pemphigus vulgaris and bullous pemphigoid 
lesions also demonstrate an increased number of CDla positive 
dendritic cells in the epidermis and dermis suggesting a 
possible autoimmune background (Nestor et al., 1987).

The counting of Langerhans cells in pathological material 
has supported the hypothesis implicating them in keratinocyte 
proliferation control (Potten and Allen 1976). There is an 
apparent absence of these cells in hyperproliferative and 
parakeratotic conditions (Schweizer 1981), whilst the number 
and distribution in autosomal dominant ichthyosis vulgaris, a 
non-proliferative disease remain normal (Ford et al.,1983).

The numerical distribution of Langerhans cells during viral 
infections has revealed an increase locally in the initial 
phase of the disease (Sprecher & Becker 1986). Viral antigen 
presentation by Langerhans cells can be partially responsible 
for the degenerative changes in the infected epidermis. In the 
case of human papilloma virus the keratinocyte damage is the 
result of virus specific cytopathic changes showing only mild 
inflammatory infiltrate and generally a decreased number of 
Langerhans cells (Chardonnet et al., 1986a,b). The reduction
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in numbers appears to parallel the extent of the cytopathic 
changes independent of viral type. This situation may prove 
particularly dangerous in the presence of oncogenes, as is the 
case in some patients with epidermodysplasia verruciformis 
(Haftek et al., 1987), papilloma-induced uterine cervix 
lesions (Fenoglio 1982), and laryngeal papillomas (Chardonnet 
et al., 1986).

Epidermal Langerhans cell counts have been shown to 
decrease with age (Thiers et al.,1984), keratinisation (Lin et 
al.,1988) and following such epidermal insults as rapid 
cooling (Warfvinge et al., 1989), steroid and cytotoxic 
therapy (Pakes et al., 1986), ultra-violet light 
(Czernielewski et al., 1988) and chemicals (Streilein et al., 
1980b; Barton et al.,1988). The markers used in these studies 
ranging from ATPase (Aberer et al.,1981), CDla and HLA-DR 
(Czernielewski et al.,1988; Aiba et al.,1984). Over the years 
similar quantitative studies have been performed upon the 
epidermis covering most regions of the human and rodent body. 
The results have produced considerable insight into the 
mechanisms that exist to protect what was once considered to 
be an inert, impermeable layer. However, considerable caution 
must be exercised when attempting to compare studies. Most of 
these investigations use different enumeration methods making 
the results rarely comparable and sometimes contradictory.
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The Quantitative Analysis of Langerhans Cells on the 

Epidermis of Patients with Human Immunodeficiency Virus (HIV) •

The causative agent of Acquired Immune Deficiency Syndrome 
(AIDS) the Lymphadenopathy Associated Virus (LAV), was first 
discovered in France by Montagnier and colleagues in 1983. The 
same virus was also recognised in the USA by Gallo and 
colleagues who reported its isolation from many patients with 
AIDS in 1984. In the US the virus was designated HTLV111, but 
the subsequent identical nature of the two isolates 
necessitated the renaming of the virus to Human 
Immunodeficiency Virus (HIV). HIV is of a group termed 
retroviruses that have the unique ability to encode genetic 
information from viral ribonucleic acid (RNA) into the host 
cell genomeic deoxyribonucleic acid (DNA) thereby affecting 
the function of the cell and allowing enhanced viral 
replication. Without doubt AIDS is the result of infection 
with this organism (HIV-1), however since 1986 another related 
virus HIV-2 has been isolated mainly in West Africa, where it 
causes a disease essentially similar to HIV-1.
The relationship between the various nomenclatures used to 
describe the various Human T-cell leukaemia viruses is shown 
in the following table:-

HTLV1-------- T-Cell Leukaemia generally found in Oriental
countries.

HTLV2-------- Hairy cell Leukaemia
HTLV3 /LAV1--- HIV-1
HTLV4 /LAV 2--- HIV-2
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HTLV5-------- T-Cell Leukaemia (Mycosis Fungoides)
In 1981 The Centers for Disease control (CDC) in Atlanta, 

Georgia, produced a classification of HIV-1 disease based on 
opportunistic infections and other conditions associated with 
impaired cell mediated immunity.

HIV infection induces, in advanced stages, a profound 
impairment of cellular immunity manifested, among other 
abnormalities, by an absolute reduction in CD4 positive 
peripheral blood lymphocytes, defective natural killer cell 
activity, polyclonal hypergammaglobulinemia, and reduced 
interleukin-2 and gammar-interferon production. Belsito 
reported a reduction in Langerhans cell counts as revealed by 
HLA-DR, ATPase, or CDla antigen demonstration, compared with 
appropriate controls. This decrease was more pronounced in 
patients with opportunistic infections than with Kaposi’s 
sarcoma (Belsito et al.,1984,1986). Reduced numbers of HLA 
class II and CDla positive epidermal Langerhans cells were 
also reported by other studies (Romani et al.,1987; Oxholm et 
al., 1986), whereas Dreno (Dreno et al.,1988) noticed a 
positive correlation between the number of CD4 positive 
lymphocytes and the number of CDla positive epidermal cells. 
The reduction in Langerhans cell numbers was reported to 
increase with clinical progression from AIDS related complexes 
(ARC) to AIDS (Dreno et al.,1988). In contrast to these 
results Groh (Groh et al.,1986), reported normal numbers of 
CDla positive Langerhans cells in ARC-AIDS patients despite a 
decrease in the number of HLA-DR positive cells. Similarly, 
Kanitakis (Kanitakis et al.,1989) failed to detect any



alteration in the number of CDla and HLA-DR positive 
Langerhans cells among the different CDC groups.

Only one study has used S-100 protein staining (Ramsauer 
et al.,1988) and this reported weaker staining of Langerhans 
cells in skin biopsies trom AIDS patients with Kaposi's 
sarcoma, than the corresponding controls.

(The distribution of CDla and S100 populations has been 
investigated in study lb).
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The Quantitative Analysis of Langerhans cells Overlying 

Primary Human Breast Tumours.

It has been recognised for many years that the response of 
patients with breast cancer to skin allergens such as 
dinitrochlorobenzene (DNCB) and purified protein derivative 
(PPD), is reduced even in the early stages of the disease 
(Volk-Platzner et al.,1974). Work involving the topical 
application of dinitroflurobenzine (DNFB) has shown that this 
reaction is determined by the initial density of dendritic 
cells present in the epithelium (Streilein et al.,1986). The 
involvement of Langerhans cells in the initiation of immune 
responses to tumour antigens present in skin has been reported 
(Haftek, 1988). However, studies reporting on their numbers in 
the epidermis overlying primary human tumours have been 
inconclusive. Gatter (Gatter et al.,1984, described an 
increase associated with benign tumours, and a decrease in 
malignant tumours, whilst, other studies (Fernandez-Bussy 
(1983) and Yamaji (1987) reported an increase in both benign 
and malignant tumours.
Bergfelt investigated the response of Langerhans cells to 
tumour growth by inducing subcutaneous tumours into syngeneic 
mice and quantitatively assessed the Langerhans cell response 
by examining the appearance and number of ATPase positive and 
la positive dendritic cells in the epithelium covering the 
subcutaneous tumour (Bergfelt et al.,1988). He found that 
above the tumour there was an increase in the number of 
positive cells, but a decrease in dendritic morphology.
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Contralateral and perilesional skin was unaffected. They 
claimed that the injection of nontumour producing cells and 
implantation of silicon did not induce any changes in 
Langerhans cell numbers or appearance.

(A morphometric investigation into the influence of breast 
tumours on the CDla and S100 populations of dendritic cells 
has been investigated in study lc).
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Problems in Langerhans cell Enumeration in Tissue

Sections.

A wide range of Langerhans cell counts has been reported 
in normal skin independent of the counting method used. There 
is wide variation from subject to subject (Horton et 
al.,1984), from site to site (Ashworth et al.,1986) and 
possibly on different occasions.

The technique of counting Langerhans cells in epidermal 
sheets remained the most reliable method for light and 
electron microscopy until it was possible to study vertical 
sections of epidermis with a range of specific monoclonal 
antibodies. The use of vertical sections introduces 
variability in the results depending on section thickness, 
cell interpretation, method of counting used and the type of 
disease investigated (Bieber et al.,1988). Enumeration of 
Langerhans cells by counting a defined number of high power 
microscopic fields is one of the most convenient methods, 
because no special equipment is needed. This method is 
suitable for acanthotic epidermis where a large part of the 
microscope field is occupied by epidermis, or for normal skin 
if only uninvolved or normal skin is being studied. As soon as 
normal skin is compared with pathologically altered skin the 
change in epithelial thickness affects the count in relation 
to area or basement length.

Several authors have recommended the enumeration of 
Langerhans cells per mm. length of epidermal surface 
(Tjernlund & Juhlin 1982) as a simple and reproducible method
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for cryosections or paraffin sections (Halliday et al., 1986). 
This is based on the consideration that the number of 
Langerhans cells should be independent of epidermal thickness. 
Quantitation of Langerhans cells by enumeration per mm. length 
of basement membrane (Horton et al.,1984) can be considered as 
a simple and convenient method, but because of the convoluted 
basement membrane, a morphometric analysis system is required 
for the exact measurement of length. The use of this technique 
reflects the epidermal thickness more reliably.

The method of quantification using the number of Langerhans 
cells per 200 basal cells (Ashworth et al.,1986) produced 
results similar to the enumeration per mm. length. Significant 
differences were found between normal and psoriatic skin when 
measuring counts/mm. epidermal surface and counts/200 basal 
cells.
In contrast to the above methods which are all related to a 
unidimensional parameter, the enumeration of Langerhans cells 
per mm2 epidermal section surface using a two-dimensional 
scale in the form of an occular square grid (Haftek et 
al.,1983) or morphometric analysis (Bieber et al.,1988) caused 
difficulty in counting the epidermal section precisely and 
adapting the grid to a convoluted configuration such as exists 
in papillomatosis. Bieber quantified Langerhans cells in 
cryosections of normal human skin and lesional skin from 
patients with atopic eczema and psoriasis vulgaris using six 
different methods

Cells/20 high power fields.
Cells/mm length of epidermal surface.
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Cells/mm length of basement membrane.
Cell/200 basal cells.
Cells/mm2 epidermal section surface, measured by occular 

grid.
Cells/mm2 epidermal section surface measured by 

morphometric analysis.
The results obtained differed substantially from one 

another, particularly the differences between psoriatic and 
normal skin.

Investigations of the CDla and S100 Phenotypic Expression On 
Langerhans cells.

The few studies comparing CDla and S100 indicate a 
discrepancy of S100 positivity: this has convinced some
workers that S100 cannot be used as a specific marker for 
Langerhans cells (Hawthorn & MacLean 1988, Aqel 1986) or that 
the cells demonstrated by these antisera have a different 
functional and histogenic significance (Tay et al.,1987a, 
Granstein et al.,1984, Edelson & Fink 1985).

Apart from the demonstration on cytological material by 
Figueroa et al.,(1989); there have been no other reports which 
support the observation that in sections of normal cervix the 
two antigens are present upon the same cell.

(The phenotypic expression of the two antigens has been 
investigated in study Id).
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CHAPTER 3.

AIMS OF THESIS.

There are numerous reports of Langerhans cell analysis 
comparing MHC class 11 (Barrett et al., 1991), and CDla cell 
markers (Stingl 1982, Bryan et al., 1988) but when this 
project was conceived there were none that compared the SI00 
and CDla markers in sequential epithelial sections.

The aim of this project was to study the expression of 
these two antigens in sections of skin and cervix using light 
immunocytochemistry and morphometry. The study placed special 
emphasis upon discovering the ratio of these two antigens in 
"normal" skin and cervix and the effect epithelial 
abnormalities such as viral infection may have on this ratio 
(Study la). Separate studies examined the effect of the human 

immune deficiency virus on the expression of these two 
antigens in skin and cervix (Study lb) and the influence of 
subcutaneous tumours on breast skin (Study lc) . The final 
study investigated whether these two antigens were expressed 
together by the same cell or whether they existed as separate 
populations Study Id).

This project introduced a method of obtaining a 
direct comparison of the two antigens which was better than 
previous methods using separate biopsies. The four studies 
made use of the technique to illustrate the value of 
Langerhans cell pattern and numerical expression.
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Problems to be Overcome.

These studies required a technique that would enable both 
antigens to be detected on the same section. At the time that 
this project was conceived, no such technique existed. The two 
antigens could only be demonstrated individually requiring two 
separate techniques. The cytoplasmic antigen CDla is 
undetectable in embedded tissue, due to ''masking" or permanent 
denaturation (Falini & Taylor 1983). There does not appear to 
be a published explanation for the inability of the 
intracytoplasmic antigen SlOOb demonstration in frozen 
sections.

Investigations were carried out as to the possibility of 
"nursing" these labile antigens through to the final labelling 
stage (Moore & Mepham 1988), minimising the problems of biopsy 
sampling, processing artifacts, differences in section 
thickness and incomparable cell distribution.

In order that a numerical evaluation could be made upon the 
stained preparations, correct morphometry using an accurate 
reproducible method of counting and analysis was important.

This study is described as study 1 the "Main study".
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PROJECT STUDIES.
Study 1 (Main Study).

The development of a single technique which permitted the 
immunocytoehemical demonstration of CDla and S100 antigens in 
the same section. The technique was reproducible, catered for 
a large number of cases and satisfied the requirements for 
morphometric analysis. An analysis of the two antigens 
demonstrated by the new technique was compared with that of 
the established frozen section method for CDla positive cell 
and that of the established paraffin section method for S100 
positive cells. This analysis was also used to discover the 
most sensitive of four peroxidase labelling systems.

(Appended publications 4 & 5).
This technique was then used in the following studies.

Study la.
The use of the new technique for the statistical 

investigation of the reproducibility of counting, using a 
single case of skin and cervix, and an analysis of the two 
antigens in 20 specimens of "normal" skin and 24 cases of 
"normal" cervix.

(Appended publication part 12)

Study lb.
The distribution of the two populations was investigated 

for the dendritic cells in skin and cervix of patients with 
HIV infection. (Appended publication 11)
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Study lc.

The technique was used for a morphometric investigation 
into the influence of breast tumours on the CDla positive and 
S100 positive dendritic cell population in the epidermis of 
breast skin taken at a site above the tumour and at a site 
distant from the tumour.

(Appended publication 12)

Study Id
Double-staining techniques were used to provide evidence 

that the two antigens CDla and S100 are expressed upon the 
same Langerhans cell.

(Submitted for publication)

The reproducibility and reliability of the technique was 
demonstrated in a study investigating the relationship of 
cervical intraepithelial neoplasia and smoking.

(Appended publication 8)
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CHAPTER 4.
MATERIALS.

Subjects (Main Study and Study Id).
Cervices were obtained from fresh hysterectomy specimens 

from women that had more than one normal cervical smear 
previously and whose operation was carried out for 
dysfunctional uterine bleeding.

Seven hysterectomy specimens were used for study Id.

Subjects for Statistical Reproducibility of Counting
(Study la).

Biopsies of skin and cervix measuring approximately 
12 X 5 mms were taken from surgical specimens of patients 
undergoing local excision of an early breast cancer and from 
the cervix of a hysterectomy specimen respectively.

Subjects for Assessment of "Normal Counts" (Study la).
24 cervical biopsies were collected from separate patients 

undergoing hysterectomy for conditions not involving the 
cervix.

20 biopsies of breast skin were taken from patients who had 
an equivocal breast lesion which was later found to be benign; 
diagnosed as such by histological examination.

The mean age of the patients used in the study was 45, 
range 24-47 yrs.
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Subjects for Assessment of CDla and S100 positivity in Skin 
and Cervix of Patients with HIV Infection (Study lb).

Twenty-four skin biopsies and 16 cervical biopsies were 
obtained with consent, from HIV infected patients.

Subjects for Assessment of CDla and S100 positivity in Skin of 
Patients with Breast Cancer (Study lc).

Skin biopsies were obtained from the skin ellipse of fresh 
mastectomy specimens from 35 patients undergoing local 
incision of early breast cancer (Mean Age 58, range 31-83).
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Reagents Required for Paraffin Processing.

Fixatives. Those utilising formaldehyde use commercial 40% 
formalin as a 10% solution.

(i). Neutral Buffered Saline, Coned.10%. Fix. Time.24hrs.
(ii). Formal Mercury, 10% HCHO in Sat.Aq. Mercuric chloride 
for 12 hrs.
(iii). Formal Acetic Acid..10% HCHO in 1% Aq.Acetic acid for 
12 hrs.
(iv) . Bouins Solution. . 10% HCHO in sat.Picric acid with 5% 
Acetic acid for 12 hrs.
(v). Carnoys Solution..60% Absolute alcohol, 30% Chloroform 
and 10% Acetic acid for 3 hrs.
(vi). Zenkers Acetic Solution.. 5 grms Mercuric chloride,
2.5 grms Potassium dichromate, 1 grm Sodium sulphate made up 
in 100 mis distilled water. 5mls of Glacial acetic acid added 
just before use.

Dehydration Solutions.
Methanol (G.P.R. Grade, Supplier BDH Chem. Prod. 70315) 
Ethanol 74 O.P (Ind. Meths. Infrakem Ltd.)
2-Propanol (Sigma Co LTd)
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Clearing (Intermedium) solutions.
Toluene (G.P.R. Grade, Supplier BDH Chem. Prod. 80454) 
Cedarwood Oil (Gurrs Ltd.)
Chloroform (G.P.R. Grade, Supplier BDH Chem. Prod. 27710) 
Xylene (Low in sulphur grade, Supplier BDH Chem. Prod. 30575)

Embedding Reagents
Paraplast Plus 55-57°C (Monoject Scientific, Ireland)
Ester Wax (1960 "Gurr" Supplier BDH Chem. Prod. 36033) 
Carbowax 1500 (Gurr Ltd)

Processing Equipment 
Histokinette (Shandon Scientific)
Base Sledge Microtome (Leitz Wetzlab)

Reagents required for Cryo-work.
Liquid Nitrogen (Cryoservices Ltd)
OCT Compound "Gurr" (B.D.H. Chem)
Nunc Containers (Gibco Ltd).

Equipment.
Bright's Cryostat Model DTF/AS/DMR/EC 
Liquid Nitrogen Store 18HC (Union Carbide)



89
Fixatives for Post-Fixed Cryosections-
Acetone (B.D.H. Prod.27023) for 10 minutes at -20°C.
Acetone/Ethanol Mixture 1:1 for 10 minutes at -20°C.
Formal Alcohol (10% formalin in 70% ethanol) for 15 minutes at 
room-temperature.
Formal saline (0.9% sodium chloride in 10% formalin) for 15 
minutes at room-temperature.

Tissue fixatives for Prefixed Frozen Sections.
Formal saline (as above)
Formal-calcium (1% calcium chloride in 10%) designed by Baker 
(1944) to preserve phospholipid.
Fixation time 24 hrs.

Immunocytochemical Reagents.
Porcine trypsin, type II (Sigma Chem. Co. Prod. T.8128) 
Hydrogen peroxide 30% (B.D.H. Chem. Ltd. Prod. 10128)
3,31-Diaminobenzidine tetrachloride lOmg tablets [DAB]
(Sigma Chem. Co. Prod. D.5905)
Calcium chloride 12-24 mesh (B.D.H. Chem. Co. Prod. 27588) 
Tris Hydroxymethy1 Methylamine [TRIS] (B.D.H. Chem. Co. Prod).
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Buffers.

TRIS/HC1 Buffered Saline pH 7.6 (TBS) 
Sodium Chloride 80.00 grms
TRIS 6.05 grms
M HC1 44.00 mis
Distilled Water 1.00 litre

TRIS/HC1 Buffer For D.A.B. (pH 7.6)
0.2M TRIS (24.228grms/Litre) 12.00 mis
0.1M HC1 19.00 mis
Distilled Water 19.00 mis

M/10 Phospate-buffered Sucrose (pH 7.4) 
Sucrose 7 grms
M/10 Sodium Phosphate dibasic 12 mis 
M/10 Potassium acid Phosphate 88 mis

Trypsin solution (Prepared Fresh).
0.1 gm Trypsin plus 0.1 gm Calcium Chloride in 
distilled water pH adjusted to 7.8 using M/10 
Hydroxide.

100 mis 
Sodium
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Inhibitor For Endogenous Peroxidase (Prepared Fresh).
0.5% Hydrogen Peroxide in Methanol for 10 minutes.
D.A.B. Solution.
D.A .B 5.00 grms
Tris/HCl DAB Buffer (pH 7.6) 10.00 mis.
1% Hydrogen Peroxide (added immediately before use)

0.10 mis.

Equipment.
Polythene incubating boxes holding 24 slides, built for the 
department by Mr R. Yabsley (Grade 4 MLSO)
Digital Finnpipettes Micropipettes

5ji1- 40ja1 , 40^1-200^1, 200|il-1000|il
Leitz Dialux microscope adapted for fluorescence studies with 
swing turret and a Leitz N2 green filter block for tetramethyl 
rhodamine isothiocyanate R(TRITC) stained material and a Leitz 
12 blue filter block for fluorescein isothiocyanate (FITC) 
stained material.
Light source type 307-143004.

Suppliers of Antibodies and Dilutions used.
Indirect Method 

Mouse anti-human CDla DAKO M721 (NAl/34): dilution 1:100.
Peroxidase conjugated rabbit anti-mouse, DAKO P260 : 1:50. 
Rabbit anti-bovine S100 protein, DAKO Z311: 1:100.
Peroxidase conjugated swine anti-rabbit, DAKO P217 : 1:50.
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Peroxidase-anti-Peroxidase (PAP) Method.

Rabbit anti-mouse bridging antibody, DAKO Z259: 1/25 
Swine anti-rabbit bridging antibody, DAKO Z196: 1/55 
Mouse PAP DAKO P850: 1/200 
Rabbit PAP DAKO Z113: 1/150

Streptavidin Biotin Complex System (St.ABC).
Biotinylated species specific anti-mouse, whole antibody. 
Amersham RPN.1001 Is 100
Biotinylated species specific anti-rabbit, whole antibody. 
Amersham RPN.1004 Is 100
Streptavidin-biotinylated peroxidase complex.
Amersham RPN.1000 Is300.

Avidin Biotin Complex System (ABC).
Biotinylated anti-mouse antibody, DAKO E354s Is400. 
Biotinylated anti-rabbit antibody, DAKO E353s ls500.
ABC System DAKO K355 (both solutions A and B used at 10 
jil/ml) .

Phosphatase labelling of S100 antigens. 
Phosphatase-ABComplex Dako K376 (both solutions used at 
10|il/ml) .
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Simultaneous capture method (Stutte,1967 [G Reynolds, 

personal communication 1980]).
It utilised a substituted naphthol as the substrate and a 

diazonium salt as the capture reagent.
Reagents.
Solution A.

4% New Fuchs in in 2M HC1........ 1 ml.
4% Sodium Nitrate............... 1 ml.
Shake to allow hexanitrogenation.

Solution B.
0.2M TRIS HC1 buffer, pH 9.0....40 mis.
10 mg. of naphthol AS-TR phosphoric acid dissolved in 0.2 ml. 
dimethylformamide.

The two solutions should be mixed and 80mg of Levamisole (1- 
tetramisole) added to inhibit the nonintestinal form of the 
enzyme (Ponder & Wilkinson 1981).

Fluorochrome labelling of S100 antigens.
FITC-Conjugated swine anti-rabbit, Dako F205, dilution 1/20. 
R(TRITC)-Conjugated swine anti-rabbit, Dako R156, dilution 
1/20.

Immunogold labelling of CDla antigens.
5nm. Goat anti- mouse probe, LM.GAM5 (Biocell) dilution 1:20 
for 16 hrs.
De-ionised or "analar" water (BDH).
"Intense M" kit (Janssen) for Enhancement of the gold label.
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Adhesives
Glycerine-albumen ("Gurr" BDH, Prod 36100)
Starch (Sigma S 9765)
3-Aminopropyletriethoxysilane [APES] (Sigma Prod. A 3548) 
Poly-L-Lysine [PLL] Cell Culture Reagent (Sigma Prod P.5899. 
Degree of polymerisation 400,000. Purchased in 5mg. ampoules).



CHAPTER 5.
METHODS.

Study 1 (Main study).

The Demonstration ofCDla and S100 Antigens in Frozen and
paraffin Sections.

Cervical biopsies were used to supply sections for 
development of the new technique and the indirect peroxidase 
immunocytochemical labelling method was used to stain the 
dendritic cells.

General collection and processing of cervical specimens.
Hysterectomy specimens were collected from theatre and 

pieces of cervix measuring approximately 10.0 X 5.0 X 5.0 mms 
were removed and where necessary orientated upon pieces of 
filter-paper to ensure that the final preparation included 
squamous epithelium and dermis. Each biopsy was either placed 
into a fixative or a Nunc container and snap frozen in liquid 
nitrogen and stored at that temperature until required.

Basic Paraffin Technique for The Demonstration of S100.
Following fixation the biopsies were dehydrated with graded 

ethanol (74 O.P.), cleared in three changes of xylene and 
impregnated in three changes of paraffin wax.
Paraffin sections were produced at 6|im, and dried at 
37°C.overnight.



Each paraffin section was dewaxed in three changes of 
xylene for a minimum total of 30 mins. It was then rehydrated 
through a series of decreasing concentrations of graded 
alcohols (74 O.P.). Endogenous peroxidase was blocked by 
incubating the sections in the inhibitor solution.
Sections were then trypsinised at 37°C, pH. 7.8 for 10 mins.

Frozen technique for the demonstration of CDla.
The specimen was removed from the Nunc tube and frozen upon 

a metal holder previously stored in liquid nitrogen. The 
biopsy was cryosectioned at the optimal cutting temperature of 
-20°C for the specimen holder and -30°C for the cabinet. The 
unfixed cervix was sectioned at 8 microns and groups of two 
were placed upon albumen coated slides, and dried at room 
temperature for 15 mins. The sections were then wrapped in 
silver foil and stored at -20°C until required for staining.

The stored frozen-sections were brought to room temperature 
within the tin foil wrapper, fixed in Analar acetone for 10 
mins., and allowed to dry on the bench for a few minutes to 
remove remaining acetone.
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Immunocytochemical Staining of Sections for S100 and CDla 

antigens.
The non-specific absorption sites were blocked with diluted 

normal serum from the specimen supplying the second antibody 
(diluted 1:5 for 15 mins). These are likely to be of low 
affinity so the serum is merely drained from the section 
before the primary antibody is applied. Its presence prevents 
further non-specific or unwanted specific attachment by the 
primary antibody. The S100 positive dendritic cells were 
demonstrated using rabbit anti-bovine S100 protein and 
labelled with the peroxidase labelled swine anti-rabbit.

The CDla primary antibody consisted of mouse anti-human 
CDla antiserum and labelled with the peroxidase conjugated 
rabbit anti-mouse antibody.

The series of incubations were performed in a humidified 
box and each stage was allowed lhr. followed by three washes 
5 mins each in 0.05M Tris buffer pH 7.6.

All dilutions were made with the same buffer.
All sections were incubated for 5mins. with freshly 

prepared D.A.B. chromogen and washed in tap-water for 5 mins. 
before counterstaining with 1% Alcian Blue in 3% acetic acid. 
Appropriate positive and negative controls were included.

An adjacent section from each biopsy was stained with 
Harris Haematoxylin for 2 mins. and counterstained with 1% 
aqueous eosin for lmin. for comparison between conventional 
histology and immunocytochemistry.



98
The chromagen stains both antigens dark-brown against a 

light-blue background. This colour combination gave a clear 
definition of the Langerhans cell body which was necessary for 
morphometry and photomicrography.

"Nursing" of the CDla Antigen during "Wax" Processing.
This investigation involved the setting up of combinations 

involving the processing of small pieces of cervical 
epithelium with six fixation mixtures, three dehydration 
solutions, four clearing (intermedium solutions).

All combinations were embedded in paraffin wax.
The ester-wax and aqueous wax was only attempted on 

specimens fixed in neutral buffered formalin.
The sections were stained for S100 and CDla antigens.

The "Nursing" of S100 Antigens in Frozen Sections.
Post-Fixed Cryosections.
Frozen sections were divided into four groups and each was 

placed in one of the following fixative solutions:-
Acetone for 10 minutes at -20°C.
Acetone/Ethanol Mixture 1:1 for 10 minutes at -20°C.
Formal Alcohol (10% formalin in 70% ethanol) for 15 

minutes at room-temperature.
Formal saline (10% formalin in 0.9% sodium chloride) for 

15 minutes at room-temperature.
Sections were stained separately for CDla and S100 

antigens. Paraffin sections of cervix were used as positive 
controls for S100 antigen.
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Prefixed Frozen Sections.
Specimens of cervix were fixed in formal saline and formal- 

calcium for 24 hrs and washed briefly in distilled water and 
frozen upon a chuck holder. Cryosections of lOp. thickness were 
produced and placed upon albumin coated slides and allowed to 
dry for 10 mins at room temperature. Sections were stained for 
S100 and CDla.

The necessity for trypsinisation was investigated by 
incubations ranging from 0-10 minutes. Following enzyme 
treatment every section came away from the slide necessitating 
a "hockey stick" technique (Drury & Wallington 1967) for the 
staining of free floating sections.
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Experimental comparison of adhesives.
The starch paste was prepared by dissolving lgrm powdered 

starch in 10 mis of cold water. This was diluted to 20 mis 
with boiling water. Two drops of N HC1 was added and the 
mixture boiled for 5 mins. One crystal of thymol was added to 
the solution before being aliquoted into smaller bottles. The 
slides were allowed to dry before immunostaining.

The PLL adhesive was prepared by adding the contents of 
each ampoule to 500 jil of distilled water. One drop of this 
solution was placed upon a clean slide and "smeared" with the 
edge of another clean slide as for a blood smear preparation. 
Numerous slides were prepared by this method and allowed to 
dry before being used.

The APES solution was used as a 2% solution in 99% 
industrial methylated spirits (Maddox & Jenkins 1987b).

Four batches of 12 clean slides were coated separately with 
glycerine-albumen, starch, PLL and APES.

A block of formal-calcium fixed cervix was cryosectioned 
at lOpm. thickness. Four sections were affixed to each of the 
48 coated slides and dried in an incubator at 37°C for 30 
minutes.
The slides were then immunostained for the demonstration of 
S100 antigens, and the number of sections remaining at the 
various stages of the technique noted.
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Method of preparation of Formalin-calcium fixative.
The new method was based upon a method of preparation 

decribed by Cook (1974).

5 grms. of Calcium carbonate was added to 400 mis .distilled 
water. Using agitation and pH control, concd. hydrochloric 
acid was added until nearly all the white carbonate had 
dissolved.

10 mis. of ethylene glycol and 35 grms of sucrose were 
added whilst agitation continued. Finally 40 mis. of 
formaldehyde was added and the solution allowed to stand to 
allow the white precipitate to settle before use. The small 
excess of calcium carbonate maintained the pH of the fixative 
at 4.3.

This solution will keep for months.
All biopsies used in this study were fixed at room 
temperature.

Compression effect of sectioning on morphometry.
Blocks of skin (Study la) and cervix were processed for 

paraffin, formal-calcium and unfixed frozen sections. A block 
of each was sectioned "lengthwise and widthwise" and stained 
with alcian-blue to produce stained sections similar to those 
used in the Langerhans cell analysis.
Using the MOP-Videoplan the sections were traced and a montage 
of each constructed to discover differences.
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Morphometric assessment of the four peroxidase 

labelling methods.

Three hysterectomy specimens labelled P,Q, and R, 
were collected and pieces measuring approximately 20 X 5 X 15 
mms were taken from each cervix. Each piece was divided into 
three equal slices. Each slice was orientated upon filter 
paper with the epithelial surface uppermost and fixed in the 
following ways:-

1. In liquid nitrogen cryo-storage to provide unfixed 
frozen sections.

2. In formal-calcium solution to provide fixed frozen 
sections.

3. In formal-calcium solution to provide fixed paraffin 
sections.

Formal-calcium was found to provide better preservation of 
the S100 antigens in paraffin processed material than either 
formal-saline (Egan et al.,1987) or Bouins (Takahashi & Nakano 
1989). (Unpublished data)

Serial sections from each method of tissue preparation were 
stained by the four peroxidase labelling methods. To maintain 
consistent staining all sections from a particular case (16 
slides) were stained the same day using one hour as the 
standard incubation time and the same batch of freshly 
prepared DAB chromagen. All sections were counterstained in 
1% Alcian blue in 3% acetic acid for 2 mins.
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Staining and Morphometric Analysis of Sections.
Four immunoperoxidase labelling methods were used, 
Indirect, PAP, ABC and StreptABC.

The stained dendritic cells were analysed in post-fixed, pre
fixed and paraffin processed sections using the following 
morphometric technique.

The quantitative analysis of the Langerhans cell population 
within a defined sectional area of squamous epithelium was 
performed, using a MOP-videoplan image analyser (Kontron 
Electronics Group). The optical linkage was a draw-tube 
attachment on the microscope to the digitising tablet. This 
allowed, with the appropriate magnification factor, the 
tracing of the image directly on to a sheet of graph paper. 
The area of epithelium measured was bound superficially by the 
upper limit of the epithelium, laterally by imaginary lines 
perpendicular to the surface and in depth by the basement 
membrane. The measurements of the image parameters were made 
by depressing the "pen" onto the line drawing. This type of 
analyser provides a facility whereby the number of positive 
cells can be entered into the computer and the counts per unit 
area calculated and displayed. However it was found that the 
time spent entering individual counts by depressing the "pen- 
tip" was excessive and subject to error, particularly when the 
counts were high. In the studies described all the counts were 
made with a three digit hand counter and all calculations made 
on an electronic calculator. The magnification factor was 
checked at the start of every session, and scale drawing on 
graph paper provided a record of every analysis.
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The problem of making numerical assessments of dendritic 

cells in sections is in deciding the limits of a cell count 
(point count). In this analysis a point count is one that 
consists of a cell body, stained blue with the alcian blue 
counterstain, and positively stained for the particular 
antigen and having a minimum size which is slightly larger 
than the nucleus of a basal cell. The cell must be located in 
the epithelium and preferably have dendritic processes. A 
section of skin or cervical epithelium stained to demonstrate 
CDla was used as a "standard" at the start of every counting
session. By performing a series of counts on the "standard"
relevant to the type of epithelium to be analysed it was found 
that the "eye of the analyst" would become adapted to the 
cellular definition of a point count. It was important that 
the recognition of a cell was recorded on the counter and not 
by a mental tally, this prevented error of possible 
unconscious adjustment particularly when performing repeated 
counts. The count per segment was made at least three times 
and should be within 5% of the mean; if this was not the case 
then further counts were made.
Each analysis consisted of:-
1. Cells per sq.mm. (P/A).
2. Cells per mm. length of basal mambrane (P/BL).
3. Thickness of epithelium (A/BL).
4. A measurement that reflected the degree of membrane 
undulation due to rugae pegs (BL/BX), where BX is an arbitrary 
value consisting of a measurement taken along the length of 
the basement membrane in rough parallel with the surface of



the epithelium. The recording of the thickness of the 
epithelium and the degree of undulation of the basal membrane 
provided a check on the reproducibility of each section, and 
additional information on the relationship of these parameters 
to the observed state of the epithelium.
Counts made upon the test slides were compared to the negative 
control sections to minimise error due to melanotic presence 
(Nakajima et al .,1982b).
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STUDY la.

Statistical Reproducibility of Counting.
Each biopsy taken for this study was orientated upon filter 

paper, fixed in a formal calcium solution and processed as 
described for the immunocytochemical demonstration of CDla and 
S100 positive Langerhans cells. Each section was cut at IOji 
and consisted of a length of squamous epithelium and stroma. 
The length of epithelium was divided into three by making a 
cut with a scalpel blade prior to cryosectioning, or by 
marking the stained section. This subdivision of each section 
ensured that the same regions were counted upon each section. 
Serial sections were cut and alternate sections stained. The 
numbers of Langerhans cell bodies were counted in the three 
subdivisions of each section (Tables 2 and 3, Pages 126).

The variation between serial sections, within each section 
and between stains was determined (Tables 4 and 5).

[A split block design and analysis of variance (Armitage 
et al.,1987) was used to compare the counts (Tables 4 and 5; 
Figs. 11 and 12).

Assessment of "Normal" Counts.
The length of epithelium used for the assessment of "normal 

counts" ranged from 5-10 mms. and the protocol of specimen 
preparation was used for all specimens.

Depending upon the thickness of the block, up to 12 slides 
were prepared of consecutive sections of at least two levels. 
Each level consisted of groups of two or three sections.



107
The definition of "normality" was based upon a histological 

report (Dr Jenkins) on a prepared Harris haematoxylin and 
eosin stained slide and each slide consisted of sections taken 
at the beginning, the middle and end of the section range.

Counts were made upon adjacent CDla and S100 stained slides 
and special reference was made to mild inflammatory and low 
grade viral infection.

Staining was performed in batches with appropriate 
controls.
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STUDY lb.

A Quantitative Assessment of CDla and S100 Positivity in 
Skin and Cervix of Patients with HIV infection.

A 3mm punch biopsy was taken from the skin in the midline 
on the posterior aspect of the upper arm, 15-20 cms above the 
olecranon process. Local anaesthesia with lignocaine and 
adrenaline was used for this procedure. Cervical biopsies of 
comparable size were obtained during colposcopy.

The biopsy material was immediately fixed in the previously 
described formal-calcium solution and 10p. frozen sections were 
then produced.

The protocol previously described was used to produce 
serial sections, mounted upon APES coated slides producing 10 
slides with three levels per slide. The first slide was 
stained H&E to provide the pathology case report. The second 
slide was stained CDla and the third slide S100. The remaining 
reserve sections were stored in silver foil at -20°C.
The respective antigens were demonstrated by the ABC- 
peroxidase label with appropriate controls.
Counts were made upon adjacent CDla and S100 stained slides.
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STUDY lc.

A Quantitative Assessment of CDla and S100 Positivity in 
Skin of Patients with Breast Cancer.

Fresh mastectomy and breast biopsies were collected unfixed 
from the operating theatre and skin biopsies approx lOmms x 
2mms were taken:-

(a). From a site immediately above the tumour (T0) .
(b) . From sites measured distances from (T0) . These
biopsies were selected as (T,,).

A biopsy from the tumour was taken at the same time as the 
above skin biopsies and measurements taken of its size and 
depth. Reports of lymph node involvement and tumour diagnosis 
were also made.

Control skin biopsies were taken from 18 women (mean age 
45, range 24-57 years) undergoing breast biopsies for benign 
breast disease from similar regions of the breast as those of 
the test subjects. None of these biopsies were taken from 
women with any malignant disease.

Each skin biopsy was orientated on filter paper and fixed 
in formal-calcium for 24 hrs and processed and stained for the 
counting of CDla and S100 antigens.
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STUDY Id.

A Numerical Analysis of Single and Mixed Counts.

To investigate the expression of CDla and S100 antigens 
upon Langerhans cells, consecutive sections were stained 
separately with CDla and S100 antisera and a combined mixture 
of these two antibodies. Sections of normal cervix were 
stained with the ABC immunoperoxidase labelling technique and 
the numbers of stained cells counted. It was thought that 
analysis of the numbers of stained cells from each of the 
three demonstrations would give an indication of the 
expression of these two antigens.

Mixed
count

S100
count

CD1
count

1. If the mixed antibody count is similar to the sum of the
CDla plus S100 counts then there is the possibility that 
two populations of Langerhans cells exist expressing 
CDla+S100" and CDla-S100+-

2. If the mixed antibody count is less than the sum of the
CDla plus S100 counts then there is the possibility of 
three populations of Langerhans cell expressing CDla+S100" 
CDla+S100+ and CDla“S100+.
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3. If the mixed antibody count is similar to the larger of 

two individual counts, which in almost every case is the 
CDla count then the Langerhans cell population could be 
regarded as expressing the two phenotypes CDla+S100“ and 
CDla+S100\

Blocks of tissue measuring approx. 10 X 5 x 5 nuns, were 
taken from each cervix and the protocol previously described 
was used to produce three successive sections stained for 
counting of CDla, S100 and CDla + S100 positivity.

The mixed antibody count was obtained by using a mixed 
primary antibody consisting of the the two antibodies made up 
in TBS buffer pH 7.6 at the same dilution used individually.

The biotinylated bridging antibody E353, at a dilution of 
1/300 was placed upon the sections for 30 mins. Each section 
was then washed in TBS before adding the second bridging 
antibody E354, 1/300 (Dako). The Dako ABC System was used to 
provide the peroxidase label.

Having obtained an indication of the CDla and S100 
Langerhans cell antigen expression from the immunoperoxidase 
study, a further study was designed to verify this numerical 
evidence by a double staining colorimetric method (Campbell & 
Bhatnager,1976).
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Colorimetric Method of Analysis.

For the purpose of this investigation two sequential 
double staining techniques were used.

The first combined an immunogold labelling system for the 
demonstration of CDla antigen and an immunofluorescence 
technique for the demonstration of S100 antigen.

The second used the same immunogold labelling system for 
CDla antigen and a phosphatase enzyme system for the S100 
antigen label.

Sections were trypsinised and the background staining was 
blocked by normal swine serum 1:5 prior to the application of 
a primary antibody consisting of a mixture of CDla at a 
dilution of 1:100 and S100 at a dilution of 1:200 at an 
incubation time of 4 hrs.

Sections were washed three times in in 0.05M TBS buffer 
5 mins each wash before applying the immunogold label 5nm. 
(Biocell Goat anti- mouse, LM.GAM5) dilution 1:20 for 16 hrs.

The sections were washed well in three changes of 
de-ionised or "analar" water to remove excess gold probe and 
prevent background deposit.

Enhancement of the gold label was performed with Janssen 
"Intense M" for 12-14 mins followed by a 5 mins treatment with 
1% sodium thiosulphate and a wash in distilled water.

Each section was mounted in glycerine-jelly "aqueous 
mountant" and critically appraised microscopically for its 
morphological suitability and acceptable intensity of CDla 
label, before progressing to the second label.

The mounted section was returned to TBS buffer and an
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additional 1 hr. incubation with polyclonal S100 (Dako Z311) 
antibody 1/200. Theoretically this additional application of 
S100 antibody is unnecessary as antigen sites should be 
recognised by the first application of mixed antibody; 
however, without this additional step the intensity of S100 
labelled appeared weak, making interpretation difficult.

Fluorochrome labelling of S100 antigens.
The two fluorochromes, fluorescene [FITC] and rhodamine 
[R(TRITC)] were used to produce separate preparations. 
Sections were washed three times in TBS buffer 5 mins each 
wash and the fluorochromes applied at a dilution of 1/20 for 
an incubation of 1 hour. After washing in distilled water each 
section was mounted in fluoromount and observed through a 
Leitz Dialux microscope with a light source (type 307-143004) 
and a swing turret. This enabled the fluorescence, produced by 
incident light excitation with a Leitz I2 or N2 filter block 
respectively, and the silver label, by normal transmitted 
light, to be viewed both simultaneously and sequentially on 
the same field. Control sections were included which 
eliminated the possibility of erroneous results due to cross
reactivity or false positivity.

Phosphatase labelling of S100 antigens.
Each section was treated with the primary antibody, 

washed three times in TBS buffer and treated with the 
biotinylated anti-rabbit antiserum. Sections were again washed 
three times in TBS buffer followed by a prepared solution of
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phosphatase-ABComplex. The alkaline phosphatase activity was 
demonstrated using a simultaneous capture method which 
utilised a substituted naphthol as the substrate and a 
diazonium salt as the capture reagent.

Sections were immersed in the filtered, incubating medium for 
10 mins. at room temperature, followed by thorough washing 
with distilled water.
The necessity of aqueous mountants for the preservation of the 
phosphatase label and the desire for a permanent preparation 
was overcome by thoroughly drying the stained section after 
the washing stage and mounting directly in a xylene based 
mountant.
Alkaline phosphatase labelling was seen as a deep red colour 
which contrasted well with the black gold-silver label.

Double immunoenzyme labelling of the two antigens with 
alkaline phosphatase and peroxidase (Mason & Sammons,1978) and 
double labelling with rhodamine and fluorescene (Campbell & 
Bhatnager,1976) were tried and found to give poor contrast 
between colours. The use of two separate systems such as 
transmitted light microscopy and fluorescence microscopy 
provided a good colour separation.
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CHAPTER 6. 
RESULTS.

Simultaneous Demonstration of CDla and S100 Antigens.

An investigation was made to discover if changes to the 
paraffin processing method as regards fixation, dehydration 
and clearing, both singly and combined, would preserve the 
CDla antigen.

This investigation involved the setting up of 
combinations involving the processing of small pieces of 
cervical epithelium with six fixation mixtures, three 
dehydration solutions and four clearing (intermedium 
solutions). The microtomy of the blocks showed an apparent 
deterioration in the cutting quality when methanol and 
propanol were used in the processing combination as compared 
with the standard 74 0.P.alcohol. In every case in which 
acetic acid was present in the fixative solution the cervical 
epithelium was badly preserved. There was good S100 staining 
in the epithelial dendritic cells by sections fixed in neutral 
buffered formalin, formal mercury and bouins solutions and 
processed through ethanol and xylene.

The difference in time required for adequate 'clearing' 
by the three solutions (Toluene and Chloroform for 3 hrs., 
Cedarwood Oil for 3 days), gave no improvement in the quality 
of staining by S100 antisera and no CDla positive staining.
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The use of an "aqueous" wax embedding method 

following formalin fixation produced sections of poor quality 
but since both antigens were preserved it offered an 
indication that success possibly depended upon the use of an 
alternative aqueous based system.

Attempted staining of the two antigens in frozen sections 
indicated an absence of S100 positivity in all of the batches 
of post-fixed frozen sections. All of the batches stained 
positive for CDla. Those fixed in formalin based solutions 
gave a better defined Langerhans cell body counterstained with 
alcian blue, although the background staining due to 
endogenous peroxidase in the red blood cells made recognition 
of these cells difficult. It was impossible to block this 
enzyme in post-fixed frozen sections as the peroxide reagent 
appeared to destroy the CDla antigen.

To discover if the failure of S100 positive staining in 
frozen sections was due to "quenching" creating a distortion 
of the calcium based molecule. Blocks of cervix were frozen 
and sectioned at temperatures ranging between -10°C to -20°C 
and sections fixed in the solutions previously described. S100 
was still not demonstrated. The quality of these sections was 
inferior to those produced from similar blocks quenched in 
liquid nitrogen due mainly to the considerable ice-crystal 
artifacts. Any attempt at minimising distortion of the S100 
molecule by impregnating tissue with "anti-freeze" reagents 
such as ethylene glycol, glycerol or polyethylene glycol, 
proved to be unhelpful. Blocks of tissue were soaked overnight 
in the previously mentioned solutions at dilutions of 1%, 3%
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and 6% in 0.1M phosphate buffered sucrose. They were then snap 
frozen in liquid nitrogen and cryosectioned at -20°C (chuck 
temperature) and -30°C (cabinet temperature). The higher 
dilutions of glycol produced blocks that were not hard enough 
for section production. The 1% solution of ethylene glycol 
improved the sectioning quality of the blocks but did not 
preserve S100 positive staining. The use of these solutions 
also reduced the intensity of CDla positivity.

Examination of the formal-calcium pre-fixed frozen 
preparations indicated the presence within the cervical 
squamous epithelium of S100 positive Langerhans cells. Trypsin 
digestion was necessary for a minimum of 2 minutes. There was 
no improvement in staining of these cells if the digestion 
time was increased beyond 3 minutes. The same technique was 
then repeated for the demonstration of CDla antigen using the 
same range of trypsin digestion times. It was apparent that 
enzyme digestion was not necessary for this demonstration, 
however there was a decrease in background staining with no 
loss of CDla positivity. It was also found possible to reduce 
the endogenous peroxidase background staining by the use of 
methanol and hydrogen peroxide treatment as neither of these 
reagents had a deleterious effect upon the preservation of 
either antigen.

Formal-calcium pre-fixed frozen sections provided a 
method of demonstrating both antigens however there were three 
areas requiring technical improvement.
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Prefixed cryostat sections are notorious for their 

reluctance to adhere firmly to glass surfaces especially when 
enzyme digestion is required. It was therefore necessary to 
find a method of firmly attaching these sections to microscope 
slides.

Comparison of Adhesives.
Four batches of 12 clean slides were coated separately 

with glycerine-albumen, starch, PLL and APES. Four sections of 
cervix were placed upon each slide and all four batches 
immunostained for S100 antigens.

Gelatine-albumen and starch paste were investigated as 
representative of the water soluble protein group. This group 
of adhesives was dismissed very early in the comparison as 
neither could affix sections in entirety even through the 
first TBS buffer wash.

Only two sections remained on the twelve slides coated 
with PLL and these were folded and incomplete and of no use 
for morphometry. Only two sections were missing from the 
twelve APES coated slides. Two were folded and one was 
incomplete giving a recovery percentage of 94%, against 4% for 
PLL coated slides. The critical period for section loss was at 
the tap water wash following the trypsin digestion.

APES coated slides provided the best adhesive for this 
study involving formal-calcium fixed frozen sections.
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Standardisation of the Formal-calcium Fixative

solution.

This fixative has gained support in lipid histological 
microtechnique where it is used as a 1% calcium chloride 
solution dissolved in 4% w/w aqueous formaldehyde. To minimise 
artifacts sucrose was added to raise the molarity of the 
fixative solution. The amount of sucrose used was based upon 
the 7% recommended by workers who use enzyme histochemical 
methods (Robbins & Brandon, 1981).

Ethylene glycol was added to modify the dramatic effect 
of quenching in liquid nitrogen and aid cryotomy. The addition 
of this chemical was the result of a personal observation that 
emerged during the investigation of "anti-freezing chemicals" 
to preserve S100 protein. The addition of a small quantity of 
ethylene glycol not only made serial sectioning easier, but 
also provided a better stained presentation.

Over the period that the preliminary investigations 
concerning the use of this fixative were performed, the pH of 
4.3 became an important factor in maintaining consistent and 
reproducible preservation of S100 protein. For this reason the 
method of solution preparation in this thesis was changed from 
that shown in the original paper.
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Compression effect of sectioning on morphometry.

A study was set up to discover the effect of epithelial 
orientation to cryosectioning.

There was a very small increase in the length of the 
epithelium of paraffin sections when cut in parallel to the 
basal layer of the epithelium as compared to a section 
produced when the basal layer lies tangentially. This 
distortion effect due to compression increased in the order 
paraffin, post-fixed frozen and pre-fixed frozen sections.

To ensure morphometric reproducibility each biopsy was 
orientated such that the epithelium was sectioned parallel to 
the basal layer, with the surface of the epithelium in a 
trailing position.
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Morphometric Assessment of Four Peroxidase 

Labelling Methods.

The use of the indirect peroxidase method for the 
demonstration of S100 antigens in paraffin sections and CDla 
antigens in frozen sections was adequate for the experiments 
required for the development of the formal-calcium technique. 
However this may not necessarily be the best of the 
commercially produced peroxidase labelling systems available.

Four peroxidase label systems were investigated, 
(indirect, PAP, ABC, Strep ABC.) and each was used to stain up 
Langerhans cells in serial sections from the same cervical 
biopsy. The counts were then compared to discover which system 
gave the highest value and lowest background staining and was 
the most suitable for the future studies.

The Dako ABC sytem gave the highest count of positive 
stained cells per mm. of basement length of the four 
peroxidase labelling methods.

ABC..213; SAB..179; PAP..160; Indirect..153.
(Counts tabulated Table 1, Page 123).

There was an apparent reduction in the thickness of the 
cervical epithelium in the fixed frozen sections (Area/BX) 
when compared with the same parameter of the unfixed frozen 
and paraffin sections. This may be explained by the slight 
shredding of the outer layer of the squamous epithelium or 
processing artefact.
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Since the positively stained cells are located chiefly in the 
lower third of the epithelium using the measurement of cells 
per sq. mms may be less accurate than cells per mms of 
basement membrane.

The count of S100 positive cells was higher in the fixed 
frozen sections than the paraffin sections. This may indicate 
better preservation of the antigen in the frozen sections, or 
the result of differences in biopsy sampling and processing.

There was a similarity in the CDla positive counts/mms 
length of basement membrane in both fixed and unfixed frozen 
sections.

These results support the findings of Bains & Miller 
(1988) who compared commercially produced peroxidase labelling 
systems. From the four standard immmunoperoxidase labelling 
systems, peroxidase anti-peroxidase, avidin-biotin peroxidase 
complex, indirect immunoperoxidase and streptavidin biotin 
peroxidase, the avidin-biotin complex system produced the 
highest count of positive cells.

The Avidin Biotin Complex System purchased from Dako Ltd. 
was therefore used for the remainder of the project.
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Protocol of Specimen Preparation.

The reproducibility and standardisation of histological 
technique depends considerably upon adequate biopsies, taken 
by a standard method and promptly placed in adequate 
quantities of fixative solution. (Each container was clearly 
labelled advising the nature of the specimen, and warning of 
any "hazard" according to COSHH). Where possible all specimens 
were collected and handled by the author.

Each biopsy was orientated upon filter paper with the 
epithelial surface uppermost and promptly fixed in formalin- 
calcium solution for an optimum time of 24 hrs. Prolonged 
fixation times of 4 days did not affect sectioning or staining 
but section adhesion was sometimes reduced.

The fixated specimen was washed for 5 mins. in distilled 
water to remove excess calcium ions and prevent calcium 
phosphate crystals forming in the tissue when placed in 
phosphate buffered sucrose solution to await sectioning.

One hour before cryosectioning the biopsy was removed 
from the buffered sucrose and placed in O.C.T. Medium and 
allowed to stand. This stage allowed impregnation of the 
biopsy by the "cutting medium" to produce a block of relative 
uniform texture which was easier to section.

An aluminium cryo-specimen holder was cooled in liquid 
nitrogen and a small quantity of O.C.T. medium was placed upon 
the holder and allowed to slowly solidify forming a white 
button.
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The specimen was removed from the "cutting medium" and 

carefully separated from the filter paper and orientated in 
the remaining molten medium at the apex of the button. The 
biopsy was orientated enabling a section to include the 
epithelial and stromal layers of the specimen. The button was 
easily detached from the cold chuck and reattached to a clean 
holder at room-temperatures. A small quantity of distilled 
water was placed upon the holder and the frozen O.C.T button 
firmly attached by partially submerging the base of the holder 
in liquid nitrogen.

The specimen was cryosectioned with the cryostat and 
knife setting at -30°C and the chuck holder, -20°C. The section 
thickness was set at lOjim.

The sections were picked up on APES coated slides and 
allowed to dry at room temperature for a minimum of 30 minutes 
and stored until required at -20°C. To ensure uniformity of 
technique the sections were stained within a week.

Antigen staining intensity was unaffected when allowed to 
dry at room temperature for a week. Successful staining was 
still observed after two years at -20°C.
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STUDY la.

Statistical Reproducibility of Counting and Analysis.

Table 2. Results of Skin Analysis.
Stain Section Subdivision

1 2 3 Total
CDla 1 19 16 22 57

3 16 22 18 56
5 16 19 22 57
7 19 17 19 55
9 19 18 22 59
11 17 18 23 58

106 110 126 342
S100 2 11 9 7 27

4 11 7 6 24
6 10 5 5 20
8 10 6 4 20
10 14 5 4 23
12 14 6 18 38

70 38 44 152
Sum Total 176 148 170 494
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Table 3. Results Cervix Analysis.

Stain Section
1

CDla 5 21
12 19
17 19
22 22
29 20
35 22
40 17
46 20
51 18

Total 178

S100 2 16
9 16
13 16
20 15
25 15
32 15
38 15
44 14
50 12

Total 135

Sum Total 313

Subdivision
2 3 Total
9 7 37
10 8 37
11 10 40
9 7 38
9 7 36
8 7 37
8 7 32
7 7 34
9 8 35

80 68 326

12 10 38
11 9 36
11 10 37
11 9 35
10 10 35
8 14 38
10 11 38
7 10 31
7 13 32
87 96 318

167 164 644
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Fig 7. Graph Showing Results of Skin Analysis
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Fig.8. Graph Showing Results of Cervical Analysis.
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Comparison of the cervix and skin counts (Study la).

In general the skin biopsies cut more easily than the 
cervix biopsies; since it was important that the three 
segments were suitable for counting, two sections at each 
level were placed on a slide to provide a degree of selection.

Testing section variation was made by comparing the total 
count of each section with others in its group. There was no 
significant count difference between sections in cervix or 
skin whether stained for CDla or S100 antigens.

Testing stain variation was made by comparing the sum 
totals of all counts. In the skin case the count of CDla 
positive cells was significantly higher (342) than the S100 
count (152) whereas there was no significant difference 
between the two antigens in the single cervix case (325 and 
318) .

Testing division variation was made when comparing the 
sum total of each with its neighbour. There was no significant 
difference between the divisions in skin (176, 148, 170) but 
a significant difference in cervix (313, 167, 164). In the 
cervix case division 1 was significantly higher than either 2 
or 3 and indicates more variability and significant 
interaction.

Thus from just a single case of cervix and skin it 
appeared that changes in Langerhans cell counts were more 
localised in cervix than skin. However in both cases there was 
no significant difference in counts between sections and the 
stated morphometry could therefore be used in the study.
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A Qualitative Assessment of CDla and S100 Positive Stained 

Langerhans cells in "Normal Skin and Cervix" (Study la).

Table 7. CDla and S100 counts in 24 cases of normal cervix.
(expressed as cells/mm.length of basement membrane).

Case No. CDla counts. S100 counts. Pathol. Report
1 21 20 Minimal HPV.
2 11 4 HPV infection.
3 20 6 HPV infection.
4 19 3 HPV infection
5 20 5 HPV infection.
6 26 13 HPV infection.
7 24 6 HPV infection.
8 13 10 Normal.
9 7 9 Normal.
10 27 38 Normal.
11 24 16 Normal.
12 29 22 Normal.
13 27 19 Normal.
14 29 22 Normal.
15 27 17 Normal.
16 10 12 Normal.
17 12 13 Normal.
18 13 13 Normal.
19 18 18 Normal.
20 19 11 Normal.
21 33 27 Normal.
22 13 6 Normal.
23 8 8 Normal.
24 9 9 Normal.
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Analysis of CDla counts of "normal" cervix group (Table 7).

The median of the 24 cases was 19.5, and the mean 19.1 
cells/mm length of basement membrane (SD. 7.7, 95% Cl. 17.5 to 
20.7).

The median and mean of the 7 cases which were diagnosed, from 
an accompanying H&E stained slide, as having HPV was 20.1 
cells/mm length of basement membrane (SD 4.7, 95% CL. 21.9 to 
18.3) .

The remaining 17 cases reported as normal from an H&E section 
had a median of 18.0 and a mean of 18.7 cells/mm length of 
basement membrane (SD 8.7, 95% Cl. 20.8 to 16.6).

Analysis of S100 counts of "normal" cervix (Table 7).

The median of the 24 cases was 12.5 and the mean 13.6 cell/mm 
length of basement membrane (SD 8.3, 95% Cl.11.9 to 15.3).

The median of the first 7 cases with HPV was 6.0, and the mean 
8.1 (SD. 6.2, 95% Cl. 6.0 to 10.5).

The median of the remaining 17 cases was 13.0, and the mean 
15.9, (SD. 8.1, 95% Cl. 12.0 to 19.8)

(Result shown in Table 9 page 140)
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Table 8. Results of CDla and S100 counts of normal skin.

(Counts expressed as cell/mm length of basement membrane).

Case NO. CDla Counts. S100 Counts.
1 25 29
2 23 11
3 28 26
4 35 23
5 28 24
6 23 24
7 22 22
8 24 18
9 13 22
10 23 7
11 26 6
12 29 20
13 34 25
14 21 22
15 27 13
16 32 13
17 26 19
18 30 12
19 25 16
20 27 20

Pathologist report.
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
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Analysis of the CDla counts of "normal" breast skin (Table 8).

The median of the 20 cases was 26.0 and the mean, 26.1 
cells/mm of basement membrane (SD. 4.9, 95% Cl. 25.0 to 27.2).

Analysis of the S100 counts of "normal" breast skin (Table 8).

The median of the 20 cases was 20.0 and the mean 18.0 cells/mm 
length of basement membrane (SD. 6.5, 95% Cl. 16.6 to 19.5).

The Wilcoxen Rank Test for the CDla and S100 counts for the 20 
cases gave a Z value of 3.67 (P=0.00028).

Although the number of cases used in this study was low, 
the CDla positive cell counts were slightly higher than the 
S100 positive counts with a greater range of counts in the 
cervix (95% C.I. 17.5 to 20.7) than skin (95% C.I. 25.0 to 
27.2).

Results shown in Table 9 page 140.
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Table 9. Results of "normal" study

Section Cases Median Mean
CDla S100 CDla S100

N. Cervix 1-24 19.5 12.5 19.1 13.6
1-7 20.1 6.0 20.1 8.1
8-24 18.0 13.0 18.7 15.9

N. Skin 1-20 26.0 20.0 26.1 18. 6

Table 10. Summary of the results of the Wilcoxon Rank Test
performed upon the "normal study" (Study la).

Tissue Case Perameters Z P
N.Cervix 1-24 CDla and S100 2.49 0.0128

1-7 CDla and S100 2.63 0.0085
8-24 CDla and S100 1.02 0.307
1-24 CDla(1-7)(8-24) 0.35 0.7263
1-24 S100(l-7)(8-24) 2.38 0.0173

N.Skin 1-20 CDla and S100 3.67 0.0028
H0>1.96 (P=0.0500)

In general there were major differences between the two 
antigens in both normal skin and cervix but it was seen from 
the cervix group 8-24 that this difference was reduced if the 
criteria of ’'normality" was carefully observed.

There was a significant difference in S100 counts between 
sections of cervix reporting minor papilloma viral changes but 
no significant differences for CDla.
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The two-sample nonparametric Wilcoxon rank test (Altman, 
1991), was used to compare the CDla and S100 counts for the 24 
cases and gave a Z value of 2.49, (P=0.0128). The same test 
was performed upon the first 7 cases and gave a Z value of 
2.63, (P=0.0080).

For cases 8-24, the Z value was 1.02 (P= NS).

The same rank test was performed upon the two sets of cases of
CDla counts. The Z value for the test was 0.35,(P=NS).
The same test for the two sets of S100 counts produced a Z
value of 2.38 (P=0.0173).
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Fig 9. Photomicrograph of a section of normal cervical 
epithelium stained for CDla antigens by ABC- peroxidase 
with alcian blue counterstain. Mag.X400.
(Study la).

Fig.10. Photomicrograph of a section of normal cervical 
epithelium stained for S100 by ABC-peroxidase with alcian 
blue counterstain. Mag.x40Q. (Study la).
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Fig. 11. Photomicrograph of a section of normal breast skin 
stained for CDla antigens by ABC-peroxidase with alcian 
blue counterstain. Mag. X400. (Study la).

Fig. 12. Photomicrograph of a section of normal breast skin 
stained for S100 antigens by ABC-peroxidase with alcian 
blue counterstain. Mag. X400. (Study la).
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Table 11. Results of CDla and S100 counts on 24 cervical 
biopsies (expressed as cells/mm length of basement membrane) . 
collected from patients diagnosed as being seropositive for 
HIV. (Study lb).

Case No. CDla Counts. S100 Counts. Path. report.
1 24 4 N.S.A.
2 17 8 Inflam.
3 2 1 N.S.A.
4 3 2 N.S.A.
5 8 1 N.S.A.
6 22 0 N.S.A.
7 17 4 N.S.A.
8 6 3 N.S.A.
9 5 2 Sq.Metaplasia.

10 9 3 Min. H.P.V.
11 25 1 N.S.A.
12 10 1 N.S.A.
13 23 1 N.S.A.
14 17 0 N.S.A.
15 13 5 N.S.A.
16 18 11 Normal
17 31 4 Normal
18 27 1 Min. H.P.V
19 35 1 Basal Hyperplasia
20 6 1 Normal
21 16 3 Normal
22 23 6 Normal
23 26 8 Normal
24 25 3 Min. H.P.V.

key:- Pathologist (DJ) report made on an H&E stained section. 
Normal, Indicates a normal cervical epithelium In contrast to 
one which Indicates mild changes of no specific abnormality 
(N.S.A). H.P.V., Indicates more specific changes Identified
with human papilloma virus.
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Analysis of positive counts in biopsies of HIV. infected 

cervix (Table 11).

The median count for the CDla counts of the 24 cases was 
17.0 and the mean 16.6 (SD. 9.8, Cl. 18.6 to 14.6) cells/mm 
length of basement membrane.

A similar analysis of the S100 positive cells in the same 
biopsies gave a median count of 2.5 and a mean count of 3.1 
(SD. 2.8, Cl. 3.7 to 2.5) cells/mm length of basement 
membrane.

The Wilcoxon two-sample non-parametric test of the CDla 
and S100 counts gave a Z value of 5.14, (P value less than 
0.00006).



144
Table 12. Results of CDla and S100 counts on 16 skin 

biopsies (expressed as cells/mm length of basement membrane), 
collected from patients diagnosed as being seropositive for

Case NO. CDla counts S100 counts Pathol. Report.
1 36 9 Normal
2 27 2 Normal pigm. skin3 28 17 Normal4 25 11 Normal
5 37 12 Lymph, inf il. skin6 23 8 Normal7 18 11 Normal
8 31 24 Normal
9 29 8 Normal

10 26 11 Normal
11 32 24 Normal
12 29 8 Normal
13 23 14 Normal
14 34 25 Lymph. inf il. skin
15 13 12 Normal
16 19 4 Normal

Key: Normal:- indicates a normal piece of epithelium as
reported on an H&E stained section.

Lymph, infil.skin:- indicates a normal biopsy of skin 
with an infiltration of lymphocytes from stroma to epithelium. 

Pigm. skin:- indicates pigmented skin.
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Analysis of the positive counts in skin biopsies from HIV

infected patients (Table 12).

The median of the CDla counts of the 16 cases was 27.5 
and the mean 26.9 (SD. 6.6 Cl. 28.6 and 14.0) cells per mms. 
basement length.

The median of the S100 positive counts in the same 
biopsies was 11.0 and the mean 12.5 (SD.6.9 Cl.14.2 and 10.8) 
cell per mms. basement length.

The Wilcoxon two-sample non-parametric test gave a Z 
value of 4.17, (P value less than 0.00006).

Table 13. Summary of HIV. Results.

Section Cases Median Mean
CDla S100 CDla S100

Cervix 1-24 17.0 2.5 16.6 3.1
Skin 1-16 27.5 11.0 26.9 12.5

A comparison of the CDla and S100 counts from these
biopsies indicates a significant difference when tested with 
the Wilcoxon test. The Z value for cervix was 5.14
(P=<0.00006) and for skin 4.17 (P=<0.00006).
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Table 14. The counts from the HIV study lb, compared with the 
results from the "Normal" study la, using the Wilcoxon Rank

Test.

Case Antigen Z P
Cervix CDla 0.01 0.992

H  Skin CDla 0.62 0.5353
Cervix S100 5.17 <0.00006

IrilV Skin S100 2.39 0.0168
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Fig.15 Comparison of CDla and S100 positive counts in
Studies la and lb.
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Photomicrographs showing a difference in numbers of CDla and 
S100 positive cells in skin from HIV infected patient.

Fig 13. Photomicrograph of a section of skin from an HIV 
infected patient stained for CDla antigens by ABC- 
peroxidase with alcian blue counterstain. Mag. X100.

(Study lb).

Fig 14. Photomicrograph of a section of skin from an HIV. 
infected patient stained for S100 antigens by ABC- 
peroxidase with alcian blue counterstain. Mag. X100.

(Study lb)





Photomicrographs showing a difference in numbers of CDla and 
S100 positive cells in cervical epithelium from HIV infected 
patient.

Fig.15. Photomicrograph of a section of cervical epithelium 
from an HIV infected patient stained for CDla antigens by 
ABC-peroxidase with alcian blue counterstain. Mag. X100.

(Study la).

Fig.16. Photomicrograph of a section of cervical epithelium 
from an HIV infected patient stained for S100 antigens by 
ABC-peroidase with alcian blue counterstain. Mag. X100.

(Study la).
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Results Study lc.

Table 16. Results of CDla and S100 positive In 35 biopsies of 
breast epidermis taken from over the cancer and distant from 
the cancer, (counts/mm length of basement membrane).

TO indicates counts above tumour.

T1 indicates counts distant from tumour.
Case CDla counts. S100 counts.

TO T1 TO T1
1 39 18 25 18
2 21 22 26 22
3 31 18 09 07
4 22 21 20 25
5 20 18 16 15
6 22 14 08 05
7 45 46 37 46
8 52 38 32 31
9 29 27 21 22
10 18 21 14 16
11 22 18 18 18
12 29 21 23 23
13 32 21 13 21
14 25 23 20 16
15 26 18 20 15
16 22 14 16 15
17 34 26 11 21
18 16 24 15 16
19 11 06 13 10
20 22 24 22 25
21 25 18 06 06
22 22 21 16 17
23 25 18 19 14
24 48 24 47 19
25 24 25 14 17
26 14 11 12 08
27 21 24 24 17
28 28 22 19 14
29 19 18 17 21
30 19 14 10 12
31 30 24 22 23
32 27 21 20 17
33 15 11 05 10
34 30 21 16 17
35 22 19 07 05

—  M tan  _ ciisfcuice bztiJetn X  amf.77 c S t e i n s
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Table 17. Results comparing the TO and T1 counts with 

those of normal breast skin (N=35).

CDla counts S100 counts

TO T1 Normal skin TO T1
Mean 26.0 20.8 26.1 18.6 18.1 17.2
S.D. 9.1 7.05 4.9 6.5 8.6 7.8
95%CI 29.0 23.2 • If* 21.0 19.8

23.0 18.4 )S>& 15.2 14.6
Median 24.5 21.0 26.0 20.0 17.5 17.0

Table 18. A comparison of the counts from regions TO and 
T1 with the counts from the "Normal" Cases (study la) using 
the Wilcoxon Rank Test.

Antigen
CDla
CDla
S100
S100

Region
TO
T1
TO
T1

Z
1.0

3 -6
0.8
1.2

P-Value 
0.304$ (NS) 
< 0 . oooei
O.&Oi 0 (NS 
0.2301 (NS)
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There was a significantly lower count of CDla positive 

Langerhans cells away from the cancer compared to the 
overlying skin biopsy in the same patient.

The counts over the cancer were very similar to those of 
the controls.

There were fewer CDla positive cells in the distant skin 
biopsies of patients compared to controls.

There was no significant difference between the counts of 
S100 positive cells over the tumour and distant from the 
tumour.

There was no significant difference between the S100 
counts in breast skin overlying cancer and breast skin from 
the "normal” group used for Study la.
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Fig.16. Graph showing the CDla and S100 counts
(from Table 16), over the cancer and distant from the cancer.



• ©99© ©?9 ©99*9 9 9
II 999 * 9991*9 9 9 9999 O  1X3

TJ E

Oo  a) o  T-  >  E  C/5 O § ■*—»
9e99*99e99999999999999

o
o

*U
ciS c  £

e e» ©
9099999 99

Q. 99 __ _
9 999999999 99999 999

o
CD

Oto O o
CO

o
CM

O O



155
STUDY Id.

The Results of the study Investigating the CDla and S100 
Phenotypic Expression in Cervical Epithelium.

Table 19. The S100, Cdla and SlOO+CDla positive stained counts 
using single and mixed antibodies.
(counts expressed as the number of positive stained cells per 

square millimetre of epithelium).

Case No. S100. CDla. SlOO+CDla
1 74 161 164
2 109 144 179
3 86 120 151
4 158 207 251
5 83 124 163
6 173 160 233
7 151 145 228

Counts performed upon stained sections taken from seven 
"normal" cervical biopsies obtained from different patients 
indicated mixed antibody values lower than the sum of the 
separate CDla and S100 antigen counts suggested that all three

phenotypes:-
CDla+S100+, CDla+S100"r and CDla~100+ are expressed by 

Langerhans cells of normal human cervix.
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Colorimetric Method of Analysis.

Langerhans cells in formal-calcium fixed frozen section 
of normal human cervix were double-stained with an immunogold 
technique for CDla antigens and either rhodamine, fluorescein 
or phosphatase for S100 protein antigens.

The majority of CDla positive stained dendritic cells 
also stained for S100 but the intensity of staining varied 
from one cell to another, and from one epithelial field of 
view to another. The CDla positivity was mainly confined to 
the cell membrane while the S100 positivity appeared in the 
cell body. The two antigens were often expressed in a patchy, 
irregular fashion such that only part of a cell was labelled.

A very small group of cells appeared to stain S100 
positive only, and these were chiefly found adjacent to the 
basal region of the cervical epithelium.
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Photomicrographs showing that both CDla and S100 antigens are 
expressed by Langerhans cells of normal cervix.

Fig. 17. Photomicrograph of normal cervix stained for CDla 
antigens with immunogold IG5 label. Mag. X800.

(Study Id).

Fig.18. Photomicrograph of same field as Fig.18, stained with 
rhodamine (TRITC) fluorochrome. Mag. X800.

(Study Id).





158

Fig. 19. Two photomicrographs of a double-stained section of 
normal cervix stained with IG5 label for CDla antigens 
and ABC-phosphatase for S100 antigen. Mag. X800.

(Study Id).
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Table 20. Comparison of CDla/SlOO ratios of normal cervix and 

skin (Study la), HIV cervix and skin (Study lb), 
and TO and T1 breast skin (Study lc).

Case Cervix Skin Cervix Skin Breast Skin
No. Normal Normal HIV HIV TO T1
1 1.5 (HP V ) 0.9 6.0 4.0 1.6 1.0
2 2.8 ,, 2.1 2.2 13.5 0.8 1.0
3 3.3 ,, 1.1 2.0 1.7 3.4 2.6
4 6.3 ,, 1.5 1.5 2.3 1.1 0.8
5 4.0 ,, 1.2 8.0 3.0 1.3 1.2
6 2.8 ,, 1.0 22.0 2.9 2.8 2.8
7 4.0 , , 1.0 4.3 1.6 1.2 1.0
8 1.3 1.3 2.0 1.3 1.6 1.2
9 0.7 0.6 2.5 3.6 1.4 1.2
10 0.7 3.3 3.0 2.4 1.3 1.3
11 1.5 4.3 25.0 1.3 1.2 1.0
12 1.3 1.5 10.0 3.6 1.3 0.9
13 1.4 1.4 23.0 1.6 2.5 1.0
14 1.3 1.0 17.0 1.4 1.3 1.4
15 1.5 2.1 2.6 1.1 1.3 1.2
16 0.8 2.5 1.6 4.8 1.4 0.9
17 0.9 1.4 7.8 3.1 1.2
18 1.0 2.5 27.0 1.1 1.5
19 1.0 1.6 35.0 0.8 1.6
20 1.7 1.4 6.0 1.0 1.0
21 1.2 5.3 4.2 3.0
22 2.2 3.8 1.4 1.3
23 1.0 3.3 1.3 1.3
24 1.0 8.3 1.1 1.3
25 1.7 1.5
26 1.2 1.4
27 0.9 1.4
28 1.5 1.6
29 1.1 0.9
30 1.9 1.2
31 1.4 1.0
32 1.4 1.2
33 3.0 1.1
34 1.9 1.2
35 3.1 3.8

Mean 1.2 1.7 9.6 3.1 1.7 1.4
Mean of HPV group 3.5.
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Fig. 20. Graph comparing the CDla/SlOO count ratios from 
studies la, lb and lc.
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CHAPTER 7.

DISCUSSION.

Almost 25 years have elapsed since the discovery of S100 
protein, but still there are no clues as to its function. 
Despite this situation, numerous studies have been designed 
and interpreted as to implicate SI00 protein in learning and 
memory processes (Hyden et al.,1970). The tendency for such an 
interpretation is not new as the basic concept postulated by 
Moore in 1965 in his search for specific neural antigens was 
that such proteins, soluble or insoluble (membrane proteins) 
would be directly related to the specialised functions of the 
nervous system.

The advances in the analysis of protein biochemistry, 
immunocytochemistry and the availability of tissue culture 
systems have enabled the isolation and characterisation of 
many proteins specific to nerve tissue such as S100 and 
neurone specific enolase (previously known as 14-3-2). Neurone 
specific enolase (NSE) which is now discussed in terms of a 
role in glucose metabolism experienced a similar hypothetical 
interpretation as S100 during its early investigation 
(Moore, 1972). Experiments designed to examine the effect of 
drugs and learning tasks on the level of NSE showed that these 
variables increased NSE in certain brain regions (Zomzely- 
Neurath & Walker, 1980). The results were interpreted with the 
inference that this brain-protein had some role in learning
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and memory. Unfortunately, identification and isolation of a 
protein specific to nervous tissue without knowledge of its 
biological function presents difficulty in designing 
experiments to elucidate its physiological role. Although the 
presence of brain-specific proteins reflects the selective 
genetic expression of the highly differentiated cell types in 
the brain, it does not necessarily follow that any brain 
specific protein is directly involved in such brain specific 
processes as memory and learning. It is possible to design 
studies that correlate changes in the level of a nervous 
system-specific protein with various conditions such as 
disease, drug treatment, behavioural modification and 
development. Although this protein may be cell specific, 
without knowledge of its function, interpretation of 
experimental data in terms of the protein's physiological role 
is impossible.

The widespread distribution of S100 protein in 
regions of the body other than the brain, its inclusion among 
the calcium-based proteins, and the involvement of calcium 
ions as "trigger or messenger molecules" (Carafoli & Pennison 
1985), prompted this comparative study in a population of 
circulating cells whose function is gradually becoming 
understood (although incompletely as yet). Taking the 
expression of the CDla antigen as the "gold standard" for 
Langerhans cell demonstration it is possible to relate the 
numbers of Langerhans cells to the histological appearance and 
pathology involved.
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A study which uses an improved technique to measure 

variations in the expression of S100 protein relative to the 
expression of CDla antigen in a population of cells that are 
of such significance to the afferent limb of the immune system 
(Shelly & Juhlin 1976, Boog et al 1985, Stingl et al., 1980, 
Streilin et al., 1980a), may be one way of seeking answers to 
the "function" of S100 protein.

In order that such a comparison could be made it was 
necessary to develop a technique that would permit the 
simultaneous detection of both antigens. Since paraffin 
sections are more amenable than frozen sections from the point 
of view of technical manipulation, reproducibility of section 
and staining it seemed prudent to investigate the possibility 
of preserving the CDla antigen against the rigors of paraffin 
processing, rather than preserve S100 antigens in frozen 
sections. Changes to the paraffin processing method as regards 
fixation, dehydration and clearing, both singly and combined, 
were unsuccessful due possibly to the dehydration effect of 
alcohols. The preservation of CDla and S100 antigens in 
sections obtained from tissues embedded in "aqua-waxes" 
although poor in quality, and failing to satisfy the criteria 
to which this investigation was aimed, indicated that a 
successful preservation of both antigens could be obtained by 
exploring frozen methods. There was an absence of S100 
positivity in all of the batches of post-fixed frozen sections 
possibly due to distortion of the molecule during freezing 
(Callissano et al.,1973, Vanstapel et al., 1986). The
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successful demonstration of the two antigens was obtained by 
using formal-calcium prefixed frozen sections. This form of 
fixation is used for the preservation of phospholipid but had 
the disadvantage that the frozen sections did not adhere 
firmly to glass slides.

The problem of section adhesion was overcome by the use 
of an alcoholic solution of 3-aminopropyltriethoxysilane 
[APES] (Maddox & Jenkins 1987a, Rentrop et al.,1986) which 
also stabilised the sections during enzyme digestion, 
endogenous enzyme blocking and buffer washing. The ability to 
block the endogenous peroxidase in formal-calcium fixed frozen 
sections overcame the endogenous staining that is so 
frequently a problem in other forms of frozen section.

The safety hazards and inconveniences for specimen 
collection, preparation and storage of fresh material are 
reduced when using fixed surgical material. This study did 
not investigate the preservation of many antigens in prefixed 
frozen sections but it is certain that by varying the fixative 
other antigens whether for routine or research studies may 
benefit from this technique. It was found that by using 
formal-mercury fixation the Class II marker HLA-DR could be 
demonstrated by the antisera TAL IB5, (Epenetos et 
al.,1985).

The ABC immunoperoxidase labelling system was found to be 
the best labelling method for this study and diaminobenzidine 
the best substrate for the visualisation of the enzyme label. 
(Table 1). Attempts had been made to improve the sensitivity 
and intensity of the reaction product by modifying the DAB
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solution with the addition of heavy metal ions (Green et 
al.,1989). The use of cobalt and nickel salts (Adams et 
al.,1981) did not improve the slide presentation.
Metal precipitate often developed and the additional stages 
required for the intensification offered a higher risk of 
physical damage to the sections.

In the literature there is controversy over the 
presentation of cell counts (Horton et al.,1984). In this 
thesis the numerical analysis of the Langerhans cell 
population within a defined sectional area of squamous 
epithelium was performed, using a MOP-videoplan image analyser 
(Kontron Electronics Group). The epithelial image was traced 
by means of a draw-tube linkage to the digitising tablet. The 
area of epithelium measured was bound superficially by the 
upper limit of the epithelium, laterally by predetermined 
lines perpendicular to the surface and in depth by the 
basement membrane. Bieber, (Bieber et al.,1988) stated that 
the major problem in the choice of an appropriate assessment 
method of Langerhans cells in vertical tissue sections is 
linked to the understanding of their role in the epidermis. If 
one accepts that they are only supposed to form a supra-basal 
network, then a unidimensional parameter such as celIs/mm 
length of epidermal surface can be used. If on the other hand, 
it is accepted that the supra-basal network is associated with 
epidermal proliferation then the quantification of Langerhans 
cells per 200 basal cells or cells/mm basal length seemed 
acceptable. However, with regard to the concept that
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Langerhans cells act as antigen presenting cells for the whole 
epidermal volume, the cells per unit area would seem more 
appropriate.
In this study each count analysis was represented as cells per 
sq.mm. (P/A) and cells per mm. length of basal membrane 
(P/BL).
Study 1 revealed a discrepancy between the counts based upon 
the epidermal volume of the cervix. This was explained by 
volume differences created by surface damage during 
processing. Since the dendritic cells were confined to the 
lower third of the epithelium the count per mm. basal length 
was unaffected by this artifact. Throughout all the studies 
the counts have been expressed in relation to the basal 
membrane (P/BL).

The skin and cervical epithelium used for the statistical 
reproducibility of counting and analysis (Study la) was 
reported as "normal". Each was divided into three segments and 
alternate serial sections stained with CDla and S100 antisera. 
The numbers of Langerhans cells counted in the three 
subdivisions revealed a reproduciblilty of counting but 
significant differences in distribution between the two sites. 
In the breast skin, there were fewer S100 stained cells than 
CDla positive cells with no significant variation in the 
counts along its length. The cervical epithelium failed to 
show any difference between the CDla and S100 counts but a 
significant difference between the divisions. One division had 
a much higher count than the other two and this variation



existed throughout the 0.5 mm depth of cervix sectioned. The 
even distribution of stained cells demonstrated along the 
length of skin as compared with the focal changes seen in 
cervix can be explained by the different environments of the 
two sites.

An attempt at defining a range for normal S100 and CDla 
counts for skin and cervix was made in Study la and was based 
upon the expression of "normality", both from the patient's 
history and the pathological report of an H&E stained 
sequential section. To reduce error due to sunlight and body 
region variation all the skin biopsies were taken from the 
female breast. The cervical biopsies were taken from patients 
undergoing hysterectomy for conditions not involving the 
cervix. The majority of cervices had been treated with acetic 
acid and Lugols iodine. In a study now in progress (Maddox & 
Szarewski) the "aceto-white phenomenon" is being investigated 
and has demonstrated that these solutions penetrate the 
epithelium producing destruction of NADPH diaphorase enzymes 
[Fig.21 and 22]; (Bancroft, 1975), with possibly the 
destruction of some antigen staining. The two antigens, CDla 
and S100, have been found to be stable to the effect of these 
solutions.
The concept of "normality" portrayed by the stained Langerhans 
cells in Study la was of a regular distribution of dendritic 
cells confined to the lower half of the epithelium. Each 
Langerhans cell counted consisted of a cell body with at least 
two processes. Among the cervix biopsies collected as
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Photomicrographs to illustrate a region of diaphorase 
extinction that occurs following treatment with iodine at 
colposcopy.

Fig.21. A photomicrograph from a frozen section of a cervical 
colposcopic biopsy post fixed in formal saline and 
stained with haematoxylin and eosin (H&E). Mag. X100.

Fig 22. A sequential section to that shown in Fig.21, unfixed 
and stained for diaphorase enzyme with neutral red 
counterstain to show extinction region due to iodine 
pretreatment at colposcopy. Mag. X100.
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"normal", seven were reported as having minimal change human 
papilloma virus infection. Although this group was small in 
number there was a decrease in S100 expression (median 6.0), 
compared with the remaining seventeen cases (median 13). The 
median CDla positive counts were 20 and 18 respectively.

The reduction in Langerhans cell counts and its 
association with cytopathic changes and virus intensity is 
reported in an appended publication 9. The viral subtype HPV 
16 which is also found in women with apparently normal 
cervices (Editorial Lancet 1987) has been strongly associated 
with cervical neoplasia (McCance, 1988) but the reduction in 
cell numbers has not been shown to be dependent of HPV type. 
This study made no allowance for the patient' s smoking habits. 
A previous study (appended 8) used the pre-fixed frozen 
technique to show a decrease in Langerhans cell counts for 
both antigens in cervical precancer which could be related to 
both smoking and to HPV infection.
T-cell numbers were likewise decreased (appended 2) but those 
of macrophages (appended 3) and natural killer cells (Tay et 
al., 1987c) seem to rise. The effect of cofactors such as 
smoking (Barton et al 1988) on the cervical local immune 
response may influence the outcome of a specific HPV 
infection. Such complex alterations in local cellular immunity 
may be important in determining whether an HPV infection 
persists, progresses, regresses or undergoes a premalignant 
change.
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Langerhans cells carry antigens and receptors identical 

to those of classical macrophages and the T-cell marker CD4 
(Wood et al 1983). The CD4 molecule is believed to serve as a 
binding site for HIV (Lederman et al., 1986, McDougal et al.,
1986), but there have been inconsistent reports on Langerhans 
cell counts in HIV infected epithelia. In the literature 
Belsito et al.,(1984,1986), Romani et al,(1987), and Oxholm et 
al (1986), reported a decrease in counts, whereas Groh et al 
(1986) and Kanitakas et al (1989) failed to detect any 
alteration in the number of CDla positive cells. Studies that 
have used S100 as a marker have been few (Ramsauer et 
al.,1988), and these have reported a very low count relative 
to "normal".

Study lb investigated the effect of HIV seropositivity 
on CDla and S100 counts in biopsies from skin and cervix.
The use of pre-fixed frozen material reduced the hazard that 
would have otherwise existed with post fixed sections of HIV 
material. The disease status of the patients from whom the 
biopsies were taken for this study was incomplete but most 
were within groups 2 and 3 and none within group 4 of the CDC 
Classification. No data were available on their smoking 
habits.

The pathology reports on stained sections of each biopsy 
indicated that each was within "normal" limits. Morphometric 
analysis revealed no significant difference between the CDla 
counts of HIV skin and normal skin (Z value 0.62) or HIV 
cervix and normal cervix (Z value 0.01). A significant
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difference was found on comparing the S100 counts of HIV 
cervix and normal cervix (Z value 5.2) but a smaller 
difference between HIV skin and normal skin (Z value 2.39). 
The larger decrease in S100 counts seen in cervix could be 
explained by an exaggerated vulnerability of that region to 
opportunistic infection following HIV infection. The
morphology of the Langerhans cells was similar to those seen 
in "normal" epithelia but occasionally larger stained 
cell- bodies were seen with longer processes (Fig. 1). These 
atypical dendritic cells could be the result of viral
infection which has been reported previously (Tschachler et 
al., 1987, Dreno et al., 1988).

Study lc used the frozen technique to investigate the 
differential expression of Langerhans cells stained for CDla 
and S100 antigens in the epidermis of women with early breast 
cancer. Biopsies were obtained from skin overlying and distant 
from the tumour. The counts in women with breast cancer were
compared with those in normal skin taken from women with
benign breast disease and defined in study 1. Paired biopsies 
from specific sites in the same patient were used to allow for 
previously reported differences between anatomical sites in 
the same subject and between comparable sites in different 
subjects (Horton et al.,1984). In the epidermis overlying a 
carcinoma the count of Langerhans cells bearing CDla antigens 
and the proportion of Langerhans cells staining with S100 
antibody were not significantly different from normal breast 
skin (Z value 0.3 and 0.8 respectively). In epidermal biopsies
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distant from the tumour there was a 20% reduction in CDla 
positive Langerhans cell counts and a 17% increase in the 
proportion of S100 positive cells. There was a significant 
difference between the CDla positive counts in this region and 
normal skin (Z value 4.7) but no significant difference 
between SI00 and normal skin (Z value 1.2).

The density of Langerhans cells in the skin depends on 
the rate of migration and self renewal. Murine (Katz et al., 
1979) and human (Volk-Platzer et al.,1974) Langerhans cells 
originate in bone marrow from a monocyte/macrophage cell line 
(Goordyal & Isaacson 1985). These precursors are present among 
the pool of circulating monocytes and migrate into the 
epidermis where they transform into Langerhans cells.

The alterations in the numbers and phenotype of 
Langerhans cells could be due to reduction in the ability of 
monocyte precursors to undergo differentiation and self 
renewal, or abnormalities of keratinocytes to induce 
differentiation and support renewal. There is evidence of 
abnormal monocyte function in patients with breast cancer. In 
vitro studies have shown a reduced monocyte migration 
(Snyderman et al., 1978, Al-Sumidaie et al., 1987)' reduced 
monocytic-macrophage transformation (Taylor & Currie 1979) and 
reduction in phagocytic activity (Spillert et al., 1988)’ In 
addition increased lysozyme production (Al-Sumidaie et al.,
1987) and procoagulant activity (Spillert et al., 1988) have 
been found. Retroviral particles and reverse transcriptase 
activity have been described in the monocytes of breast cancer 
cases (AL-Sumidaie et al., 1988) and the intrinsic antiviral
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activity of macrophages harvested from cancer cases has been 
shown to be impaired (Merdino et al.,1988). The decrease in 
numbers of Langerhans cells and changed phenotype seen in 
distant skin from patients with breast cancer compared to 
women with benign breast disease may be explained by abnormal 
monocyte function. Bergfelt (Bergfelt et al., 1988) using 
anti-Iak and ATPase markers, found a 44% increase in the 
density of Langerhans cells overlying tumours which had been 
injected subcutaneously. This increased density did not seem 
to be related to the histocompatibility of the various cell 
lines. The relative increase in Langerhans cells in skin 
overlying the cancer compared with skin elsewhere may be 
caused by the local effects of the tumour, releasing 
associated products from malignant epithelial cells, stroma or 
the host cellular response. Dfikt^etL-hypersensitivity responses 
to Tuberculin purified protein derivative (Hughes & Mackay 
1965), dinitrochlorobenzene (Jain & Khanna, 1988), and other 
allergens (Burdick et al., 1975) are reduced in some patients 
with breast cancer, the degree of reduction often appearing 
greatest in cases of advanced disease and poor prognosis 
(Black et al., 1988) . Alterations in the function and count of 
Langerhans cells provide a rational explanation for changes in 
contact hypersensitivity.

This study shows that changes in Langerhans cell numbers 
and phenotypic expression may be present at an early stage in 
the natural history of the disease, when there is no clinical 
evidence of metastases. These changes may reflect a systemic 
abnormality of antigen presenting cells associated with
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abnormal monocyte function in breast cancer, resulting in an 
impaired response involving contact hypersensitivity. It 
would be of interest to see whether these changes can be found 
in women with preinvasive or preclinical cancer, and whether 
they can be related to progression of disease.

The frozen technique was used in study Id to investigate 
the phenotypic expression of CDla and S100 antigens upon 
Langerhans cells. Consecutive sections of normal cervix, taken 
from seven different patients, were stained separately and 
with a mixture of the two antibodies using an immunoperoxidase 
labelling technique. Counts performed upon these stained 
sections indicated mixed antibody values that were lower than 
the sum of the separate CDla and S100 antigen demonstrations 
suggesting that all three phenotypes: CDla+S100+; CDla+S100"'
and CDla'S100+ are expressed by Langerhans cells of normal 
human cervix. This numerical evidence was verified by using 
double staining colorimetric methods. The majority of 
dendritic cells stained for both antigens and the intensity of 
S100 staining varied among the cell population. The CDla 
positivity was confined to the cell membrane while the S100 
positivity appeared within the cell body. The two antigens 
were often expressed in a patchy, irregular fashion such that 
only part of a cell was labelled. Sections with portions of 
cells having an uneven antigen expression would be difficult 
to define as "unit counts" when stained for a single antigen, 
particularly if the counting parameters used were dissimilar. 
Some observers use counts /unit area, counts/mm basement length
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or counts/defined number of basal cells. Caution must always 
be observed when interpreting Langerhans cell counts by 
different research groups; so much depends upon the technical 
planning as shown from the studies using CDla (Berman et 
al.,1983; Mackie et al.,1983) and S100 (McArdle et al.,1986; 
Nakajima et al.,1982ab) counts. The observation that a very 
high percentage (90%) of CDla positive Langerhans cells 
expressed S100 antigens was a reflection of the improved 
method used in this study. It was obviously in conflict with 
the earlier study (Tay et al.,1987a) that demonstrated only 
35% of Cdla positive cells stained with S100 a value similar 
to that of the Hobart group (McArdle & Muller,1986). 
Enthusiastic discussion as to the value of S100 as a marker 
for Langerhans cells took place in the "correspondence " 
section of an American Journal (Hawthorn et al.,1988; Maddox 
et al.,1988). The letters drew attention to the inconsistency 
of routine processing, the limited value of S100 counts and 
the need for stringent technical control. The Glasgow group 
suggested that from their results "S100 positive Langerhans 
cells had no defined function". The Whittington group 
suggested that their improved method of demonstration and 
comparative work of peroxidase labelling methods, gave a 
better analysis of S100 positivity which might be developed 
further to improve upon this rather negative assumption.
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An analysis of the CDla/SlOO ratios of the four studies 

shown in Table 20 and Fig.20, indicated that in normal skin 
and normal cervix the mean ratio of cells expressing the two 
antigens was 1.2 for cervix and 2.3 for skin. Incidence of 
higher S100 counts than CDla are rarely reported but in this 
project six cases have been seen in the normal study la and 
seven in the breast study lc. To investigate this observation 
one of these cervix cases was used for the double staining 
study of Id. The cells expressing only S100 positivity varied 
from one field to the other and tended to be supra-basal and 
in the vicinity of blood-vessels (Fig.19). These cells were 
probably monocytic but no correlation with the patients 
clinical history, nor histology could be found. Owing to the 
method of section preparation, double staining using monocytic 
markers could not be performed. The ratios of the two 
antigens in cervical sections showing minimal change HPV 
infection had a mean ratio of 3.5. The HIV cases demonstrated 
a mean ratio of 9.6 for cervix and a value of 3.1 for skin. 
These differences indicate that viral infection reduces S100 
antigen expression relative to CDla often with only minimal 
cytopathic evidence. In the case of HIV infection this is in 
agreement with the CDla studies (Becker et al., 1988, 
Kanitakis et al., 1989) and the S100 studies of Carbone 
(Carbone et al., 1987). Belsito used ATPase positivity as a 
marker for Langerhans cells and demonstrated that there was a 
significant reduction in the numbers of stained cells in AIDS 
patients (Belsito et al., 1984). These results seem to 
indicate that like the macrophage, the Langerhans cell is
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infected by the virus; its cellular machinery deregulated, 
representing a veritable virus factory (Meltzer et al, 1990).

The results in this study for HPV infection are in 
agreement with most studies which report of "a patchy 
reduction in Langerhans cell numbers in regions of wart virus 
infection with no CIN" (Morris et al., 1983, Hawthorn et al., 
1987, McArdle & Muller, 1986).

Thus subtle cytopathic change in squamous epithelium may 
be reflected by ratio variation of the two antigens; hitherto 
undetected by routine laboratory staining techniques.
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Hypothesis supported by the studies.

Under "normal" conditions, epidermal Langerhans cells 
express both CDla and S100 antigens. Variation in their ratio 
may occur when the epithelium is influenced by stimuli such as 
infection, smoking or the result of some systemic change as 
shown • by the breast study. To fit this into a 
pathophysiological mechanism it seems necessary to reiterate 
the generally accepted mechanism of an immune response by 
squamous epithelium.

An epidermal immune response is actively directed by the 
dendritic, antigen-presenting, major histocompatibility 
complex class II expressing, cells (Stingl et al., 1989), 
actively assisted by the "signal transducer" capabilities of 
the keratinocytes (Barker et al.,1991). The result of this 
relationship is the production of cytokines (lymphokines and 
interferons), adhesion molecules and chemotactic factors 
bringing about cutaneous inflammation and keratinocyte/T- 
cell/dendritic cell associations. The complexity of these 
cellular and molecular interactions has been published in the 
form of models such as the "Cytotoxic, Tolerogenic and Pro- 
Inflammatory Models" based upon various common inflammatory 
dermatoses (Nickoloff, 1988).

However complex these mechanisms, there is one common trigger 
..... a minute flux of calcium.



Calcium is one of the body's "second messengers" that 
relays electrical and chemical messages to the biochemical 
machinery within the cell. In a typical mammalian cell the 
concentration of free calcium is about 0.00004g/litre, about 
1/1000 the concentration in blood plasma. Calcium has physical 
properties (low ionic volume/charge) which makes it suited to 
tight and specific binding with proteins and passage through 
cell membranes.

The Nobel prize for physiology 1991 was awarded to Neher 
and Sakmann for their work on cellular communications which 
involved electrical signals. Their basic idea was the creation 
of ionic currents through cell membranes by specialised 
protein molecules spanning the membrane. The sensing of an 
appropriate electrical or chemical stimulus produced changes 
in shape of the ion channel resulting in a pore in the 
membrane through which ions could flow. Knowledge of the 
existence of ion channels was not new. During the 1950s, Alan 
Hodgkin and Andrew Huxley in Cambridge and Bernard Katz at 
University College London studied the synaptic transmission 
between nerve and muscle. The development of the patch clamp 
technique (Neher & Sakmann, 1976) allowed the monitoring of 
individual molecules through a very small area of membrane. 
Its use in a study of the role of calcium in stimulating cells 
in neurosecretion (Penner & Neher, 1988) highlighted the 
importance of the system of calcium based proteins 
(Rogers, 1989) that control the concentration of calcium 
within the cytosol:-
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Troponin enables calcium to trigger contraction in 

skeletal muscle. It is a complex of three distinct subunits of 
which the unit troponin C is the calcium receptor.

Parvalbumin is found in large quantities in the skeletal 
muscle of fish, reptiles and amphibians. Its function is 
uncertain but each molecule consists of three calcium-binding 
units.

Calmodulin appears to be the commonist translator of the 
intracellular calcium message, and is present in most 
mammalian cells (Chantler,1985). It regulates numerous 
cellular functions such as the inositol tris/tetrakisphosphate 
pathway (Johns, 1987).

S100 protein belongs to this group of calcium based 
proteins and although its function is unknown its 
intracellular and intranuclear presence (Rambotte et al., 
1990) in the monocytic population could indicate a regulatory 
function, similar to that of calmodulin (Chantler 1985), with 
responsibilities for cell activation for an immune response.

The reduction in S100 positive counts relative to CDla in 
epithelia may indicate a region undergoing a "battle-station 
alert" whereupon the free-calcium levels are raised by 
releasing it from the calcium-based protein. S100 protein 
demonstration therefore, would constitute a useful marker of 
immunological reactivity (Chambers & Fletcher, 1989). Several 
authors have reported its presence in stromal cells (T-Zone 
Histiocytes) adjacent to neoplasms (Furukawa et al., 1985, 
Ambe et al., 1989)). They claim that these dendritic 
mononuclear cells play an important role in cellular immunity
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and could have a prognostic significance (Matsuda et al.,1990, 
Tsujitani et al 1987), in breast disease (Egan et al., 1987), 
in thymic tumours and S100B positive small lymphocytes 
(Kondo et al., 1990), lung neuroendocrine tumours (Barbareschi 
et al., 1987), lymphomas (Carbone et al., 1986) and 
nasopharyngeal carcinomas (Vera-Sempere et al., 1987). Other 
authors have found S100 positivity useful as a diagnostic 
utility of the Kveim test (Shaw & Fletcher 1991) and in 
differentiating similar granulomatous skin diseases, such as 
necrobiosis lipoidica and granuloma annulare (Chambers & 
Fletcher 1989)

The variation of S100 immunostaining within a population 
of stained cells may be due to the release of calcium creating 
a molecular distortion which reduces its intensity of 
recogition by antisera. The focal variation in intensity of 
S100 staining observed in the studies of HPV infection may be 
related to this level dropping below the sensitivity of the 
immunocytochemical detection system. This structural deformity 
of S100 protein may occur when tissue is frozen, and explain 
the difficulty of staining unfixed or post-fixed frozen 
sections.

It seems paradoxical that S100 protein is so widely 
distributed throughout the animal kingdom (Endo & Endo,1988), 
yet so little is known of its function. Its description as a 
brain-specific protein (Masuda et al., 1983) and associations 
with behaviour and learning have been dismissed as a wistful, 
expected stage in the evolution of its interpretation.
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Despite histological studies of S100 protein giving 
contradictory findings associating the accumulation of S100 
within the central nervous system and the electrophysiological 
maturation of the brain (Zuckermann et al 1970, Shearman & 
Franks 1987, Masuda et al., 1983, Ghandour et al.,1981): 
suppose the concept of an association between S100 protein and 
memory and learning was nearer the truth than expected?.....

Each of the studies leave a plethora of questions 
requiring further investigation. Some of these requiring 
morphometric analysis of the two antigens in various epithelia 
in states of infection, infestation, dysplasia and neoplasia 
and the HIV studies of Id would have been improved if the 
disease status had been carefully documented.

In conclusion, a technique has been developed which 
enabled the simultaneous demonstration of CDla and S100 
antigens using the Dako antibodies, monoclonal Nal/34 and 
polyclonal S100. A reproducible counting method has been 
described which made a direct comparison of these two antigens 
in the epithelium of skin and cervix. The ratio of CDla/SlOO 
positivity in normal epithelia was found to approach unity, 
rising in value in cases of minimal change HPV infection and 
rising higher in cases of HIV.

The effect of subcutaneous malignant breast disease upon 
the expression of the two antigens in the overlying epithelium 
indicated a lower CDla positive count in epithelia distant 
from the tumour and a "normal" count above the tumour.
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There was no significant difference in the S100 counts of the 
two sites.

A double staining method in association with a 
morphometric analysis and a double chromogen labelling method 
demonstrated the expression of both antigens by a single 
Langerhans cell, confirming the only previous report of 
Fiquero et al.,(1989) who used cytological material.
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CONCLUSIONS

1. Promote the use of pre-fixed frozen sections for both 
routine and research.

2. A formal-calcium pre-fixed frozen technique was developed 
that permitted the simultaneous demonstration of CDla and S100 
antigens that previously could only be demonstrated using 
separately processed frozen and paraffin material.

3. A 2% solution of 3 aminopropyltriethoxysilane (APES) in 99% 
industrial methylated spirit was developed as a slide adhesive

4. Using ANOVA the statistical reproducibility of counting was 
examined and justified.

5. There was a greater variation in Langerhans cell counts 
across a length of cervical epithelium than skin.

6. Using the Wilcoxon test there was a significant difference 
between the CDla and S100 antigens in skin and cervix (Z 
values 3.67 and 2.49 respectively). If the criteria for 
normality was carefully observed by eliminating cervix cases 
with minor HPV the difference was reduced (Z value 1.02).
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7. There was no significant difference between the CDla count 
in normal skin and skin removed from HIV patients (Z value
0.62) or between normal cervix and cervix removed from HIV 
patients (Z value 0.01). In the same skin and cervix biopsies 
there was significant differences in S100 counts (Z value 2.39 
and 5.17 respectively).

8. There was a significant lower count of CDla positive cells 
in breast skin away from the cancer compared to the overlying 
skin in the same biopsy. The counts over the cancer were very 
similar to those of the controls (Z value 0.3) but fewer in 
the distant skin compared to controls (Z value 4.7). There was 
no significant difference between S100 counts over the tumour 
(Z value 0.8), distant from the tumour(Z value 1.2).

9. Using morphometry and double staining techniques both CDla 
and S100 antigens have been demonstrated upon the same cell.

10. It is hoped that this project has promoted interest in 
Langerhans cells particularly in relation to S100
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3-Aminopropyltriethoxysilane 
(APES): a new advance in section 
adhesion
p H m a d d o x , D jenkins From the Department 
of Pathology, Whittington Hospital, London

Various adhesives have been used to increase the 
adherence of tissue sections to glass slides and to pre
vent separation during staining. Traditionally glyc
erin albumin1 and gelatin2 solutions have been widely 
used in routine histology. More recently poly-L-lysine 
has been used to improve section adhesion, particu
larly in immunocytochemistry.3 This method has 
been of great value but it is time consuming and slides 
cannot be stored.

For the simultaneous immunostaining of T6 and 
SI00 in tissue sections, we have found it necessary to 
use frozen sections of tissue fixed in formol calcium.4 
With poly-L-lysine used as the adhesive, there was a 
high loss of sections after initial protease digestion. 
An alternative method for increasing adhesion was 
therefore sought.

For over 20 years alkoxysilanes have been used in 
an industrial context as coupling agents in coating 
and dyeing a variety of materials.5 Weetall et al6 7 
described their use as coupling agents for 
insolubilising enzymes on inert surfaces, emphasising 
that the strong covalent bonding effect between the 
aminoalkyl groups and aldehyde or ketone functions 
of a reactive surface would withstand repeated wash
ings with a variety of inorganic solvents. More 
recently aminoalkylsilane has been used as an adhe
sive for enhancing chromosome spreading on glass 
slides,8 and for in situ hybridisation of frozen sec
tions.9

In this paper we describe a new modification to the 
coating method for hybridisation originally intro
duced by Rentrop et al.9 The modified method is sim
ple, cheap, and can be used in the routine laboratory, 
whenever improved adhesion of sections is necessary.

Method

3 - a m i n o p r o p y l e t r i e t h o x y s i l a n e  (a p e s)
C O A T IN G  OF GLASS SLIDES
1 Soak slides in 10% Decon at room temperature
overnight.
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2 Wash in running tap water at 60°C for at least one 
hour.
3 Rinse in distilled water.
4 Dry overnight at 60°C.
(At this stage the slides should be clean and sparkling, 
as any stain or foreign material remaining on the 
slides will affect the coating).
5 Immerse rack of slides for at least five seconds in a 
2% solution of 3-aminopropyltriethoxysilane (Sigma 
Chemical Co, Poole, Dorset, England, No A-3648), in 
99% industrial methylated spirits ims. The 2% solu
tion should be freshly prepared.
6 Wash in 99% industrial methylated spirits.
7 Wash in distilled water.
8 Dry overnight at 37°C.
A 2% solution of APES (200 m) in 99% industrial 
methylated spirits can be used for 200-300 slides. No 
modifications to the usual laboratory methods of sec
tion drying is necessary.

Result

APES as an adhesive produces improved section 
bonding over other commonly used adhesives such a 
poly-L-lysine, glycerin albumin, and gelatin and with
stands protease digestion. There is no background 
staining and it does not seem to interfere with the 
routine histological or immunostaining methods used 
in our laboratory. A large supply of coated slides can 
be stored in boxes, at room temperature until 
required. The bonding effect can be instantaneous, so 
that positioning of the section on the coated slide can 
be very difficult.

Discussion

An alcoholic solution of APES fulfils the require
ments for an adhesive for the immunostaining of pre
fixed frozen sections. It also provides a useful method 
of stabilising histological and cytological prepara
tions on glass slides for other purposes. It is a 
sufficiently simple, low cost technique (@ 50 pence for 
200 slides), making its use in routine histological prac
tice feasible.

The APES concentrate is a toxic chemical that is 
moisture sensitive and requires storage at 0-5°C; it is 
not carcinogenic but is an irritant and can cause 
burns. Normal laboratory precautions, including the 
wearing of gloves and the use of a fume cupboard, 
should be taken when handling the concentrate solu
tion. The method offers considerable benefit in saving 
laboratory time as it becomes possible to use rou
tinely available spare sections for techniques such as 
immunocytochemistry and in situ hybridisation or
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other lengthy rigorous cytochemical techniques.
Our thanks to Mr RJ Yabsley (Senior Chief 

MLSO). Mr D Lake (Chief MLSO), and all members 
of the departments of histopathology and cytology at 
the Whittington Hospital for their support and coop
eration in the routine use and assessment of the 
coated slides.
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Rapid method for stained renal 
biopsy specimens embedded in 
epoxy resin

J BRIERLEY, W LAWLER, G WILLIAMS From the 
Department of Pathology, Manchester University

Embedding small biopsy specimens in epoxy resin (by 
preparing 1-5 pm sections and staining them with a 
variety of techniques) enhances optical resolution and 
accuracy of histopathological diagnosis.

For many years, all our renal biopsy specimens, 
routinely embedded in paraffin wax, were stained 
with haematoxylin and eosin, periodic acid Schiff, 
Martius scarlet-blue and periodic acid-methenamine 
silver methods,1 which we were anxious to retain after 
switching to plastic embedded specimens. Epoxy resin 
was found to be preferable to acrylic resin, mainly 
because it could be partially removed to allow for 
good staining. Some technical modifications were 
necessary as thin plastic sections require more intense 
staining. We found that some stains benefitted from 
being heated while others required their times extend
ing; and phloxine replaced eosin as it gave similar but 
stronger results.2

Since 1979, all routine, non-urgent renal biopsy 
specimens in this department have been embedded in 
epoxy resin. Until now, this procedure has taken at 
least four days, because specimens had to be hand
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processed and the resin required polymerisation over
night at 60°C. The drying (overnight at 35°C) and 
staining of sections were also time consuming, mak
ing the process unsuitable for urgent cases (patients 
with rapidly deteriorating renal function and most 
transplant biopsy specimens).

During the summer of 1986, an automatic “Lynx 
electron microscopy Tissue Processor” was pur
chased for all the various users of the electron micros
copy suite of our department, the following method 
was devised to combine the benefits of plastic 
embedding with the availability of stained sections 
within 24 hours of biopsy.

Methods

After collection the specimen is processed overnight 
on the tissue processor with a sufficient delay in 10% 
buffered formalin to permit adequate fixation. For 
needle cores, the programme takes five hours and is as 
follows:

1 35% alcohol for 30 minutes
2 75% alcohol for 30 minutes
3 95% alcohol for 30 minutes
4 100% alcohol I for 30 minutes
5 100% alcohol II for 30 minutes
6 Propylene oxide I for 15 minutes
7 Propylene oxide II for 15 minutes
8 50:50 resin:propylene oxide for 60 minutes at 40°C
9 Neat resin for 60 minutes at 40°C.
When larger pieces of tissue are submitted (such as 

small open wedge biopsy specimens), processing times
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copy, and colonoscopy to search Tor follicles 
in the upper and lower gastrointestinal tract. 
We have recently seen a hair within the wall 
of an intrahepatic abscess and this raises (he 
advisability of biliary tree investigations for 
further hairs. If  the result is positive it may be 
best, if the patient has any remaining money, 
to advise reference to a trichologist. As 
histopathologists and surgeons, we are 
loathe to actually advise a selective hair 
dcpiling agent though we have already 
bought shares in cocoa butter. The future for 
histology looks bright.

PS HASLETON 
JM EDWARDS 
W Y  NA5SER

Departments of Pathology and Surgery, 
IVythenshawe Hospital, 

Manchester.
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Other correspondence

Choice of control patients in studies of local 
cervical immunology

Wc welcome the paper by Hughe:, et al' 
because it adds further weight to the evidence 
for the role of a local immunodeficiency state 
in the aetiology of cervical neoplasia, 
previously described by our ur.it.1 The 
method of selection of control patients used 
in their study, however, requires comment.

It was stated that one group of controls 
had been drawn from women referred 
because of “clinical concern about the 
appearance of the cervix" or postcoital 
bleeding. We are not told whether any of 
these women had a current cervical infection, 
although this seems likely from our 
experience. The effects of infections on the 
distribution of Langherhans’ cells in the 
cervical epithelium are poorly understood, 
but there is evidence that Chlamydia tra
chomatis may be immunosuppressive’ and 
that herpes simplex virus infection can 
increase the Langherhans’ cell count in the 
skin.1 Until these effects are further inves
tigated it would seem prudent to screen for 
cervical infections, especially in such high 
risk groups.

from women undergoing hysterectomy who 
had had normal cytological smears. In view 
of the known false negative rate of cytology 
alone,s it would have been appropriate if 
these women had undergone cotposcopic 
examination to check further on the nor
mality of their cervix.

Furthermore, the biopsy specimens of 
colposcopically visible abnormalities in the 
study group were exposed to acetic acid 
before collection; the hysterectomy 
specimens were not. We investigated the 
effects of acetic add on three normal cervices 
from fresh hysterectomy specimens of three 
premenopausal women. After hemisection 
one half of each cervix was soaked in 5% 
acetic add for one minute before freezing. 
Each half was then similarly processed 
for immunohistochemical staining using 
DAKO-T6, as previously described.2 There 
was no detectable effect of the acetic acid 
on the immunocytochemical staining. 
Measurements of the width of the cervical 
epithelium were made at five points on each 
biopsy specimen using a microscope at
tached to a computerised digitising tablet. 
These were performed independently by two 
separate observers, using only measurements 
through the same numbers of cell layers for 
comparison.

The mean width of the cervical epithelium 
was greater in all the acetic acid treated 
specimens, the difference ranging from 10 to 
45%. Such a difference could lead to an 
artefactual increase in the measured area of 
an epithelium with an apparent decrease in 
the calculated cell count. The cause of this 
apparent tissue swelling is unknown, but 
may be related to the osmotic changes which 
have been reported to be the cause of aceto- 
whiteness in abnormal epithelium.* Only 
controls from colposcopically normal 
cervices after acetic acid application should 
be used to minimise such potential sources of 
error.

SE BARTON 
P MADDOX 

t H  M  JARMULOWICZ 
D JENKINS

Department of Histopalhology, 
Whittington Hospital, 

London N 19 5NF.
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Dr$ Hughes, Norval, and Howie comment:

None of our first group of controls had 
clinical evidence of cervical infection, and no 
cytological or histological evidence of any 
specific infection. They were not screened for 
asymptomatic carriage of cervical path
ogens, but to our knowledge there is no 
published work to suggest that infection with 
agents other than the human papilloma virus 
(HPV) affects Langerhans* cell counts in the 
cervical transformation zone. According to 
the paper of Levitt and Barol cited above,' 
chlamydial infection may lead to cyclical 
systemic immunosuppression and stimula
tion but no evidence is presented to suggest 
that Chlamydia cause local immunosuppres
sion. While Chlamydia have been shown to 
infect epithelial cells, fibroblasts, monocytes 
and granulocytes, we are not aware of any 
data on their interaction with Langerhans’ 
cells or their effect on Langerhans* cell 
numbers in local epidermal sites. Braathen et 
al showed that HLA-DR positive epidermal 
cells, presumed to be Langerhans’ cells, were 
able to present herpes simplex virus antigen 
to T  ceils but (contrary to the claim made 
above), did not even investigate whether 
herpes simplex virus infection had any effect 
on Langerhans’ cell counts in skin.2 Indeed, 
the association of herpes simplex virus with 
Langerhans* cells has not been established.

We are aware of the false negative rate of 
cervical cytology alone and it would, per
haps, have been appropriate for our second 
group of controls to undergo colposcopic 
examination. The published work from Dr 
Barton’s own unit can be criticised on exactly 
the same grounds, as their six control 
patients did not undergo colposcopic 
examination at the time of cervical biopsy



and did not nave aceuc acia appuea 10 me 
cervix.1 We do not know of any published 
work regarding the effect of acetic acid 
application on the measured width of 
cervical epithelium, and find the preliminary 
results of Barton el al of interest, although 
applying acetic acid to the cervix after hys
terectomy and hemisection may not have the 
same effect as applying it during colposcopy. 
In fact, the width of cervical epithelium in 
biopsy specimens from our two groups of 
controls, one exposed to acetic acid and the 
other not, did not differ significantly.

We were unable to detect any significant 
differences in Langerhans' cell counts or in 
major histocompatibility class I I  expression 
when our two groups of controls were com
pared. The controls differed significantly 
from the patients with koilocytosis or 
cervical intraepithelial neoplasia (CIN) when 
assayed for several independent criteria.4 We 
feel, therefore, that our controls, most of 
whom did undergo colposcopy, are, in fact, 
more appropriate than those selected by Tay 
?/ a/,1 and that our work supports the 
hypothesis that both HPV infection and CIN  
are associated with a localised disturbance of 
immune function.

R HUGHES*
* MNORVALf 

S HOWIEf
'The Simpsott Memorial Maternity Pavilion, 

Lauriston Place, 
Edinburgh E H 3 9 Y W

f  Department of Bacteriology, 
i University of Edinburgh Medical School,

Teviot Place, 
Edinburgh EH8 9AG.

References

1 Levitt D, Barol J. The immunobiology of
Chlamydia. Immunology Today I987;8: 
246-51.

2 Braathen LR, Berle E, Mobech-Hanssen U,
Thorsby E. Studies on human epidermal 
Langerhans cells. II Activation of human T- 
lymphocytes to herpes simplex virus. Acta 
Dermatol 1980;60:381-8.

3 Tay SK, Jenkins D, Maddox P, Campion M,
Singer A. Subpopulations of Langerhans 
cells in cervical neoplasia. Br J Obstet Gyn
aecol 19S7,94:10-15.

4 Hughes RG, Norval M, Howie SEM. Expres
sion of major histocompatibility class II 
antigens by Langerhans’ cells in cervical 
intraepithelial neoplasia: J Clin Pathol 
1988;41:253-9.

Book reviews
Sjdgren’s Syndrome. Clinical and 
Immunological Aspects. Ed N Tala), HM  
Moutsopoulos, SS Kassan. (Pp 299; 51 figs 
and 63 tables; DM 218.) Springer. 1987. 
ISBN 3-540-17477-X.

This book presents an up to date broadly 
based review of clinical and research findings 
of Sjdgrtn’s syndrome. The book consists of 
chapters by a number of different authors 
well known for research in this field.

The introduction describes the historical 
aspects, the recognition of the syndrome in 
the 1930s by Sjogren, and the difficulties 
faced in having his work accepted. It also 
includes the patients’ perspective of the 
disease and its morbidity. The firs) main 
section is on the clinical spectrum of the 
disease, which includes glandular and extra 
glandular findings, lymphoid malignancy, 
associations with other autoimmune dis
eases, diagnosis, and differential diagnosis. 
This is followed by the second main section 
on laboratory abnormalities, largely 
immunological, and which contains a most 
useful review chapter on animal models in 
Sjogren's syndrome. Finally, there is a chap
ter which provides an update on the treat
ment and management of patients with 
Sjogren’s syndrome. 1

This book records a great deal of well 
referenced information about this unusual 
condition. As Dr Talal points out in his 
preface, the final chapter remains to be 
written. In the .meantime, and to this end, 
this book will provide many research 
workers and all those who are interested 
in Sjogren's syndrome with the basic 
knowledge from which further progress can 
be made. It can be highly recommended to all 
workers in the field.

DK MASON
6

Human Inflammatory Disease. Clinical 
Immunology. Vol 1. G Marone, LW Lichten
stein, M Condorelli, AS Fauci. (Pp 327; £60.) 
Blackwell Scientific' Publications. 1988. 
ISBN 1-55664-034-X.

This volume consists of lectures delivered at 
the 1st Capri Conference on Clinical Immun
ology, June 1986, and combines basic 
research with clinical aspects of inflamma
tion. There are four subject groups: inflam
matory cells and mediators, cardiovascular 
inflammatory disease, adenosine and aden
osine receptors, and biochemical aspects of 
inflammation. A major strength of the book 
is its extensive coverage of the immuno- 
reguhioiy effects of &dz;7i:Dt <x:A ofizHkz-

matory processes in ischaemic heart disease, 
neither of which subjects have been exten
sively reviewed elsewhere. Individual chap
ters are particularly concise and informative, 
notably those by Rossi (IgE receptors), 
Kagey-Sobotka (mast cell mediators) and 
Hirschhorn (ADA deficiency). Conversely, 
topics equally worthy of consideration, such 
as complement anaphylatoxin receptors, 
leucocyte cytoadhesive glycoproteins, and 
inflammatory effects of cytokines, arc cons
picuously absent. In general, the level of 
presentations would suit a postgraduate 
student or young researcher seeking an 
introduction to the relevant field.

EF RiMMER
Human Retroviruses, Cancer, and AIDS. 
Approaches to Prevention and Therapy. 
UCLA Symposia on Molecular and Cellular 
Biology. New Series, Vol 71. (Pp 524; $96.) 
Alan R Liss Inc. 1987. ISBN 0-8451 -2670-9.

This volume represents the proceedings of 
one of the UCLA symposia on Molecular 
and Cellular - Biology, held at Kcyston, 
Colorado in April 1987. Despite its broad 
title, the 33 research contributions, save for 
one paper on foamy viruses from Fliigel’s 
group and one on a neurotropic mouse virus 
from Ruprecht, are wholly devoted to HIV. 
All these papers are research reports Irom 
individual laboratories whose results have 
simultaneously been published as papers in 
primary journals. Other than inserting extra 
data that did not pass muster in the peer 
review system, I fail to see any purpose for 
the academic community in publishing such 
proceedings. I must be in a minority as 
publishers like Alan R Liss Inc clearly find 
them profitable.

This volume might be useful for readers 
who wish to obtain a spectrum of papers, 
mainly by competent research groups, on the 
stale of HIV art over one year ago. It covers 
the molecular biology of HIV, some half 
baked speculations on its pathogenesis, and 
now outdated results on experimental 
therapeutic and vaccine reagents. The sym
posium was surely a useful gathering for the 
participants, and that is where it should have 
rested.

There are, however, two excellent and 
perceptive overviews which are well worth 
reading by the Nobel prize winning dis
coverers of reverse transcriptase. In an 
introductory article, Howard Temin reviews 
the evolution of retroviruses and trans- 
posons, and as an epilogue David Baltimore 
reviews “HIV, 1987”. Again, their views are 
available in numerous other- journals so I 
would not buy the \olume for tkrn nlw.t

kA ’hri'S,
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Subpopulations of Langerhans’ cells in cervical 
neoplasia

S. K. TAY, D . JE N K IN S, P. M A D D O X , M. C A M P IO N , A . SIN G E R

Summary. M ultiple markers were used to count Langerhans’ cells in the 
cervix. In the normal cervix, thym ocyte antigen (T6) and adenosine 
triphosphatase (A T Pase) dem onstrated the largest population o f Lan
gerhans’ cells. M H C  Class II positive cells w ere equivalent to 60% , and 
S100 positive cells were equivalent to 35% of T6 or A TPase positive 
cells. W hereas Langerhans’ cells dem onstrated by T6, A TPase, and 
M H C Class II antigen were evenly distributed throughout the ep i
thelium , the S100 positive cells were seen  predom inantly near lym pho
cytic aggregates and capillaries. In human papillomavirus infection and 
cervical intraepithelial neoplasia the numbers o f  T6, A TPase, or M H C  
Class II positive Langerhans’ cells w ere reduced by 60% but the S100 
positive cells w ere almost com pletely depleted . T hese findings sug
gested that there were different subpopulations o f Langerhans’ cells in 
the cervical epithelium . The depletion o f Langerhans’ cells, particularly 
the selective depletion o f the S100 positive subpopulation, might cause a 
localized im m unodeficiency that impairs im m une surveillance and the 
cell-m ediated im m une response to human papillomavirus infection and 
cervical intraepithelial neoplasia.

H um an papillom avirus (H PV ), types 16 and 18 
in particular, appears to be an im portant 
aetiological factor in the developm ent o f cervical 
neoplasia (Gissm an et al. 1983; M cCance et al. 
1985; K reider et al. 1985). V iral pathogenesis is 
the outcom e of interaction betw een the vir
ulence of the virus and the host immune

Whittington Hospital, Highgate Hill, London N19 5NF

Department of Pathology
S. K. T A Y  Research Fellow 
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P. M A D D O X  Chief M LSO
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Correspondence: S. K. Tay

response, particularly the cell-m ediated reaction 
to the infection. This is supported by the clinical 
finding of a 10-fold increase in the risk of 
developing a cervical neoplasia in wom en with 
systemic im m unosuppression (H oover & Fran- 
m eni 1973). Cervical neoplasia usually occurs in 
wom en with no clinical evidence of systemic 
im m unosuppression but there could be a ' 
localized immunodeficiency in the cervix, an 
organ repeatedly exposed to a wide range of 
im m unosuppressants contained in seminal fluid 
(Jam es & H argreave 1984). The present study is 
an attem pt to investigate this further.

It is established that Langerhans’ cells play a 
central role in the process of antigen presen
tation and specific T  cell activation (Shelly & 
Juhlin 1976; Boog et al. 1985; Stingl et al. 1980; 
Streikin et al. 1980) in the afferent arm  of cell-
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mediated immunity. They are a small population 
of bone marrow-derived (Katz et al. 1978; Tam- 
aki et al. 1980) dendritic cells strategically well 
distributed in all squam ous epithelium  
(Figueroa & Caorsi 1981; M orris et a l  1983a). 
Adenosine triphosphatase (ATPase) (W olff & 
W inkelmann 1967), M HC Class II antigen 
(Rowden et al. 1977; Klareskog et a l  1977; 
Streilein & Bergstresser 1980), Fc-IgG and C3b 
receptor (Stingl et a l  1977), thymocyte antigen 
(T6) (Fithian et a l  1981); M urphy et a l  1981) 
and S100 protein (Nakajim a et a l  1982; Cocchia 
e ta l  1981) have all been used in the histological 
study of Langerhans’ cells. M H C Class II anti
gen expression and bearing of Fc-IgG  fragm ents 
and C3b receptors are related to  the antigen 
presenting role of the Langerhans’ cells, but the 
functional significance of A TPase,T6 antigen 
and S100 is unclear. In the present study, mul
tiple m arkers were used to investigate he tero 
geneity and possible functional variation among 
these cells. We now report the identification of 
different subpopulations of Langerhans’ cells in 
hum an uterine cervix, with selective and almost 
com plete depletion of one subpopulation in cer
vical intraepithelial neoplasia (CIN) and simple 
H PV infection.

Subjects and methods

Study 1

In this study S100 protein was used as a m arker 
for Langerhans’ cells. Blocks of cervix were 
obtained, and fixed in formol sublim ate solu
tion, from hysterectomy specimens taken from 
20 women with dysfunctional u terine bleeding or 
benign leiomyom ata. They all had at least one 
negative cervical smear before the hysterectom y 
and conventional histology did not show any 
significant pathology in the cervix. The m ean age 
of these women was 42.3 (range 29-54) years.

Thirty colposcopically-directed biopsies 
showing CIN on routine histology were selected 
random ly from women attending the district col
poscopy clinic. There were two CIN 1, four 
CIN 2 and 26 CIN 3 biopsies. The m ean age of 
the women was 31-5 (range 19-45) years.

Study 2

In this study T6, M HC Class II antigen, S100 and 
ATPase were used as m arkers for Langerhans’ 
cells. Two colposcopically-directed punch biop

sies taken from the same aceto-white area in 19 
women attending the colposcopy clinic with 
reported H PV  infection and/or dyskaryosis on 
cervical cytology were studied. Conventional 
histology using the criteria of Dyson et a l  (1984) 
and Buckley et a l  (1982) showed that five 
patients had H PV  infection, six had CIN 1, one 
CIN 2 and seven CIN 3. All the CIN showed 
histological features of associated H PV  infec
tion. The mean age was 31T (range 18-42) 
years. Norm al control biopsies were taken from 
six women with recent negative cervical cytology 
who were undergoing m inor gynaecological 
operations unrelated to the cervix. The mean 
age for this group was 28-8 (range 22-52) years.

In each case, one biopsy was snap frozen and 
the o ther fixed in formol sublim ate. The fixed 
specimens were orien tated , em bedded into par- 
aplast, and tissue sections were cut at 5-6 pm 
thickness for conventional histology and S100 
immunocytochemical staining, fro zen  sections 
of the snap frozen tissue were cut at 5-6 pm 
thickness on a Bright Cryostat M odel OTF/ 
AS/D /M R/EC fo rT 6 , M H C Class II antigen and 
ATPase staining. Four sections were m ounted 
on an ultraclean microscope slide coated with 
polylysine.

Immunocytochem ical staining

The indirect im m unoperoxidase m ethod (Burns 
1970) was used to  stain for T6, M HC Class II 
antigen and S100 protein. Paraffin em bedded 
sections were trypsinized (Curran . & Gregory 
1977) in 0*1% trypsin solution at pH 7*8 for 5 
min. The prim ary antisera were: mouse anti-T6 
monoclonal antibody (D A K O PA TTS a/s M721) 
at 1 in 100 dilution, m ouse anti-M H C Class II 
monoclonal antibody— 52 (Palm er et al. 1985) 
kindly provided by D r Nancy Hogg at ICRF, 
London, at 1 in 80 dilution and rabbit anti-cow 
S100 polyclonal antibodies (D A K O PA TTS a/s 
Z311) at 1* in 100 dilution for S100. Primary 
antisera were incubated overnight. Peroxidase 
conjugated swine anti-rabbit immunoglobulins 
(DAK O-im m unoglobulins a/s P217) at 1 in 35 
dilution and rabbit anti-m ouse immunoglobulins 
(D A K O PA TTS a/s P260) at 1 in 50 dilution were 
incubated for 45 min. All incubations were per
form ed in a humidified cham ber at room tem 
perature. The sections were then incubated for 
10 min with 0-5% 3,3’-diam inobenzidene in Tris 
buffer, pH  7*6, to  which 0-01% hydrogen perox
ide had been added imm ediately before use. The



Table 1. Mean num ber (range) of Langerhans’ cells dem onstrated with four markers

Group
Markers

T6 Class I I ATPase S100

No. o f  cells per mnv! sectional area
Normal (n =  6) 150-5 90-6 126-8 52-1

(84-3-245-7) (33-5-158-3) (37-4-355-2) (8-0-90-5)
H PV (n =  5) 62-9* 45-3* 32-7* 4-7**

(30-5-141-7) (17-9-70-0) (190-39-5) (0-8-0
C IN  (n =  14) 50-1** 50-1* 69-0* 2-0**

(10-6-98-0) (9-8-94-3) (13-7-193-5) (0-7-7)

No. o f  cells per mm length o f  epithelium
Normal (n =  6) 58-5 35-6 49-0 12-5

(43-4-81-9) (14-3-52-3) (19-5-126-8) (30-24-4)
H PV  ( *  =  5) 13-1** 11-3f 10-5** 1-9*

(9-1-26-1) (1-6-17-6) (7-0-13-0) (0-4-8)
C IN  (n =  14) 14-1** 14-5** 18-3* 0-5**

(0-7-46-3) (2-1-49-7) (4-8-47-5) (0-2-2)

HPV, Human papilloma virus infection.
C IN , Cervical intraepithelial neoplasia.
Significance of differences compared with the normal group * P<0-05, * *  PcO-Ol (Wilcoxon rank sum test), 
t  Not significant.

sections were counter-stained with M ayer’s 
haematoxylin.

A ppropriate positive controls and negative 
control using normal rabbit serum were included 
in each case. A n adjacent frozen section from 
each biopsy was stained with haematoxylin and 
eosin for comparison between conventional 
histology and immunocytochemistry.

ATPase staining

The m ethod described by Robins & Brandon 
(1981) with overnight incubation of the substrate 
(ATP disodium salt, SIG M A ) was used to stain 
for ATPase, with positive and negative controls.

Langerhans’ cell count

The pattern of distribution and morphological 
details of Langerhans’ cells were carefully 
recorded for each specimen. Langerhans’ cells 
were counted under light microscopy with 250 
times magnification. A M op-Videoplan image 
analyser with a drawing tube at a standardized 
magnification and a digitizing tablet were used to 
measure the sectional area and the length of the 
epithelium studied. The cell counts were 
expressed as num ber of cells/mm2 sectional area 
and num ber of cells/mm length of epithelium.

Statistical methods

The difference in the counts of Langerhans’ cells 
betw een the normal and HPV infected cervix, 
the norm al and CIN , and between H PV  infec
tion and CIN was analysed by Wilcoxon rank 
sum test. The significance of the difference of 
correlation coefficient from nadir was also tested 
by t-test.

Results

Study 1

S100 positive Langerhans’ cells were present in
native, m ature and imm ature m etaplastic epi-
thelia within the transform ation zone of the cer- 
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vix. The mean counts of Langerhans’ cells in the 
norm al cervix was 64*4 (range 27-2-152-7)/mm2 
and 18-1 (5-2-55-4)/mm length of epithelium . 
The cells were unevenly distributed in the basal 
half of the epithelium  and the m ajority showed 
m ultiple processes. They tended to form aggre
gates around capillaries, in areas of lymphocytic 
infiltration or associated with lymphocytic 
aggregates. Some processes appeared to be in 
intim ate contact with lymphocytes or endo
thelial cells. There was poor correlation betw een 
the m ean num ber of cells/mm2 and the num ber



of cells/mm length o f epithelium  (r =  0-41,
0 -l> P > 0-05 ).

S100 positive Langerhans’ cells were absent in 
19 of the 30 biopsies with CIN (63-3% ) and were 
present in small num bers (range 1-4 cells per 
section) in the rem aining 11 (36-7% ). The 
results were similar in all grades of CIN. There 
was no increase in the num ber of Langerhans’ 
cells in normal epithelium  adjacent to the CIN 
lesions.

Study 2

In the normal cervix, Langerhans’ cells were 
dem onstrable with all the m arkers studied: S100 
protein,T6, M HC Class II antigen and ATPase. 
The mean counts of Langerhans’ cells per mm2 
of sectional area and per mm length of epi
thelium  are summarized in Table 1. The mean 
Langerhans’ cell counts by T6 and ATPase stain
ing were similar whereas the counts by Class II 
antigen were 60% and by S100 protein 35% of 
T6 or ATPase counts. Langerhans’ cells dem on
strated  by T6,ATPase or Class II antigen were 
distributed evenly throughout the epithelium . In 
contrast, the distribution of S100 positive Lan
gerhans’ cells was patchy as in study 1. These 
patterns of cell distribution were reflected in the 
good correlations between counts related  to the 
sectional area and to the length of epithelium  for 
T6 (r = 0-91, P<0-02), ATPase (r =  0-99, 
PcO-001) and M HC Class II antigen (r =  0-97, 
P<0-01), but poor for S100 (r -  0*75, P  >0-05).

The num ber and characteristics of Lan
gerhans’ cells were similar in all grades of CIN 
and HPV  infection. The counts of Langerhans’ 
cell dem onstrated by T6, ATPase and Class II 
antigen staining were equally reduced by 
approxim ately 60% from the normal levels 
(Table 1). S100 staining cells were m ore m ark
edly reduced: one of the five patients with HPV 
infection and seven of the 14 (50-0% ) patients 
with CIN had no dem onstrable S100 positive 
Langerhans’ cells. The rem aining HPV infection 
and CIN specimens showed only occasional S100 
positive Langerhans’ cells as noted in study 1.

Discussion
These findings indicate the heterogeneity of 

Langerhans’ cells in the uterine cervix. In the 
normal cervix T6 and ATPase dem onstrated the 
largest population of Langerhans’ cells which 
were distributed evenly throughout the epi

thelium as reported  by other investigators 
(Figueroa & Caorsi 1981; M orris et al. 1983a) 
and evidenced by the strong correlation betw een 
the counts per unit sectional area and unit length 
of epithelium . The m ean count of Class II anti
gen positive Langerhans’ cells was only about 
60% of the counts of T6 or ATPase positive cells. 
This is consistent with a previous report (M ur
phy & H arrist 1982) that not all the Langerhans’ 
cells in skin are Class II positive. The in terp re ta
tion of Class II antigen staining is, however, 
difficult because o ther im m unocom petent cells, 
notably activated B cells, some activated T  cells, 
m acrophages and m onocytes as well as Lan
gerhans’ cells express Class II antigen. This is 
reflected in the poor correlation between the 
counts of T6 or ATPase positive and Class II 
positive cells in our study. The num ber of Lan
gerhans’ cells dem onstrated by S100 staining was 
only about one third of the num ber revealed by 
T6 or ATPase, suggesting that only a small sub
population o f Langerhans’ cells contains S100 
protein. These cells tended to cluster near capill
aries and lymphocyte aggregates or focal lym
phocytic infiltrates, with some cell processes in 
close contact with endothelial cells and lym pho
cytes. This localization suggests that these may 
be Langerhans’ cells which are actively involved 
in the process of antigen presentation and T  cell 
activation. They could represent either a par
ticular stage of activation or a functionally and 
histogenetically distinct subpopulation of L an
gerhans’ cells. The identification of S100 protein 
in Langerhans’ cell precursors in monocyte colo
nies in bone m arrow culture (Goordyal & Isaac
son 1985) suggests that S100 protein is neither 
exogenously acquired nor a product of activa
tion, and may m ark a histogenetically distinct 
subpopulation of Langerhans’ cells.

There were significant changes in these sub
populations of Langerhans’ cells in H PV  infec
tion and QIN. T he num bers of T6, Class II 
antigen and ATPase positive Langerhans’ cells 
were decreased by approxim ately 60% in both 
the simple H PV  infection and CIN , regardless of 
severity of the CIN. This is in contrast to a pre
vious study (M orris et al. 1983b) which showed a 
decrease in the num ber of Langerhans’ cells in 
HPV infection but an increase in CIN, particu
larly CIN 3. How ever, that study was uncon
trolled, non-quantitative and did not use 
multiple unrelated m arkers to dem onstrate Lan
gerhans’ cells. O ur study also revealed a pre
viously undescribed selective and almost



complete depletion of S 100 positive Langerhans’ 
cells in both simple HPV infection and CIN, 
suggesting a different functional role for these 
cells.

The exact functional role of S100 protein is 
unclear. It belongs to a group of acidic calcium 
ion binding proteins similar to tryponin-C and 
calmodulin (Isobe & Okuyam a 1978). Calcium 
ions play an im portant role in mitogen-induced 
T  cell response (Dianzani e ta i  1980,1982,1984) 
and there is an increase in the intracellular free 
calcium ion concentration in activated T  lym
phocytes (Cunningham -Rundles 1985). This 
phenomenon has not been satisfactorily 
explained since T  lymphocytes do not have cal
cium ion channel on their cell membranes. It is 
possible that S100 protein positive Langerhans’ 
cells activate and regulate T  cell response to 
antigen by altering T cell intracellular free cal
cium ion concentration through a mechanism 
involving S100 protein. The deficiency of these 
antigen presenting subpopulation of Lan
gerhans’ cells may result in a locally acquired 
immunodeficiency that allows the HPV to repli
cate and express itself in the cervix and exert a 
neoplastic transform ing effect.

Com pared with normal subjects, there was no 
difference in the num bers or the pattern of distri
bution of Langerhans’ cells in the normal epi
thelium adjacent to areas of HPV infection and 
CIN to suggest that the depletion of Langerhans’ 
cells in these lesions is attributable to their 
migration away from the diseased areas. Studies 
are in progress to investigate w hether the deple
tion of Langerhans’ cells is a specific effect of 
HPV infection. Further studies on the functional 
role of the S100 positive subpopulation may 
advance the current understanding of the host 
response to HPV  infection and viral 
pathogenesis.
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Tissue macrophage response in human papillomavirus 
infection and cervical intraepithelial neoplasia

S. K. TAY, D . JE N K IN S, P. M A D D O X , N. H O G G , A . SIN G ER

Summary. Tissue macrophages in the uterine cervix were studied  
im m unocytochem ically with m onoclonal antibody (M oA b) 3.9 which 
reacts with the majority o f m acrophages, and E l l  which is specific for 
the C3b receptor, CR1. Samples from five normal w om en, six with 
human papillomavirus (H PV ) infection and 10 with cervical intra
epithelial neoplasia (CIN) were tested. A  small population of M oA b 3.9  
positive and only occasional M oA b E l l  positive macrophages were 
found in the normal cervix. In HPV infection and CIN there was a 
significant infiltration o f M oA b 3.9 positive and M oAb E l 1 positive 
macrophages in both the epithelium  and the stroma. The pattern of  
infiltration in these groups o f women suggests that these macrophages 
were most likely to be functioning as the first line of defence against the 
spread o f the virus infection, either through a direct anti-virus m echa
nism or non-specific phagocytosis.

The recent findings that Langerhans' cells (Tay 
et al. 1987a) and T-lymphocytes (Tay et al. 
19876), especially the T-helper subset, are 
depleted in simple hum an papillomavirus 
(HPV) infection of the cervix, and also in cervi
cal intraepithelial neoplasia (CIN )( associated 
with HPV infection, indicate that there might be 
no effective T-cell m ediated anti-virus and anti
tum our activity in these conditions. However, 
the role of tissue m acrophages in cervical HPV' 
infection and CIN has not been investigated. 
Macrophages have a wide range of functions
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including non-specific phagocytosis, antigen 
presentation, direct cytotoxicity to virus infected 
cells or tum our cells, and sometim es inhibition 
of lymphocyte proliferation (D ougherty & 
M cBride 1984). M acrophage response in the 
cervix infected by HPV may therefore play an 
im portant part in determ ining the outcom e of 
the infection and the developm ent of CIN and 
invasive cancer.

In the present study two non-cross-reacting 
monoclonal antibodies (M oA b) were used to 
delineate the tissue m acrophage response in the 
cervix w ith HPV infection and CIN. M oAb 3.9 is 
specific for the p i 50.95 molecule found on the 
m ajority of monocytes and m acrophages (Hogg 
et al. 1986) and M oAb E l l  recognizes the C3b 
receptor, CR1, which has increased expression 
on stim ulated myeloid cells (Hogg et al. 1984; 
Fearon & Collins 1983).

M aterials and methods 

Tissue preparation

Two adjacent colposcopically directed punch 
biopsies from the same lesion within the atypical
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transform ation zone were obtained from 16 
women attending a district colposcopy clinic. 
Their mean age was 31 *2 (SD 6-7) years. Cervi
cal biopsies for the normal control group were 
obtained from five women who had received at 
least one normal smear test immediately before 
the present admission for a m inor gynaecologi
cal operation unrelated to the cervix. Their 
mean age was 28*8 (SD 6-9) years. In each case 
one biopsy was snap frozen in liquid nitrogen 
and the other fixed in formol sublimate solution 
for routine histology using the criteria of Buck
ley e ta i  (1982) and Dyson etal. (1984). Cryostat 
sections from the snap frozen material were pre
pared as described previously by Tay et al. 
(1987/7).

Indirect immunocytochemical staining

Immunoperoxidase staining of cryostat sections 
was perform ed as described previously (Tay et 
al. 1987/?) using both M oAbs at 1:1 dilution.

Cell counts

The num ber of positively stained m ononuclear 
cells within the epithelium and the stroma of the 
whole section was counted under a light micro
scope at x 250 final magnification. The sectional 
areas of the whole epithelium and the stroma 
were m easured with a M op-videoplan image 
analyser using a calibrated drawing tube and a 
digitizing tablet. The results were expressed as 
the num ber of cells per mm2 sectional area.

Table 1. Macrophage cell counts per mm: sectional area

Statistical analysis

Cuzick’s (1985) m ethod for Wilcoxon-type test 
for trend on non-param etric data was used to 
test the difference in the macrophage cell counts 
between the histological groups.

Results

The results of the cell counts per mm2 sectional 
area are summarized in Table 1.

M oAb 3.9 staining

In the normal cervix small numbers of m acro
phages stained with M oAb 3.9 were scattered 
within the epithelium and the stroma. The cell 
counts in the strom a were double that within the 
epithelium. The mean cell counts in the epi
thelium showed a four-fold increase in HPV 
infection, a two-fold increase in CIN 1 and only a 
marginal increase in CIN 3. This trend of differ
ence is statistically significant (P=0-013). In the 
stroma there was a similar trend with a six-fold 
increase in HPV infection, a three-fold increase 
in CIN 1 and a two-fold increase in CIN 3 
( /5=0 Q03) in the mean num ber of macrophages.

M oAb E l J staining

CR1 receptor positive cells wrere rarely encoun
tered in the normal cervix, either in the 
epithelium or in the strom a. They were present 
in all cases of HPV infection and CIN. The cell 
counts were highest in HPV infection and then 
declined from CIN 1 to CIN 3. This trend is 
highly significant both in the epithelium

HPV infection
(71 =  6)

CIN 1 
(77 = 5)

CIN 2/3 
(71 = 5)

Norma.I 
(71 = 5)

Epithelial
3.9+ 86-1 4(v4 24-9 20-6

(27*2-183*0) (9-2-130 4) (16-4-35-9) (4-5-61-0)

E11 + 21-9 24-4 118 0-2

(1•1-43-5) (1*0-74*4) (6*5-19*0) (0-1)
Stroma

3.9+ 359*3 147-0 113-8 49 3
(77-5-686-7) (11.8-276-8) (58-4-168-3) (21-7-73-1)

E11 + 220-7 134-2 50-5 1*4
(34-2-500 0) (10 8-275 0) (42*5-55*2) (0-7)

Results are mean macrophage counts with the range in parenthesis.



(P=(MK)7) and in the stroma (P = 0  001). The 
mean of the ratios of M oAb E l l  positive to 
M oAb 3.9 positive cells in the epithelium was 
0-48 in HPV infection, 0 54 in CIN 1, and 0-49 in 
CIN 3 cases; and 0-63,0*94 and 0 5 2  respectively 
in the stroma. There is no statistical difference in 
these ratios.

Discussion

We have previously reported the depletion of 
Langerhans' cells and T-lymphocytes and scar
city of B-lymphocytes in HPV infection and CIN 
(Tay et al. 1987a,6). The findings in this study 
therefore indicate that macrophage infiltration 
constitutes the predom inant cellular reaction in 
these conditions. A selective increase in macro
phages has also been observed in colorectal 
tumours (Allen & Hogg 1985) suggesting that 
this may be a general phenom enon. Several 
implications of these cellular infiltrations should 
be considered:

(1) The finding of a maximal macrophage 
response in HPV infection and decreasing 
numbers of m acrophages with increasing sever
ity of CIN might suggest that the macrophage 
infiltration was an early response to viral infec
tion rather than a direct anti-tum our activity 
against cervical neoplasia (Adam s & Snyderman 
1979; Norman 1985). This is supported by the 
similar trend of decreasing prevalence of HPV 
antigen expression as the severity of epithelial 
abnormality increases from simple HPV infec
tion to CIN 1 and CIN 3 (Jenkins et al. 1986). 
This might reflect the non-specific scavenger role 
of macrophages.

(2) The absence of lymphocytic reaction and 
the reduction of HLA-D region positive cells in 
HPV infection and CIN (Tay et al. 1987o) sug
gest that these macrophages are not antigen 
presenting cells in the induction of an immune 
response (Unanue 1981). Indeed, it is possible 
that they inhibit the proliferation and differen
tiation of lymphocytes (Noar 1979; Baird & 
Kaplan 1977) and may be involved in the induc
tion of local immunosuppression.

(3) In some situations, m acrophages have 
been shown to promote tum our growth (Gorelik 
e ta l  1982; Prehn 1982; Khadim & Rees 1984). It 
has also been suggested that activated macro
phages might promote neoplastic progression 
through the ability to induce m utations via reac
tive oxygen m etabolites (Weitzman & Stossel 
1981, 1982: W eitberg et al. 1983; Fulton et al.

1984). W hether macrophages prom ote the 
transform ation of HPV infected cervical epi
thelial cells into CIN is unclear and is of great 
interest and importance.

In this preliminary study it appeared that 
m acrophage infiltration in HPV infection and 
CIN might be the first line of reaction against 
HPV infection. W hether this is an effective anti
viral response or whether viable virus may per
sist within macrophages, promoting spread and 
recurrence of infection, allowing or even pro
moting the development of CIN. requires 
further elucidation.
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Routine papillomavirus antigen staining of cervical 
punch biopsy specimens

D JEN K IN S, S K TAY, P H M ADDOX

From the Department o f Histopathology, Whittington Hospital, London

s u m m a r y  Immunocytochemical staining for papillomavirus antigen was carried out on 1147 con
secutive cervical punch biopsy specimens over 12 months. Of 876 cases with cervical intraepithelial 
neoplasia (CIN) 351, were antigen positive and of 49 cases with histological evidence of human 
papillomavirus (HPV) infection but no CIN, 14 were positive. There were 204 cases reported to be 
normal on routine histological examination and 12 cases reported to show features suggestive but 
not diagnostic of HPV infection. Of the normal group, 24 (12%) were antigen positive and of the 
equivocal group, two were positive. In 122 of the normal or equivocal groups cytological exam
ination was repeated at the time of colposcopy, and dyskaryosis was reported in 36. In only four 
cases was disease shown by HPV antigen staining when there was no diagnostic histological or 
cytological abnormality. HPV antigen staining assists in the recognition of the range of histological 
changes associated with productive HPV infection but is an insensitive test and has only limited 
value in supplementing histological and cytological examinations as a diagnostic aid in routine 
colposcopic pathology.

Histological assessment of the presence and severity 
of epithelial abnormality in colposcopic punch biopsy 
specimens is essential to the conservative manage
ment of premalignant lesions of the uterine cervix. 
The criteria for the diagnosis and grading of cervical 
intraepithelial neoplasia (CIN) are well established.1 
Recent evidence has suggested that genital HPV in
fection is an important aetiological factor in CIN.2-4 
The malignant potential of low grade CIN lesions 
associated with HPV infection and that of cervical 
lesions of simple HPV infection alone has been 
shown.5 6 It has been suggested that all patients with 
histological or cytological evidence of cervical HPV 
infection should be managed in a similar manner to 
CIN.6 The histological features of HPV infection of 
the cervix have been described7 8 and the correlation 
between these features and the presence of HPV 6 or 
16 DNA has been reported.9 There is, however, wide 
variation in the reported incidence of koilocytosis, the 
most widely recognised of these features in CIN.1011 
Immunocytochemical demonstration of HPV antigen 
provides a readily available test for HPV infection. 
We report the results of routine immunoperoxidase 
staining for HPV antigen using a commercial anti-

Accepted for publication 17 December 1986

serum on all colposcopically directed cervical punch 
biopsy specimens received in 1985.

Material and methods

Routine colposcopically directed cervical punch bi
opsy specimens were fixed in formol sublimate solu
tion and embedded into paraplast. Each block was 
cut at three different levels and sections at 4-5 pxn 
thickness were stained with haematoxylin and eosin 
for conventional histological examination. Sections 
were stained for HPV antigen by a peroxidase- 
antialkaline peroxidase immunoperoxidase method. 
After the wax had been removed the sections were 
first treated with freshly prepared 0-1 % hydrogen per
oxide in methanol solution for 10 minutes to block 
endogenous peroxidase activity and then processed 
sequentially through 0-5% iodine in 70% alcohol to 
remove mercuric salts. Sections were then incubated 
with rabbit antiserum against a genus specific bovine 
papillomavirus capsid antigen (Dako D580, DAKO 
Ltd, High Wycombe, England) at a 1/300 dilution 
overnight. After gentle washing with three changes of 
Tris buffer solution (TBS, pH 7-6) the sections were 
incubated with swine antirabbit antiserum (Dako 
Z196) at a 1/55 dilution for one hour, washed gently
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with three changes of TBS, and incubated with horse
radish peroxidase and rabbit antihorseradish per
oxidase complex (Dako Z113) at a 1/200 dilution for 
45 minutes. Freshly prepared 3,3'-diaminobenzene in 
0T % hydrogen peroxide solution was used to develop 
the peroxidase reaction. Sections were counterstained 
with Corazzi’s haematoxylin for 40 seconds and 
screened by conventional light microscopy at a 
magnification of 100. Positive HPV antigen staining 
was recorded when brown granular staining of the 
nuclei within epithelial cells was present. In cases of 
weak staining the sections were scrutinised at a 
magnification of 250 and equivocal staining was 
classified as negative. Sections known to be positive 
for the antigen were included as positive controls and 
a section from each case incubated with normal rabbit 
serum in place of anti-HPV antiserum as a negative 
control.

The biopsy specimens were classified according to 
the criteria of Buckley et al1 and Dyson et al,1 simple 
HPV infection was diagnosed when, in the absence of 
CIN, typical koilocytes were present in the superficial 
layers of the epithelium. These cells were recognised 
by the presence of a perinuclear vacuole and an irreg
ular hyperchromatic nucleus that was usually either 
curved or elongated. Additional features of multi- 
nucleate or binucleate cells, giant cells, and nuclear 
enlargement were seen in most cases. Simple HPV 
infection was distinguished from CIN by the 
presence of a single basal layer and a normal 
nucleocytoplasmic ratio in the deeper layers of the 
epithelium.

Suggestive HPV infection was diagnosed when the 
epithelium showed no features of CIN but some fea
tures described above for HPV infection. In these 
cases typical koilocytes were not seen but some degree 
of cytoplasmic vacuolation and some nuclear enlarge
ment were usually present. The pronounced nuclear 
irregularity and changes of shape that feature in typi
cal koilocytes were absent.

Results

A total of 1165 biopsy specimens were received in the 
laboratory during 1985. Of these, 18 (1-5%) were un
suitable for assessment and were excluded. A positive 
diagnosis of CIN or simple HPV infection was made 
in 931 cases (81%). Of these, 876 cases showed CIN 
and 49 showed simple HPV infection. No pathology 
was found in another 204 cases (18%). The remaining 
12 cases (10%) showed minor changes classified as 
suggestive Of HPV infection. Table 1 shows the over- 
a 1 prevalence of HPV antigen positivity and the prev
alence in each diagnostic group.

HPV common antigen staining was seen as a dense

brown deposit in nuclei in the more mature superficial 
layers of the epithelium (fig la). True positive staining 
usually had a fine granular refractile appearance, but 
the intensity of colour was very variable. In cases 
showing histological evidence of HPV infection but 
no evidence of CIN HPV antigen positivity was found 
in 29% and in cases with CIN 40% were positive. The 
staining was often in cells showing typical koi- 
locytosis, characterised by perinuclear vacuolation 
with nuclei showing the typical irregular outline, 
twisted morphology, and granular hyperchromatism, 
or in superficial squames overlying such an area (fig 
lb). Even in this type of lesion antigen positivity was 
extremely patchy and sometimes only occasional cells 
were antigen positive. Sometimes nuclei were lost 
from koilocytotic cells during processing and staining 
of these detached isolated nuclei could be seen. In 
CIN 3 antigen positivity was rarely seen and was 
confined to those very superficial layers of maturing 
squames when they were present.

Minor nuclear abnormalities and cytoplasmic vac
uolation classified as suggestive of HPV infection 
were sometimes seen adjacent to areas of typical koi
locytotic change or CIN, or in sections not showing 
either of these. In the two cases of 12 in the group 
showing this pattern of minor abnormality, which 
were antigen positive, the staining was seen as a gran
ular deposit in the nuclei within vacuolated cells, sim
ilar in distribution to that of typical koilocytotic 
areas.

HPV antigen staining was also seen in superficial 
nuclei in areas of some sections showing only very 
slight borderline nuclear changes and no distinct cy
toplasmic vacuolation, and which had been classified 
on routine histological reporting as showing no HPV 
infection or CIN (figs 2a and b). HPV antigen stain
ing was found in 24 of 204 cases which had been 
routinely classified as normal.

Table 2 shows the results of cervical cytology ob
tained under colposcopic control at the time of biopsy 
from the negative and “suggestive of HPV infection” 
groups. Positive HPV antigen staining was found in 
15 of 90 cases in which repeat cervical cytology was 
not available but only in four of 78 cases in which 
cytology had been repeated and was negative.

Table 1 Prevalence of HPV antigen according to histology

Histology

No o f cases (% )

HPV negative HPV positive

Normal (n = 204) 180 24 (12)
Suggestive of HPV infection 10 2(17)

(n = 12)
HPV infection (n =  49) 35 14 (29)
CIN (n = 876) 561 315 (40)
Carcinoma (n =  6) 6 0
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Fig 1 Cervical epithelium from  area o f  H P V  infection 
showing typical koilocytes with irregular nuclei, (a ) Nuclei 
are heavily stained for papillomavirus antigen by 
immunoperoxidase technique, (b ) Haematoxylin and eosin 
stained section from  an adjacent level.

Discussion

The overall p revalence o f  H P V  antigen  positivity an d  
the d is tr ibu tion  o f  an tigen  s ta in ing  in this s tudy  were 
similar to th a t  fou n d  in prev ious  reports  on smaller
series 12 13

A positive d iagnosis  o f  C IN  o r  H P V  infection was 
m ade  in 931 cases (8 1 % )  by conven tiona l  histology. 
In patien ts  with definite h isto logical abnorm ali t ie s  no 
advan tag e  in ro u t in e  H P V  an tigen  sta in ing  was 
found. In studies o f  the prevalence  o f  H P V  in C IN  or 
histologically d iagnosed  H P V  infection the num bers  
o f  cases with H P V  de tec tab le  by hybrid isa t ion  have 
been m uch h igher th a n  those  detec ted  by H P V  a n t i 
gen s ta in ing .2 In a p rev ious  s tudy  we show ed th a t  the 
presence o f  histological evidence o f  H P V  infection 
closely corre la ted  with H P V  de tec tion  by D N A - D N A  
hybrid isa tion  using the S o u th e rn  blot technique  on 
ad jacen t  tissue.9 H P V  an tigen  s ta in ing therefore  
seems to  be less sensitive in de tec ting  H P V  infection 
than  conven tiona l  h is to logy  when typical histological 
changes are present. H P V  an tigen  sta in ing  detects  a

9

/

i  <

late phase  capsid  antigen, which only  occurs  when 
m a tu re  virus particles are being p roduced .  P roduc tive  
infection only represents  one phase  o f  the  n a tu ra l  his
to ry  o f  H P V  infection an d  also d epends  on  the 
differentia tion  o f  the epithelial cells. This  explains the 
low sensitivity o f  the investigation as a  d iagnostic  test, 
a l th o u g h  it m ay  have value as a m a rk e r  o f  infectivity.

In the rem ain ing  216 cases (19% ) rou tine  histology 
had  n o t  unequivocally  confirm ed the  co lposcop ic  im-
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Fig 2 Cervical epithelium showing no distinct histological 

features o f  H PV  infection or CIN (a ) Occasional nuclei in 
superficial layers are positive fo r papillomavirus antigen by 
immunoperoxidase technique (b) Haematoxylin and eosin 
stained section from  adjacent level.

pression  o f  an  epithelial a b n o rm a li ty ,  a l th o u g h  som e 
o f  these cases show ed a m in o r  degree o f  m o r 
pho logica l var ia t ion  from  the n o rm al.  It is in the  d iag 
nosis o f  these changes th a t  H P V  an tigen  sta in ing  
could  be o f  m ost value. T w en ty  six (1 2 % ) o f  these 
were positive for H P V  antigen. T h e  prevalence  o f  a n 
tigen s ta in ing  in the small g ro u p  show ing  m in o r  h is to 
logical abnorm ali t ie s  was n o t  significantly different 
from  th a t  o f  the larger ap p a re n t ly  n o rm a l  g roup . 
These results suggest th a t  H P V  an tigen  s ta in ing  is o f  
value in confirm ing  H P V  infection in pa tien ts  with 
suspicious app ea ran ces  at co lposcopy  bu t  in w hom  
the biopsy ap pearances  are  equivocal o r  w ith in  n o r 
mal limits. It shows th a t  a considerab le  range  o f  m o r 
phological changes from  n o rm ali ty  th ro u g h  m in o r  
degrees o f  cytoplasm ic  vacuo la t ion  an d  nuc lear  a b 
no rm ali ty  to  typical koilocytosis  a n d  C I N  can  be as
sociated  with p roductive  H P V  infection. T h e  presence 
o f  an tigen  positivity in 12% o f  a p p a re n t ly  n o rm al 
biopsy specim ens is c o m p arab le  with the  results  o f  
D N A - D N A  hybrid isa t ion  studies on  “ n o r m a l” cervix 
in which a prevalence o f  10 -15%  has been re p o r ted  in 
m ost s tu d ie s ,1415 a l th o u g h  one study rep o r ted  a
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m uch  higher p rev a len ce .16 All the  pa tien ts  in o u r  
study  had  prev iously  a b n o rm a l  cytology, an d  as with 
all the o th e r  studies, the in te rp re ta t io n  is com plica ted  
by the difficulty o f  defining norm ality .  This  arises 
from  the use o f  high risk p o p u la t io n s  as a source from  
which “ n o rm a l” co n tro ls  a re  d raw n , the use o f  h is to 
logically a p p a ren t ly  n o rm a l  m ateria l  from  pa tien ts  
with C IN  elsewhere o r  possible prev ious disease, an d  
the var ia t ion  in h isto logical d iagnosis  o f  norm ality .
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Table 2 Correlation of HPV antigen state and cytological results in 204 cases reported to be normal on routine histological 
examination

Cytology results o f  colposcopically directed smears 

H P V  antigen Negative Atypia Dyskaryosis Unknown Total

Positive 4 0 5 15 24(12% )
Negative 72 2 31 75 180 (88%)

Although the proportion who are antigen positive 
correspond to the prevalence of HPV DNA detected 
in other studies of “normal” groups too much im
portance must not be attached to this, and the value 
and importance of negative antigen staining in ex
cluding HPV infection must remain uncertain.

When cytology is added to conventional histology 
HPV antigen positivity was found in only four of 78 
cases with normal histology and normal cytology and 
was not found in any of the eight cases with equivocal 
histology and normal cytology, this is a pick up rate 
of only 5% in the selected group with normal or 
equivocal histology and normal cytology.

Routine HPV antigen staining on all colposcopic 
biopsy specimens is of very limited diagnostic value, 
identifying only four of 1147 cases in which a 
definitive diagnosis was not made when both histo
logy and cytology had been used. HPV antigen stain
ing has, however, considerable educational value in 
acquainting the pathologist with the range of appear
ances associated with HPV infection in the cervix. A 
positive result can be of diagnostic value in those 
cases in which no definite histological abnormality is 
seen in biopsy specimens taken at colposcopy for the 
investigation of previously abnormal cytology if, 
however, the practice of performing repeat col
poscopically directed cytological examination at the 
time of biopsy is followed the yield from performing 
additional HPV antigen staining is very small indeed. 
HPV antigen staining should usually be confined to 
those cases in which no definite abnormality can be 
found either by histological or cytological exam
inations.

We thank Mr A Singer for permission to study his 
cases and the staff of the histopathology and gynae
cology departments of the Whittington and Royal 
Northern Hospitals. We also thank the Cancer Re
search Campaign for generous support to Dr Tay.
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Lymphocyte phenotypes in cervical intraepithelial 
neoplasia and human papillomavirus infection

S. K. TAY, D . JENKINS, P. M A D D O X , A . SING ER

Summary. Lymphocyte phenotypes in cervical mucosa were studied 
using a panel of monoclonal antibodies. T lymphocytes were predomi
nant both within the epithelium and in the subepithelial stroma. In the 
normal cervix, both the T 4+  (helper/inducer) and T 8+  (suppressor/ 
cytotoxic) subsets were present in a ratio similar to that in the peripheral 
circulation. In human papillomavirus (HPV) infection and cervical 
intraepithelial neoplasia (CIN) there was depletion of intraepithelial 
lymphocytes, especially o f T 4+ subset, with reversal of the ratio of T 4+  
to T 8+ subsets to less than one. In contrast, there was no significant 
reduction in the number of lymphocytes in the subepithelial stroma. 
Tac+ (antigen primed and clonal expanding) lymphocytes were absent 
both within the epithelium and in the subepithelial stroma. These 
findings support our suggestion that there is a localized immunodefi
ciency in HPV infection and CIN. The aetiological and therapeutic 
implications are discussed.

A competent immune system is important in the 
prevention of malignant disease as evidenced by 
the high incidence of malignancy in children with 
inherited immune deficiency (Gatti & Good 
1971), immunosuppressed renal transplant 
recipients (Starzl & Penn 1971), and patients 
with the acquired immunodeficiency syndrome 
(AIDS) (Stahl et al. 1982). There is substantial 
evidence that human papillomavirus (HPV) 
plays an important role in the pathogenesis of 
cervical intraepithelial neoplasia (CIN) and 
invasive cancer (McCance et al. 1985; Kreider et 
al. 1985; Durst etal. 1983; Gissmann etal. 1983). 
The nature and extent of the cell-mediated 
immune response to HPV infection could be
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expected to play an important part in deter
mining the outcome of the infection and the 
progress of neoplastic change. Indeed, 
systemically immunosuppressed women have a 
10-fold increase in the relative risk of developing 
cervical neoplasia (Hoover & Franmeri 1973; 
Porreco et a l  1975). Our recent finding (Tay et 
al. 1987) of Langerhans’ cell depletion, in par
ticular the almost complete depletion of S100 
positive Langerhans’ cells, suggests a possible 
local immune deficiency state in women with 
cervical neoplasia and HPV infection. Study of 
in-situ lymphocyte subsets in these patients can 
elucidate this possibility further.

Recent advances in monoclonal antibodies 
allow identification of functional subclasses of T  
lymphocytes in man (M oretta et al. 1982; Sink- 
ovics & Dreesman 1983; Evans et al. 1978). 
W hereas all the blood T lymphocytes are 
T l+ T 3 + T ll+ T 1 2 + L y t3 -I-L eu l+ L eu 4 +  posi
tive (pan T cell markers) they are composed of 
two phenotypically reciprocal populations of T  
cells. The T 4+  population is primarily involved 
in a helper role in the immunoregulatory system 
of T  lymphocyte responses and activation of sup



Lym pnocytes in ana n r v  injection 1/
pressor cell activities (Moretta et al. 1982; 
Reinherz et al. 1979). On the other hand, the 
T8+ population is concerned with suppressor 
and cytotoxic functions (Thomas et al. 1982; 
Reinherz & Schlossman 1979; Reinherz et al. 
1980; Evans etal. 1978). The sensitized and acti
vated subpopulation of T lymphocytes can be 
identified by the presence of interleukin II 
receptors demonstrated with anti-Tac antibody 
(Robb et al. 1981; Yachie et al. 1983; Leonard et 
al. 1982). We now report the lymphocyte phe
notypes, as defined by multiple monoclonal anti
bodies, in the cervical mucosae of normal 
subjects and patients with HPV infection and 
CIN.

Subjects and methods
Study groups

Fifteen women who each had an abnormal cervi
cal smear and a colposcopically identifiable 
atypical transformation zone were randomly 
selected from new referrals to a district colpo
scopy clinic. Their mean age was 31-2 (range 
18-42) years. Seven women with normal cervical 
smears who were undergoing minor 
gynaecological operations unrelated to the cer
vix were randomly selected as normal controls. 
The mean age was 28-8 (22-39) years.

Cervical biopsies

Two adjacent punch biopsies were obtained 
from the same aceto-white area under col
poscopic vision in the study group and from the 
region near the external os in the control group.
One biopsy was snap frozen and the other fixed 
in formol sublimate solution for conventional 
histology. The snap frozen biopsies were orien
tated and frozen sections cut at 5-6 pm thickness 
on a Bright Cryostat. Three sections were 
mounted on an ultraclean slide coated with poly

Table 1. Panel of monoclonal antibodies used in the study

lysine. Alternate frozen sections were stained 
with haematoxylin and eosin for comparison 
with conventional histology using the criteria of 
Buckley et al. (1982) and Dyson et al. (1984).

Immunocytochemical staining

An indirect immunoperoxidase technique 
(Burns 1970) using mouse monoclonal anti
bodies (Table 1) was used to demonstrate total T 
and B lymphocytes and T subsets. The frozen 
sections were dried at room temperature, fixed 
in acetone, rehydrated in Tris buffer solution 
(TBS pH 7-4), then incubated with the primary 
antisera for 1 h. After gentle washes with three 
changes of TBS solution the sections were incu
bated with peroxidase conjugated rabbit anti
mouse antisera (Dako P260) at 1 in 50 dilution 
for 40 min. All the incubations were performed 
in a humidified chamber at room temperature 
and with positive and negative controls for each 
marker studied. The sections were washed again 
in TBS solution before incubation with freshly 
prepared 3,3'-diaminobenzidine (0-5 mg/ml) in 
0-01% hydrogen peroxide solution for 10 min to 
develop the peroxidase reaction.

Lymphocyte counts

The outlines of the epithelium and stroma of the 
whole section were traced on a digitizing tablet 
using a tracing device (Leitz Wetzlar) mounted 
on a light microscope. The sectional areas of the 
epithelium, and of the subepithelial stroma, the 
length of the epithelium, and the maximum 
depth below the basement membrane within 
which the majority of the lymphocytes were 
found were measured by a Mop-Videoplan 
image analyser after calibration. The number of 
lymphocytes within each of the defined areas 
was counted through a light microscope at 250 
times magnification and the results expressed as 
the number of lymphocytes/mm2 sectional area

Monoclonal antibody Target cell Source Reference

Anti-Leu4 Pan-T cells Becton-Dickinson Ledbetter et al. (1981)
Anti-Leu3a T-helper/inducers Becton-Dickinson Ledbetter et al. (1981)
UCHT4 T-suppressor and Dr P. Beverley Beverley & Collard (1981)

cytotoxic cells
M708 Pan-B cells Dakopatts Steins et al. (1982)
Anti-Tac Activated T cells Dr N. Hogg Yachie et al. (1983)



and num ber of lymphocytes/mm length of 
epithelium.

Statistical analysis

The difference in the lymphocyte counts 
between the study groups was tested with the 
Wilcoxon rank sum test.

num bers of all these were significantly reduced, 
with loss of the band-like distribution above 
basem ent membranes, both in specimens with 
simple H PV  infection and those with CIN. The 
T 4+  subset was reduced to a greater extent such 
that the means of the ratios of T 4+  to T 8+  
subsets were significantly reduced to 0-69 in 
H PV  infection and 0-87 in CIN.

Results

Conventional histology showed that there were 
five specimens with hum an papillomavirus 
(HPV) infection w ithout neoplasia, five with 
CIN 1, one with CIN 2 and four with CIN 3. All 
the CIN specimens showed histological evidence 
of associated H PV  infection. No pathology was 
found in the control group. Lymphocyte counts 
were similar in all grades of CIN.

Intraepithelial lymphocytes

In both the normal and abnorm al cervix intra
epithelial lymphocytes were predom inantly T 
lymphocytes, and activated T  cells and B cells 
were rarely present. The m ean lymphocyte 
counts for different subsets are summarized in 
Table 2. In the norm al cervix, the T 4+ and T8+ 
subsets were present in a mean ratio of 1:30 and 
the lymphocytes were evenly distributed in the 
lower quarter of the epithelium producing an 
apparent band of lymphocytes above and along 
the basement m em brane. There was a correla
tion between the counts per sectional area and 
the counts/mm length of epithelium for T3 +(r = 
0-76, P <  0-05), T 4+  (r =  0-87, P <  0-02), and 
T8+ (r =  0-87, P <  0-02) subsets. The mean

Subepithelial lymphocytes

Stromal lymphocytes were predom inantly T  
lymphocytes. Activated T  lymphocytes and B 
lymphocytes were rarely encountered in either 
the normal or abnorm al cervix. The m ean cell 
counts of the T 3+ , T4+  and T 8+  lymphocytes 
are summarized in Table 2. There was no signifi
cant reduction in num ber in any of the subsets in 
H PV  infection or CIN. The m eans of the ratios 
of T 4+  to T 8+  subsets was 1-20 in the normal 
cervix, 1-03 in HPV infection and 1*24 in CIN 
specimens.

Stromal lymphocytes tended to aggregate and 
form a band of cells just below the basem ent 
m em brane. The majority of the lymphocytes 
were confined to a thin zone of m ean 0-35 (SD
0-11) mm below the basem ent m em brane in the 
normal cervix, 0-32 (SD 0-10) mm in H PV  infec
tion, and 0-24 (SD 0-10) mm in CIN. The distri
bution of T 4+  and T8+ subsets was similar in all 
the groups studied.

Discussion

T  lymphocytes were the predom inant cell type in 
both native squamous epithelium and in areas of 
m ature and imm ature metaplasia in the normal

Table 2. Mean (range) lymphocyte count per mm2 sectional area

Group
Pan-T cell 

(T3+)
Helper/Inducer

(T 4+ )
Cytotoxic/Suppressor

(T 8+) Mean ratio: T4/T8

Epithelium
Normal (n = 7) 248-5 (70-1-504-0) 143-1 (51-5-293-4) 164-6 (29-6-423-5) 1-30 (0-56-2*91)
HPV (n = 5) 47-8** (25-4-79-0) 18-1** (10-5-38-4) 26-8* (13-8-39-1) 0-69* (0-29-0-98)
CIN (n=10) 100-3* (4-7-299-7) 40-6** (3-3-138-2) 58-4* (1-8-159-3) 0-87* (0-10-1-91)

Stroma
Normal (n=7) 552-0 (229-6-948-1) 352-8 (80-7-561-8) 333-8 (89-1-534-9) 1-20 (0-49-2-19)
HPV {n=5) 488*3 (278-6-729-3) 254-6 (180-7-359-6) 255-7 (200-1-336-3) 1-03 (0-63-1-33)
CIN {n=10) 472-4 (163-7-784-2) 255-7 (124-8-316-0) 225-2 (82-5-309-3) 1-24 (0-82-1-94)

HPV, Human papillomavirus infection.
CIN , Cervical intraepithelial neoplasia.
Significance of differences compared with normal group *P <  0-05; **P <  0-01 (Wilcoxon rank sum test).
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and the abnorm al cervix, with only very small 
numbers of B cells present. This is consistent 
with a previous non-quantitative study (Morris 
et al 1983a) and confirmed that cell-mediated 
reaction is the predom inant immune response in 
the cervical squamous epithelium. In the normal 
cervix, both the T 4+  and T8+ subsets were pres
ent within the epithelium  and the underlying 
connective tissue. The cells of both subsets 
tended to be situated close to the basem ent 
membranes. The distribution of the cells of both 
subsets in a ratio similar to that in the peripheral 
circulation on either side of the basement m em 
brane could best be explained by a constant traf
fic of lymphocytes into and out of cervical 
mucosa.

In both H PV  infection and CIN there was an 
overall depletion of intraepithelial lymphocytes, 
as reported by M orris et al. (1983b). The T4+ 
subset was reduced to a greater extent such that 
the ratio of T 4+  to T8 subsets was reversed to 
less than one. Activated lymphocytes (Tac+) 
were not present within the epithelium in HPV 
infection or CIN. This suggests that these lym
phocytes had not been stimulated or activated. 
In contrast, within the subepithelial stroma, 
there was no significant change in either the total 
T  lymphocytes or in the subsets in HPV infection 
or CIN and the ratio of the subsets remained 
unchanged.

HPV, unlike HTLV-III, is not known to be a 
lymphotrophic virus that selectively infects and 
destroys the T 4+  subset. There is no evidence of 
destruction or surface shedding of intraepithelial 
lymphocytes, nor any apparent change in the 
distribution of cells around the basement mem
brane to suggest an increased rate of return from 
the epithelium into the underlying tissues to 
explain the intraepithelial lymphocyte deple
tion. The M HC restriction of T  lymphocyte 
activation in the presence of antigen fragments 
and antigen presenting cells (Erb & Feldmann 
1975; W agner et al. 1972) suggests that the 
diminished T  lymphocytes in cervical epithelium 
in HPV infection and CIN could be a con
sequence of the depletion of Langerhans’ cells in 
these conditions. The largely undisturbed, yet 
unstimulated subepithelial lymphocytes in HPV 
infection and CIN suggests that T  lymphocytes 
are ordinarily activated by antigen presenting 
cells within the epithelium. Thus the defective 
immune response seen in HPV infection and 
CIN could be the combined result of reduced 
lymphocyte migration into the epithelium and

the lack of activation of the existing lymphocytes 
because of the depletion of Langerhans’ cells.

The depletion of intraepithelial lymphocytes 
and Langerhans’ cells, the selective depletion of 
T 4+  cells and the resulting change in the ratio of 
T 4+  to T8+ subsets, together with the absence 
of activated T cells and the lack of changes in 
subepithelial T  cell populations, all support the 
suggestion that there is a local intraepithelial 
immune deficiency associated with H PV  infec
tion and the resulting CIN. The depletion of 
T 4+  cells implies a selective depletion of cells 
responsible for T  helper/inducer activities.

This localized immune deficiency might facili
tate a prolonged HPV infection in the cervix and 
allow the virus to exert an oncogenic effect. 
Since T helper cells accelerate allograft and 
tum our rejection (Cheever et al. 1978; Fer- 
nandez-Cruz et al. 1982; Rosenberg et al. 1983) a 
reduction in these cells could be an im portant 
determining factor in the course of the pro
gression of CIN to invasive carcinoma of the 
cervix and explains some rapidly progressing 
cancers of the cervix over recent years 
(M cGregor 1982). The finding also has a poss
ible therapeutic implication as the basis of 
immunotherapy of HPV infection and CIN by 
the technique of in-vitro sensitization (Boog et 
al. 1985; Vose & Howell 1983) of patient’s lym
phocytes to HPV antigen or transform ed cervi
cal epithelial cells to restore immune 
responsiveness.
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ation and we look forward to the publication o f pro
spective randomized trials.

Gary R. Cohen, M D
St. Luke's Perinatal Center 
Kansas City, M O

William F. O'Brien, M D
University o f South Florida 
Tampa, FL 33606
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S-100 sensitivity as a marker for 
Langerhans’ cells

To the Editors:
In  the correspondence titled "Langerhans’ cells in 

the cervix" (A m J O b s t e t  G y n e c o l  1987;157:213-5), 
both authors comment on the problems o f variability 
in detecting S-100 antigen positive cells in the paraffin  
sections o f cervical epithelium. We would like to add 
some o f our recent observations to this discussion.

We have become increasingly aware o f variation in 
the sensitivity among peroxidase techniques in dem 
onstrating such antigens as S-100, imm unoglobulins,1 
and certain lymphocyte markers and the effect o f this 
on counts o f cell populations identified by these tech
niques. \Ve compared four techniques to demonstrate 
S-100 positive Langerhans* cells in both serial for- 
mol calcium—fixed frozen sections and form ol saline 
solution-fixed paraffin sections o f normal cervical 
biopsy specimens. We found that the numbers of 
S-100 positive Langerhans’ cells detected increased 
in the order: indirect immunoperoxidase technique; 
peroxidase-antiperoxidase; streptavidin biotin and av- 
idin biolin complex system. All except streptavidin 
were supplied by Dakopatts, Copenhagen. Streptavidin 
was supplied by Amersham International, Aylesbury, 
England.

T he  use o f form ol calcium -fixed frozen sections en
ables the simultaneous demonstration o f both T -6  and 
S-100 antigens on sections from  the same cervical bi
opsy with the use o f an alkaline phosphatase-anti- 
alkaline phosphatase (Dakopatts) method to dem on
strate T -6  antigen and the avidin biotin complex system 
for S-100. T h e  results show that 90% o f all T -6  positive 
Langerhans’ cells also demonstrated S-100 antigen in 
sections o f normal epithelium. In  epithelium that shows 
evidence o f  human papillomavirus infection, we noted 
a loss in S-100 positivity, whereas the T -6  positivity 
remained relatively unchanged. In  areas oi cervical in
traepithelial neoplasia, however, both S-100 and T -6  
Positive cell populations may be absent or either pop
ulation may be disproportionately decreased. O u r ob
servations also confirm that, in human papillomavirus 
utfection, in addition to a loss o f S-100 positive Lan- 
Rerhans cells there is the appearance within the epi- 

eliuni ol an S-100 positive stunted histiocyte-like cell, 
escribed as a T-zone histiocyte.2

Thus we do not agree with Haw thorn and MacLeans’ 
assertion that S-100 positivity is a poor m arker for Lan
gerhans’ cells. O n  the contrary, in norm al cervical epi
thelium  it is universally present in these cells; we have 
found that an even distribution o f Langerhans’ cells 
w'ith a dendritic appearance can be used as an indicator 
o f normal cervical-epithelial morphology. T h e  precise 
enumeration o f Langerhans’ cell populations requires 
the use o f carefully defined and controlled technique 
with m ultiple markers and the check o f the level o f  
sensitivity o f the method used. T h e  expression o f  a 
single m arker such as S-100 may reflect the functional 
slate o f a cell as well as its lineage. For these reasons 
the results o f all the studies reported by these authors 
must be treated with caution.

P. H . Maddox
S. E. Barton 

D. Jenkins
Department of Hisiopathology 
Whittington Hospital 
High gate H ill
London, England N 1 9  3N F

REFERENCES

1. S co it B B , G o o d a ll  A , S te p h e n s o n  P, J e n k in s  D. .R ec ta l m u 
co sa l p la sm a  cells  in  in f la m m a to ry  b o w e l d is e a s e .  G u t  
1983;24:5-524.

2. F u ru k a w a  T , W a ta n a b e  S. K o d a m a  T , S a to  Y, S h im o s a to  Y, 
S u e m a s u  K. T -z o n e  h is tio cy tes  in  a d e n o c a r c in o m a  o f  th e  
lu n g  in  r e la tio n  to  p o s to p e ra t iv e  p ro g n o s is .  C a n c e r  1985; 
56:2651. . •

*
Reply 

To the Editors:
We thank you for the opportunity to reply to the 

letter by M addox, Barton, and Jenkins. In  response to 
their comments, we find their statement that S-100 
stains 90% o f T -6  positive Langerhans’ cells in conflict 
with their previously published results in which only 
35% o f T -6  positive Langerhans’ cells were stained by 
S-100.1 This lower figure appears to be similar to the 
results o f  the Hobart group in the response (A m  J O b
s t e t  G y n e c o l  1987;157:214-5) to our original letter. 
T h e  implication from  Maddox et al. with their “new” 
figure does, however, suggest that they still use T -6  
positivity as the gold standard Langerhans’ cell m arker 
and make their comparisons with this. We therefore  
fail to see the relevance o f their point and find many 
o f their comments unhelpful.

We do, however, agree that a precise enum eration o f  
Langerhans’ cells requires the use o f carefully defined  
and controlled technique. They go on to suggest that 
m ultiple markers are useful in the identification o f Lan
gerhans’ cells. We have made reference to this point,2 
but M addox et al. suggest that a single m arker such as 
S-100 may indicate the functional state and origin o f  
the Langerhans’ cell. We find this confusing because 
S-100 positive Langerhans' cells have no defined func
tion and are known to be o f bone m arrow origin.*



We strongly  a g ree  th a t  controls  a re  r e q u i re d  bu t  we 
th ink  it is vital tha t  any study  o f  the local im m u n e  r e 
sponse  to cervical in traep ithe lia l  neoplasia  sh o u ld  in 
clude  the  use o f  in te rna l  con tro l biopsy spec im ens, e s 
pecially because  m any  o f  the factors im plica ted  in the  
etiology o f  cervical neoplasia  are  know n to be im m u 
nosuppress ive  in th e ir  own right (e.g., sm oking , use o f  
oral con tracep tives ,  a n d  e x p o su re  to sem en). In  o u r  
studies with re g a rd  to cervical in traep ithe lia l  neoplasia  
we have taken  this in to  accoun t.4 In the  b r ie f  su m m a ry  
o f  the ir  results  M ad d o x  et al. fail to state w h e th e r  they  
have e x a m in e d  cervical in traepithelia l  neoplasia  with 
o r  w i thou t  ev idence  o f  h u m a n  papillom avirus  in fec tion  
because results f ro m  the  fo rm e r  would be in a g re e m e n t  
with o u r  find ings with the  use o f  T -6  as the L a n g e rh a n s ’ 
cell m a rk e r .4 O n e  implication o f  the  results  f ro m  
M cA rd le  a n d  M uller  (Am J Obstet Gynecol 1986; 
154:509-15) is th a t  in te rna l  control biopsy spec im ens  
are  even  m o re  a p p ro p r ia te  when S-100 positive L a n 
g e rh a n s ’ cells a re  be ing  considered  because in n o rm a l  
cervix th e re  can be a 100-fold range  with this m arker .

O n e  a d v a n ta g e  o f  using  S-100 as a L a n g e rh a n s ’ cell 
m a rk e r  is tha t  it can  be used in rou tine ly  fixed a n d  
processed tissue, thus  the  review o f  large n u m b e rs  o f  
biopsy spec im ens  is enab led . However, in ro u t in e  p r o 
cessing, in o u r  c e n te r  at least, absolute  fixation times 
are  not used  a n d  this con tr ibu tes  to o u r  criticism o f  
S-100 in rou tine ly  processed specimens.

We believe th a t  cau tion  m ust always be ob se rv ed  in 
the in te rp re ta t io n  o f  research  results in new areas. O u r  
use o f  a p p ro p r ia te  in te rna l  controls  reflects c o n s id e r 
ation  o f  the  possible sources o f  confus ion  associated

with p o o r  ex p e r im en ta l  p lann ing .  In  sum m ary, w* f j j  " ' 
to see the reason  why, in well s t ru c tu re d  research, the 
gold s ta n d a rd  T -6  m a rk e r  shou ld  n o  longer be consid-V ' 
e re d  as op tim al to d e m o n s t ra te  L a n g e rh a n s ’ cells in the 
cervix as it is in skin.5,6

Robert J . S. Hawthorn 
Allan B. MacLeixn

The Queen M other’s H ospital 
Glasgow, Scotland G3 8 S H
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Possible Cofactors in 
the Etiology of 
Cervical Intraepithelial 
Neoplasia
An lmmunopathologic
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Previous work in our departm ent dem onstrated a reduc
tion in the numbers of Langerhans' cells in cervical 
epithelium showing histologic changes of human papillo
m avirus (H PV ) infection and cervical intraepithelial neo
plasia (CIN). In conjunction w ith  a localized reversa lvf 
the 74:75 ratio of T-lym phocytes, that finding provides 
evidence of the association of epithelial im m unosuppres
sion with both H P V  infection and CIN. To investigate 
whether that phenomenon occurs prim arily  because of 
H P V  alone or might be caused by a cofactor (e.g.,cigarette  
smoking, oral contraceptive use, chlamydial infection), 
we performed a study of the effect of those cofactors on the 
immune defenses of the cervical epithelium . In a s tu d y  of

From  the  D e p a rtm en ts  o f  P a th o lo g y  a n d  G ynaeco lo g y , W h it
tin g to n  H o sp ita l; the D e p a r tm e n t  of M a th e m a tic s , S ta tistics a n d  
E pidem io logy , Im p eria l C a n c e r  R esearch  F u n d ; a n d  th e  D e p a rt
m en t of M icrobiology, G u y s ' H o sp ita l  M e d ica l Schoo l, L o n d o n , 
E n g lan d . > ' n f ' L  '!*rfjpj

A d d re ss  re p rin t re q u ests  to: S im o n  E. B arto n , B.Sc., M .R .C .O .G ., 
D e p a rtm e n t o f G y n aeco lo g y , W h it t in g to n  H o s p ita l,  L o n d o n , 
E n g lan d . '
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Langerhans cells we showed that infection w ith  H PV  
type  16 and current cigarette sm oking both exert effects 
that cause a reduction in those cells. That dim inution of 
the major antigen-presenting cells in cervical epithelium  
m ay constitu te a mechanism that explains the observed 
role o f those agents in the etiology of cervical neoplasia.

In tro d u c tio n

The currently  p o p u lar m odel for the developm ent of 
cervical neoplasia1'* proposes that epithelial infection 
w ith  the hum an papillom avirus (HPV) is an im por
tant precursor of prem alignan t and  m alignant trans
form ation. In particular, HPV type 16 has been impli
cated in both cervical intraepithelial neoplasia (CIN)3 
an d  invasive disease.4 Recently the detection of that 
viral sub type in norm al cervical ep ithelium 5 was 
u sed  to cast doub t on the role of HPV in the develop
m ent of cervical neoplasia.6 H ow ever, that argum ent 
is com plicated by the finding that in w om en with 
cervical HPV-16 infection but norm al Papanicolaou 
sm ears, colposcopic exam ination m ay reveal a signifi
cant num ber of CIN lesions.7 O verall it is clear that 
no t all w om en w ith  cervical HPV (even type 16) 
infection develop invasive disease. To explain this 
discrepancy, various cofactors (e.g., cigarettes, oral 
contraceptives, sem en, cervical infections) have been 
proposed. Those agen ts ' exact m echanism s of action 
are unknow n.

R ole of H ost Im m u n ity  in  C ervical N eop lasia

The increased tendency of im m unocom prom ised 
w om en to develop cervical neoplasia8'9 has led to 
in terest in the role of im m unology of the cervical 
epithelium  in its developm ent. Using im m uno- 
cytochem ical techniques, the populations of im m u- 
nologically significant cells in the norm al cervix have 
been delineated in o u r  unit. The resu lts1013 have 
show n that L angerhans' cells are the m ost prom inent 
antigen-presenting cells, w ith relatively few  m acro
phages present. T-lym phocytes are found in the re
gion of the basem ent m em b ran e /w ith  subsets of T 4  

and  T8 lym phocytes in  p roportions sim ilar to those in 
the system ic circulation. B cells are found rarely in 
squam ous cervical epithelium .

The changes in the local im m unology of the cervi- t 
cal epithelium  seen in HPV infection and  CIN have 
also been investigated. They include a decrease in 
Langerhans' cells10 an d  a decreased T-cell count,11., ̂  
especially of the T4, o r helper, subset. Those changes ^  < 
represent a reduction  in the cells that recognize ap d ;̂ j | 
p resent viral an tigens as well as those that b eco m ^  
activated by that process to respond to the infection^
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That phenom enon  m ay  constitu te  a state of localized 
im m unosuppression  in H PV  infection that seem s to 
persist and w orsen  w ith  increasingly severe grades of 
CIN. The role of observed  m acrophage12 and  na tu ra l • 
killer cell13 infiltrates in those C IN /H P V  lesions' is 
unknow n at p resent.

We investigated w h e th er the viral subtype o r an y  
of the cofactors postu la ted  for the developm ent o f 
neoplasia exerts its effect by  altering  the local im m u 
nity of the cervix.

M ateria ls  an d  M e th o d s

W omen a ttending  a com m unity  colposcopy clinic 
were recruited w ith  their full consent. Some w ere 
a ttending  to take u p  the offer of colposcopic screen
ing after having a norm al Papanicolaou smear, w hile  
others had been referred for investigation of cytologic 
abnorm alities.

Each w om en had  a h istory  taken, including details 
of her sm oking, con tracep tion  and  any  previous geni
tal infections. Cervical cytology w as repeated, a 
sm ear was taken for in situ  filter hybridization detec
tion of HPV-16 D N A ,14 an d  endocervical specim ens 
w ere obtained to detect m icroorganism s that cause 
com m on infections, includ ing  Chlamydia trachomatis. 
A lthough none of the  w om en  w as tested for the  
presence of an tibody  to h u m an  im m unodeficiency 
virus (HIV), none of them  w as noted  to be in a high- 
risk group for that infection o r had  any sym ptom s o r 
signs of HIV infection.

Colposcopic exam ination  w as then perform ed, 
w ith directed biopsy of any  abnorm al area. In w om en 
w ithout any abnorm ality , a representative b iopsy of 
the transform ation zone w as obtained.

The biopsies w ere fixed in m odified  form alin cal
cium  solution15 and  processed for both standard  his
tology and im m unocytochem ical staining for S100 
pro tein16 and T6 (CD1) an tigens.17 Those tw o 
m arkers dem onstrated  the L angerhans' cells in the 
epithelium  by their positive  sta in ing  and  characteris
tic dendritic m orphology. P revious stud ies have su g 
gested that SlOO-positive L angerhans' cells m ay con
stitu te a functionally active subset of antigen- 
presenting cells. A quan tita tive  m easure  of those cells 
w as m ade using an  im age ana lyzer attached to a 
conventional m icroscope an d  a d raw ing  tube. A  
count (per square m illim eter) of cervical ep ithelium  
w as obtained.

The differences in the coun ts for particular vari
ables were com pared using  the  W ilcoxon rank sum  
test and test for tren d 18 an d  log-linear m odeling

■ \ tj
using the G eneralized  L inear Interactive M odeling 
system .19

O ne h u n d red  th irty  w om en w ere  studied, falling 
in to  three categories: 36 had  norm al.cytology, to lpps- 
copy and  histology; 39, abnorm al colposcopy w ith  
HPV changes on ly  on histology; an d  55, colposcopic 
and  histologic ev idence of C IN  w ith  HPV infection. 
There w as no significant difference in the ages o r 
m arital s ta tus o f the g roups. Each of the cofactors 
cited above w as exam ined for a significant effect on  
the Langerhans' cell counts (per m m 2).

R esu lts

The results (Table I) confirm ed the previous finding 
that the L angerhans' cell coun ts are  reduced in both  
H PV  infection an d  CIN  w ith  H PV  infection.

In both no rm al ep ithelium  a n d  C IN /H P V  lesions 
the decrease in the  L angerhans' cell count w as found 
to be associated significantly w ith  current cigarette 
sm oking (Table II). In add ition , there  w as an associa
tion of HPV-16 infection w ith  a decrease in the Lan
gerhans' cell coun t per un it o f area  (Table III).

In cervical ep ithelium  show ing  evidence of HPV 
infection the detection of HPV-16 D N A  w as found fo 
be associated w ith  a significant decrease in the l a n 
gerhans' cell count, as assessed w ith  both  S100 and  T6 
m arkers (Table IV).

D iscu ssio n

O u r results su p p o rt the p rev ious finding that I nn- 
gerhans' cells in the cervical ep ithelium  are d im in 
ished in both  H P V  infection and  C IN  w ith 11PV; that 
represents a progressive reduction  in  epithelial im 
m unity  w ith  increasing histologic abnorm ality. In 
conjunction w ith  the previously  described changes in 
T-cell num bers, that localized im m unodeficiency 
m ay be im p o rtan t in the d eve lopm en t of cervical 
neoplasia.

The finding tha t cigarette sm ok ing  is associated 

Table I M edian Langerhans ' Cell C ounts w ith  Reference to the
H istology o f the Epithelium

H is to lo g y

S100 
p r o te in  a n t ig e n T 6 a n tig e n

N o rm a l (n=36) 51.4 115.9

H u m a n  p a p il lo m a v iru s  (n=39) 
C e rv ica l in tra e p ith e l ia l

41 .0 87.7

n e o p la s ia /h u m a n
12.1

.0014

28.3
.0001

p a p il lo m a v iru s  (n= 55)
P*

•Using the Wilcoxon test for trend. • . ... r.
/./Civr, J
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S f II Effccl °f c 'S,ne,le Sn,0*'iig on Langerhans' Cell Count 
ffifij-A in Norma/ E pithelium______________________

cite use

T ab le  IV Effect of H um an Papillomavirus-16 Detection on
Langerhans' Cell C ount in Epithelium  Showing H um an  
Papillomavirus O n ly

SjOOprolt’in an tigen  

protein antigen

c o e ffic ie n t SE LR s ta tis t ic P  v a lu e R e g re s s io n LR ra tio

-0 .0 9 9 5 0 2 5 2 23.9 < 0001
A n tig e n c o effic ien t SE LR s ta tis t ic P  v a lu e

-0 .0 7 3 4 0.018 21.1 <.0001 S100 -0 .0190 0.0050 15.8 .0001

; used. T6 -0 .2 0 5 0 0.0738 7.70 .006If* linear
'jjja likelihood ratio.

. .?**’*
(if iv ith  a reduction in the L angerhans' cell count in 
p£fn o r m a l  cervical epithelium  m ay represent a suscep- 
a ,! lib ility to the developm ent of a persistent viral infec- 

That would facilitate the risk of HPV DNA 
integration info the host cell genom e; that process is 

w associated with neoplastic transform ation.20 The ob- 
( r  served differential effect of 11PV-16 infection on Lan- 
|  * gerhans' cells begins to explain the particular associa
t i o n  of that viral sub type w ith  cervical neoplasia.

Further work to determine the effects of other viral 
^  subtypes on that and other facets of local immunity is 
L’ in progress.
jV The observation that certain constituents of ciga- 
r ; rette smoke are concentrated in cervical m ucus21 

supports the possibility of a selective local effect on 
- cervical epithelium. O ur finding an effect of cigarette 
r smoking on Langerhans' cells ad d s  to the list of o ther 
■■ immunologic changes that have been described; they 

include effects on T-cell function,22 m acrophages23 
and natural killer cells.24 W hether local changes in 
those cell types are also im plicated in the etiology of 
cervical neoplasia is (u rren tly  un d er investigation.

It is important to determ ine w hether the changes in 
the Langerhans' cell count can be reversed if a 
woman stops sm oking. A ssessm ent of that issue is 
hampered by the confounding effect of the initial 
biopsy. However, in this study, tw o sm okers w ho had 
colposcopic and liistologic evidence of HPV infection 
on the initial biopsy stopped  sm oking and u nder
went repeat biopsy three m onths later; the counts had 
increased in the persistent HPV lesions. In six w om en

Log-linear modeling was used.
LR * likelihood ratio.

w ho had increased their cigarette use, the second 
biopsy  dem onstrated  a fu rther reduction  in the cell 
count, w ith two cases hav ing  progressed to CIN.

C onclusion

O u r studies dem onstrated  that changes in local cervi
cal im m unology are associated w ith both  HPV infec
tion and CIN. The ev idence that cigarette sm oking 
m ay exert an im m unosuppressive  effect on both nor
m al and diseased ep ithelium , w ith that effect en
hanced by HPV-16 infection, provides evidence to 
explain the observed increased risk of cervical neo
plasia in smokers. *
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Tliis issue o f The Journal of Reproductive Medicine 
(JRM) contains selected papers from the 13th meeting 
of the Am erican Society of Colposcopy and  Cervical 
Pathology (ASCCP), held in San Francisco in April 
1988. The biennial m eeting has served as a sounding 
board for the academ ic achievem ents of the society 
since its inception in A pril 1964. The papers here 
present the ASCCP m em bers' w ide range of activity, 
revealing an increasing interest not only in cervical 
pathology bu t in the pathology of the low er female 
genital tract.

The application of the m icrocom puter to the collec
tion of the m yriad data  gathered at the colposcopic 
exam ination, as outlined by Cartw right, m ay be help
ful to practitioners in a m edium -sized colposcopy 
clinic. That paper and the com puter application could 
pave the w ay for interested clinicians' use of the 
microcom puter.

M ore w ork has focused on understanding  the 
m ildly abnorm al Papanicolaou sm ear than the more 
severely abnorm al one in this litigious society. Such a 
smear, if not investigated adequately, could cause a 
failure to diagnose a potentially invasive cancer. Ka
minski et al address the changes in a typical sm ear 
that accom pany the aging process. H im m elstein de
tails the current know ledge and offers us the back
ground for m anaging this clinical situation.

O ur understanding  of how  to evaluate the endocer- 
vix becomes m ore com prehensive w ith three papers . 
that exam ine the necessity for endocervical curettage 
and  the application of new  technology. First, Selvaggi •• ; 
et al cover the use and  efficacy of the endocervical »• /  
brush. Second, H unter et al address the use of m icro-^v , 
colposcopy and com pare it to cone evaluation i n ^
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palicnts with unsatisfactory colposcopy. Third, Finally, Blythe's paper points out that cervicogra- 
Okagnki et al examine the endocervix as a site for the .:i  v,: phy can be used during pregnancy. Many women do 
development of adenocarcinoma and its re la tio n sh ip s^  nob avail themselves of am e n t screening methods. ■
to the human papillomavirus as a carcinogen. That 
paper represents an application of molecular biology 
and iis powerful diagnostic capability.

Jacobson and Kruniholz underscore the immuno
logic complement that may operate in various lower 
genital tract diseases.

The prize paper by Barton et al continues the fine 
investigations by that group and underlines the inter
national character of the biennial meetings. The au
thors attempt to categorize host defense mechanisms 
in order to understand the development of neoplasia 
in the lower genital tract, especially in cervical intra
epithelial neoplasia (CIN). The paper helps us under- , 
stand that unless the host's defense mechanisms are 
understood, our knowledge of the whole spectrum of 
CIN and its development into invasive cancer will be 
incomplete.

The application of cervicography must be investi
gated in order to define its utility in screening for 
cervical carcinoma.

The reader of tliis issue of ]RM  should find it a most 
informative update on colposcopy and the technical 
advances in this growing field. The ASCCP continues 
to be an international and national forum for the 
study of lower genital tract disease in women, and 
advances will continue as the application of molecu
lar biology and more sophisticated techniques is 
brought into general circulation. We expect that at the 
time of the 14th biennial meeting, during April 1990 in 
Washington, D.C., entirely new areas of investigation 
will be highlighted and that new insights into causal 
factors and clinical applications will be presented.
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OBJECTIVE: A high prevalence of cervical intraepithelial neoplasia (CIN) has
been reported In women with HIV Infection and this accords with a similar 
finding In women with systemic immunosuppression.
METHODS: Colposcopically directed cervical biopsies were obtained from 2.5
HIV Infected women whose disease status ranged from completely asymptomatic 
:a AIDS. The biopsies were cut and 6tained using 2 monoclonal antibodies for 
Langerhans' cell markers, SI00 protein and T6 (CDl). The concentration of 
Langerhans' cells was measured per unit area of cervical epithelium and 
compared to non-HIV infected matched controls.
RESULTS: The cervical epithelium of women with HIV infection contains
significantly fever Langerhans' cells per unit area compared to HIV negative 
controls (p<0.05). In particular there was a virtual absence of S100 
protein even In samples with T6 (CDl) bearing cells present. This effect of 
HIV Infection was independent of the effects of cigarette smoking and human 
papillomavirus (HPV) infection.
CONCLUSION: IILV Infection results in a reduction In Langerhans' cells per
unit area of cervical epithelium. The functional consequence of the 
specific Loss of S100, a calcium binding protein, 1^ uncertain. But further 
.1 rndy .nay provide information about the role of local immunosuppression In 
the aetiology of cervical neoplasia.
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antigenaemia. The donor plasma conferred neutralising 
capacity for several weeks.

The results suggest active immunological control of the 
autologous infection and are consistent with the prognostic 
importance of loss of antibody, most easily recognised by 
decreased anti-p24.1CM2 Passive restoration of neutralising 
antibody was demonstrated by direct measurement against 
cell-free HIV, by disappearance of positive cultures from 
plasma, and by reduction in the ease with which HIV  could 
be cultured from M NL. The last could have been an effect 
of ADCC or cytotoxic T-cells in conjunction with the 
clearance of antigenaemia and 100% increase in T-cells.26-27

Donor serum was similarly effective in vivo against HIV 
strains of different recipients. Antibodies against GAG 
proteins are expected to be cross-reactive; surprisingly, 
cross-reactivity has been found with antibody against 
envelope proteins of great diversity.18

Loss of antigenaemia and appearance of neutralising 
antibodies correlated with the presence of anti-p24 and not 
anti-gpl20. Most experimental evidence and efforts to 
produce a vaccine have related neutralising antibody to 
anti-envelope proteins, especially gpl20.15 18,28“30 In 
preinfusion sera of all recipients, none of whom had 
neutralising activity, antibody against gpl20 and gpl60 
were the principal antibodies present. Antibody 
enhancement of HIV or the cytopathic effects of it may 
occur under such conditions.3132 There is no evidence, other 
than the clinical correlations, that antibodies against GAG 
proteins accounted for HIV neutralisation. A similar 
correlation was found from in-vitro tests with other sera,33 
and some workers report induction of neutralising antibody 
by a recombinant vaccine expressing only a n  internal HIV 
protein, p l7 .34 These observations suggest that HIV  can be 
neutralised by antibodies against an internal viral protein, 
p24, p i 7, or p51, p66—in which case receptive epitopes 
must be expressed at surface sites accessible to antibody.

The lower incidence of opportunistic infections and the 
higher T-cell counts (but not the skin test results) suggest 
that the infusions enhanced cell-mediated immunity. 
Increased T8 (suppressor/cytotoxic) cells is another 
corollary of symptomless infection.24,35 The virological 
results are consistent with the notion that an increase in 
lymphocytes promoted cytotoxic reduction of infected cells. 
The statistically significant changes in the number of T-cells 
were transitory and longer-term effects remain to be 
determined. Elucidation of these factors in neutralisation of 
HIV, both cell and antibody mediated, by comparison of 
in-vitro and in-vivo activity, identification of effectors of the 
immunological, virological, and clinical improvement, and 
determination of the ability to prolong the control of HIV 
infection by passive antibody are critical observations for the 
further development and effective use of immunotherapy in 
HIV infections.

Is passive immunotherapy safe? The donors had no 
ill-effects from plasmapheresis and over a period now 
extended to more than one year, and two or more 
plasmaphereses, their HIV  antibodies are the same (within 
the range of technical variation of measurement). Slow 
administration of the plasma to recipients who were 
sometimes mismatched by ABO antigens caused no 
immediate reactions. Brief low-grade fever in one patient 
and a single slighdy tender lymph node were delayed 
side-effects. Examination of pre and post infusion plasma 
for circulating immune complexes (CIC) commonly yielded 
a positive test for non-specific CIC (C lq  binding) before 
and after the infusions (Paul DA, unpublished). HIV-

specific CIC were sometimes present for short periods 
usually just before the reappearance of antigenaemia.36 No 
clinical effect could be related to the CIC. The two patients 
who died within three months of the procedure had 
pre-existing and immediate causes of death that were readily 
explained without reference to the passive infusion. The 
plasma was sterile, frozen and thawed to rupture intact cells, 
and heated to inactivate undetected viable virus.

The fact that infusions were not continued was in the 
investigational design, which thereby yielded control 
periods for each patient before and after the infusion for 
interpretation and statistical evaluation. The results give 
additional insights into immunological features of HIV 
infection and show the feasibility of passive transfer of 
plasma components of potential use in the control of HIV 
infection.

We express appreciation to donors 10 and 11 who, by accepting 
plasmapheresis, made the investigation possible; to Janet Jaques and Irene 
McKiel, University of Illinois Hospital Blood Bank, where the 
plasmapheresis and infusions were performed; to Eugene Emeson, 
Department of Pathology, UICM , for the T-cell counts; to David Mack, 
Abbott Laboratories, for immunoassay support; to Kevin Brown, 
Department of Virology, The London Hospital Medical College, for the 
western blots; and to Burroughs Wellcome Company for support of the 
clinical and virological studies.
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EFFECT OF CIGARETTE SMOKING ON 
CERVICAL EPITHELIAL IMMUNITY: A 

MECHANISM FOR NEOPLASTIC CHANGE?
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Summary  Langerhans’ cells in cervical epithelium in 
colposcopic biopsy specimens were 

identified by immunocytochemical staining for S I00 
protein and T6 (CDl) antigen, and their density was 
quantified. Possible cofactors for the development of 
cervical neoplasia were examined for any effect on the cell 
counts per unit area. Current cigarette smoking was 
associated with a significant decrease in the Langerhans’ cell 
population in both normal epithelium and lesions due to 
cervical intraepithelial neoplasia. Ex-smokers tended to 
have cell counts between those of smokers and non-smokers. 
There was a dose-response relation between number of 
cigarettes smoked daily and effect on cell counts. These 
findings of a local immunological effect of smoking on 
cervical epithelium may explain the means by which 
cigarette smoking contributes to the development of cervical 
neoplasia.

Introduction
E p i d e m i o l o g i c a l  studies have established that 

cigarette smoking is a risk factor for cervical neoplasia.1 3 
There is clear evidence of a cumulative risk with increasing 
exposure and a persistent risk in ex-smokers. In one 
hypothesis for the development of cervical carcinoma, 
smoking is regarded as a cofactor that interacts with a 
sexually transmitted agent, probably human papilloma virus 
(HPV).4,5

Since women receiving immunosuppresive therapy have 
a fourteenfold increase in the occurrence of cervical 
carcinoma,6 and since these lesions may progress more
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rapidly than those in other women to invasive cervical 
cancer,7 the host immune response probably influences the 
development of cervical neoplasia. There is some evidence8 
that circulating T  lymphocytes from women with cervical 
neoplasia show a reduced response to mitogens and a 
depressed rosetting capacity.9 However, changes in the local 
cervical immune response are likely to be of greater 
importance than those in circulating T  lymphocytes in the 
development of cervical neoplasia.

Langerhans’ cells are epithelial dendritic cells that 
originate from bone marrow10 and are important in 
presenting antigen to T  lymphocytes.11 Several studies have 
shown that cervical epithelium showing histological changes 
of HPV infection have fewer Langerhans’ cells than normal 
tissue.12-14 Some early studies12,13 suggested an increase in 
Langerhans’ cells in cervical intraepithelial neoplasia (CIN) 
but recent work in our unit14 with two markers, S I00 
protein15 and common thymocyte antigen, T6 (C D l),16 has 
shown a considerable decrease,11 a finding confirmed by 
Hughes et al17 using T6 alone.

There is evidence that cigarette smoking may induce 
diverse changes in the immune system. Smokers have 
altered circulating T  cell subsets,18 changes in their alveolar 
macrophages,19 and decreased natural killer cell function.20 
The identification of high concentrations of cigarette smoke 
constituents, such as nicotine, in cervical mucus21 suggests 
that the cervix may be locally susceptible to the effects of 
cigarette smoke. This has led us to examine whether there 
are local immunological changes in the cervix associated 
with cigarette smoking.22

P a tie n ts  an d  M eth o d s
P a tie n ts

91 patien ts a ttend ing  a com m unity  colposcopy clinic were 
investigated. Som e w om en had  been referred  w ith  abnorm al 
cervical cytology, w hereas others were attend ing  for a colposcopic 
screening exam ination. All w om en had the p rocedure  fully 
explained to  them , including the  reason for biopsy, and  all agreed to 
th e  study . A  standard ised  history  was taken from  each w om an, 
including details o f  cigarette sm oking, contraceptive use, and  
sexually tran sm itted  diseases.

C olposcopic exam ination was preceded by taking a sam ple for 
cervical cytology w ith  an  A yres’ spatula, an endocervical sw ab for
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th e  identification o f  Chlamydia trachomatis by  a d irect m onoclonal 
an tibody  test (‘M icro trak ’, Syva), and ano ther endocervical swab 
for m icrobiological culture o f  Neisseria gonorrhoeae, streptococci, 
anaerobic bacteria , Trichomonas vaginalis, an d  Candida albicans.

S tan d ard  colposcopy was then  done after application  o f  5 %  acetic 
acid to  th e  cervix. A ll patients underw en t cervical b iopsy , e ither o f  
th e  area o f  a colposcopically visible abnorm ality  o r, in  w om en w ith  
colposcopically no rm al cervices, ex' the  transfo rm ation  zone. T h e  
biopsy  specim ens w ere fixed in  a m odified  form ol-calcium  
solu tion .23

Immunocytochemical Methods

A fter fixation fo r 24 h , th e  specim en was w ashed first w ith  
d istilled w ater an d  th en  by phosphate-buffered  sucrose (7%  sucrose 
in  0  01 mol/1 phosphate  buffer a t p H  7-4) for 2 h  before being  stored  
in  liqu id  n itrogen.

W ith in  2 w eeks, th e  specim ens were c u t on  a cryostat and  serial 
sections w ere collected on  to  3-am inopropyltriethoxysilane coated 
slides.24 T h re e  slides, each w ith  at least tw o sections, w ere ob tained , 
o ne slide (o f 5 pm  thickness) for standard  haem atoxylin  an d  eosin 
stain ing  for histological assessm ent and  tw o (o f 10 p m  thickness) for 
im m unocytochem ical staining.

Sections w ere incubated  for 10 m inu tes in  m ethano l-hydrogen  
peroxide to  block endogenous peroxidase activity , th en  trypsin ised  
for 10 m in  w ith  a solu tion  o f  0 -1 %  trypsin  in  0 -1 %  aqueous calcium  
chloride a t p H  7-8 and  37°C. T h e  av id in-b io tin  com plex (ABC) 
m eth o d  was used. T h e  antisera, each incubated  for 1 h  in  a 
h u m id ified  c h am b er, were:

S I 00— (i) S I 00 pro te in  antibody (z311 D A K O ) a t 1/100 
d ilu tion ,
(ii) b io tinated  an ti-rabb it an tisera (E353 D A K O ) at 
1/500 d ilu tion , incubated  for 1 h.

T 6 — (i) T 6  an tibody  (M 721 D A K O ) at 1/100 dilu tion ,
(ii) b io tinated  anti-m ouse antisera (354 D A K O ) a t 1 /400 
dilution.

A fter add ition  o f  A B C  com plex (K355 D A K O ) the  antisera and 
w ere fu rth e r incubated  for 1 h . T h e  peroxidase was developed by 
incubating  for 5 m in  w ith  fresh 3 3 ' d iam inobenzidine (0-5 m g/m l) 
and  0-5%  hydrogen  peroxide. T h e  sections w ere counterstained  
w ith  1 %  Alcian b lue in  3%  acetic acid and  m o u n ted  w ith  X am m a’s 
xylene.

S tan d ard  histological criteria for the  diagnosis o f  CI1SPS an d  H P V  
infection26 w ere applied.

T h e  n u m b er o f  L angerhans’ cells identified by  each m arker was 
assessed w ith  an  M O P-v ideop lan  im age analyser w ith  a d raw ing  
tu b e  and  d igitising table t linked to  a light m icroscope. T h e  
m agnification  u sed  du rin g  counting  was 10 x, w ith  h igher pow ers 
being used  to  exam ine the  m orphology and  to  confirm  th e  identity  
o f  th e  cells being  counted . L angerhans’ cells w ere recognised by  the  
p resence o f  a positively stained cell body w ith  a ttached  processes. 
T h e  area m easu red  was b o u n d  superficially by  th e  epithelial 
surface, laterally b y  arb itrary  lines perpendicu lar to  the  surface, and  
in  d ep th  by  the  basem ent m em brane. T h e  cell counts w ere 
expressed as n u m b er o f  cells p e r m m 2 sectional area o f  ep ithe lium  as 
p reviously described .14 All cell counts w ere p e rfo rm ed  b y  one 
observer b lind  to  th e  pa tien ts’ identity  and  clinical details.

Statistical Methods
D ifferences in  th e  cell counts betw een subgroups o f  patien ts were 

tested  by  use o f  th e  W ilcoxon rank sum  test and  th e  W ilcoxon test 
for tren d .27 p-values given are tw o-sided. T o  exam ine th e  da ta  for a 
dose-response effect, a log linear m odel was constructed  w ith  the 
G L I M  statistical package.28 Cases w ere classed by  5-year age-

TABLE I—MEDIAN LANGERHANS’ CELL COUNTS ACCORDING TO  
HISTOLOGY OF EPITH ELIU M

S100 T 6

Normal (n =  36) 51-4/mm2 115-9/mm2
CIN/HPV (n =  55) 12-1/mm2 28-3/mm2

- It o 6 o to 
1

(p <  0-0001)

TABLE II—EFFECTS OF CIGARETTE SM OKING ON M EDIAN 
LANGERHANS’ CELL CO UN T IN NORM AL EPITH ELIU M

Normal epithelium CIN/HPV

— n S100 T6 n S100 T 6

Never smoked 18 72-5 137-8 11 251 44-5
Ex smokers 3 63-6 115-7 10 44-6 37-0
Current smokers 15 9-6 45-4 34 7-1 21-6

Current vs never smoked p=0-001 p = 0-005 p = 0 006 p =  0-03
Test for trend p = 0-001 p = 0-004 p = 0-003 p =  0-02

Cell count given/mm2

TABLE III—LOG-LINEAR M ODELLING FOR DOSE-DEPENDENT 
EFFECT OF CIGARETTE SM OKING ON LANGERHANS’ CELL COUNTS

—
Regression
coefficient

Standard
error

LR-
statistic LR p-value

S100
Normal -0-0995 0-0252 23-9 <0-0001
CIN/HPV -0-0717 0-0189 18-2 <0-0001

T6
Normal -0-0734 0-0180 21 1 <0-0001
CIN/HPV -0-0311 0-0135 5 6 0 0 2

Regression coefficient is per daily cigarette. 
LR =  Likelihood ratio.

groups. Because o f  th e  sm all n u m b ers , th e  up p er age-groups w ere 
am algam ated to  give fou r g roups (1 8 -2 2 ,2 3 -2 7 ,2 8 -3 2 , 33 + ) .  T h e  
dependent variable o f  in terest is cell-counts per un it area, w hich we 
assum e follow a log linear m odel w ith  Poisson erro r and  em pirical 
scale factor (to allow fo r overdispersion). All analyses w ere stratified 
b y  age-group, an d  th e  results w ere assessed by  the  likelihood ratio 
statistic, w hich was re ferred  to  a x2 d istribu tion  w ith 1 degree o f 
freedom .

R esu lts
O f  th e  91 w o m e n  in v e s tig a te d  36  h a d  n o rm a l  c y to lo g y , 

n o rm a l  c o lp o s c o p y , a n d  n o  H P V  in fe c tio n  o r  C I N  in  th e  
c o lp o sc o p ic  b io p s y ,  a n d  55  h a d  b o th  c o lp o sc o p ic  a n d  
h is to lo g ic a l e v id e n c e  o f  C I N  w ith  H P V  in fe c tio n . T h e  
m e d ia n  a g e  o f  b o th  g r o u p s  w a s  27  y e a rs .

Patients with C IN  and HPV infection had much lower 
median Langerhans’ cell counts than normal controls (table

The Langerhans’ cells detected in CIN/HPV lesions had 
fewer dendritic processes, and those present were shorter, 
than those in normal epithelium. Furthermore, in normal 
epithelium Langerhans’ cells were found throughout the 
lower half of the epithelium, whereas in areas of CIN/HPV 
with depleted cell counts, Langerhans’ cells were confined 
to the region closest to the basement membrane.

Current smokers had significantly fewer Langerhans cells 
than did non-smokers and ex-smokers, in both normal 
cervical epithelium and in CIN/HPV of all grades (table Ii).

A log linear model to test for a dose-response relation 
between numbers of cigarettes smoked and the Langerhans’ 
cell count showed a significant association between the daily 
intake of cigarettes smoked and the reduction in 
Langerhans’ cell counts in both normal cervix and CIN / 
HPV lesions (table III).

Discussion
Cigarette smoking is associated with a significant and 

dose-dependent decrease in the concentration of 
Langerhans’ cells, the most prominent type of antigen- 
presenting cell in normal cervical epithelium.14 This 
reduction in the number of Langerhans’ cells available to 
detect and present viral antigens to T  lymphocytes may 
facilitate the establishment and persistence of local viral



infection. This could increase the likelihood of the 
development of a virally induced neoplastic transformation, 
as has been proposed for HPV.29

Discrepancies between previous studies12̂ 4 in 
Langerhans’ cell counts in C IN  could have been due to 
differences in techniques of identifying and counting cells, 
or to differences in smoking habits, which had not been 
controlled for. A full smoking history is as essential in this 
context as it is in epidemiological studies, and previous 
exposure by ex-smokers should also be recorded. Passive 
cigarette smoke exposure also poses difficulties in the 
assessment of the differences between groups, and an 
attempt to quantify such exposure is currently being 
performed in this unit.

Our findings and those of previous studies14,16 show that 
the decrease in Langerhans’ cells in cervical precancer can 
be related to both smoking and to HPV infection. T  cell 
numbers are likewise decreased in both HPV infection and 
C IN ,30 but those of macrophages31 and natural killer cells32 
seem to rise. Such complex alterations in local cellular 
immunity may be important in determining whether an 
HPV infection persists, progresses, regresses, or undergoes 
a premalignant change. The diversity of these outcomes33-35 
is difficult to explain, especially in relation to HPV type 16 
infection. This viral subtype is strongly associated with 
cervical neoplasia,36 but it is also found in women with 
apparently normal cervices.37 The effect of cofactors such as 
smoking on the cervical local immune response may 
influence the outcome of a specific HPV infection. There 
seem to be fewer S I00 and T6 positive Langerhans’ cells in 
cervical epithelium infected with HPV type 16 than 
epithelium infected with other viral subtypes (Barton SE, 
Hollingworth A, McCance DJ, Jenkins D , Singer A, 
unpublished). The possible synergistic effect of HPV type 
16 infection and cigarette smoking on functional cervical 
immunity remains to be elucidated.

Which constituent or metabolite of cigarette smoke is 
responsible for the changes in Langerhans’ cells is unknown. 
However, topical application of the carcinogen 9,10 
dimethyl-1,2, benzanthracene may cause Langerhans’ cell 
depletion in the skin,38 and other, cigarette-derived, 
carcinogens such as benz-a-pyrene have been shown to 
impair antibody production in vitro.39

Our demonstration of Langerhans’ cell depletion in the 
cervical epithelium of cigarette smokers offers an 
explanation of how smoking may contribute to the 
development of cervical neoplasia—ie, by producing local 
immunosuppression in the cervical epithelium, even in 
otherwise healthy women. This reinforces the 
epidemiological association of smoking with cervical cancer 
and provides further evidence for intensifying the campaign 
to encourage women to stop smoking.
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Summary
A formalin-calcium fixation method of preparing cryosections is described, which allows demonstration of Langerhans' cells 
by S100 antigen staining on frozen sections. The number, of Langerhans' cells given by T6 antigen staining is also higher in 
formalin-calcium fixed frozen sections than acetone, fixed frozen sections. The preparation is suitable for dual demonstration 
of the two antigens on the same section enabling a more accurate numerical evaluation of Langerhans' cell populations in the 
normal cervical epithelium.

Introduction
Langerhans' cells have attracted great interest in the 
last decade. They are bone marrow-derived dendri
tic cells (Katz et al, 1978; Tamaki et al., 1980) found 
in all squamous epithelium (Figueroa & Caorsi, 
1981; Morris et al, 1983) and are involved in the 
process of antigen presentation and specific T cell 
activation in the afferent arm of cell mediated im
munity (Shelley & Juhlin, 1976; Stingl et al., 1980; 
Streikin et al., 1980; Boog et al., 1985). In a recent 
study (Tay et al, 1986) we described two subsets.of 
Langerhans' cells of possible functional and his- * 
togenetic significance in normal cervical epithe
lium. That study required the use of cryo-techni- 
ques for the T6 and a formalin-fixed, paraffin 
embedded preparation for the S100 antigen demon
stration. This necessitated the use of two separate 
biopsies with the attendant problems of differences 
in sampling, problems of processing artefacts, dif
ferences in section thickness, and variation in dis
tribution. There might also be a difference in in
tensity of antigen demonstration between the two 
different types of preparation. In the present study 
a new method of fixation of tissue for immunocy
tochemical staining was developed so that T6 and 
S100 antigens could be simultaneously demon
strated in sections,' allowing a quantitative and 
qualitative comparison of the marker patterns of 
Langerhans' cells in cervical epithelium.

* To whom correspondence should be sent.

Materials and methods
SUBJECTS

Cervix was obtained from fresh hysterectomy specimens 
from five women of mean age 40 (range 34-46) years. 
They all had more than One normal cervical smear pre
viously and the operation was carried out for dysfunc
tional uterine bleeding.

PROCESSING TECHNIQUE

Four adjacent blocks of tissue ( lx  1x0.3 cm) were taken 
from the transformation zone of each cervix and proces
sed as follows.

Formalin fixed paraffin embedded sections 
The block was fixed in neutral buffered formalin, embed
ded in paraffin and sections were cut at 6 pm.

Formalin-calcium fixed tissue stored in liquid nitrogen 
The block was fixed for 24 h in- a modified formalin- 
calcium fixative containing 1 g calcium chloride, 7 g 
sucrose, 2.0 ml ethylene glycol dissolved in 100 ml distil
led water, followed by the addition of 10 ml 40% forma
lin. The final pH was adjusted to 7.4. The specimen was 
then washed in phosphate-buffered sucrose solution (7% 
sucrose in 0.1 m phosphate buffer, pH. 7.4) for 2 h and 
stored in liquid nitrogen. Tissue sections were cut at 10 
pm thickness on a Bright Cryostat Model OTF/AS/D/MR/ 
EC. The sections were mounted on poly-L-lysine coated 
slides numbered to allow identification of sequential sec
tions. The sections were dried at room temperature for 30 
min, then wrapped in tin foil, stored at -20° C and used 
within two weeks.

0018-2214/87 $03.00 +.12 ©  1987 Chapman and Hall Ltd.



Formalin-calcium fixed frozen sections stored at -20° C 
The block was fixed in the modified formal calcium fixa
tive for 24 h, washed in phosphate buffered sucrose for 
2 h, and cryostat sections were cut and stored at -20° C 
until required as described above.

Unfixed tissue stored in liquid nitrogen 
An unfixed block was stored in liquid nitrogen, to pro
vide fresh frozen sections. These were stored at -20° C 
and stained within a week.
IMMUNOCYTOCHEMICAL STAINING
Acetone fixed fresh frozen sections -  T6 antigen demon- .
stration
An indirect immunoperoxidase method using Dako M721 
primary antisera at 1:100 dilution and peroxidase conju
gated rabbit anti-mouse antisera (Dako P260) at 1:55 dilu
tion was performed as described in a previous report"" 
(Tay et al., 1986). Freshly prepared 3, 3:diaminobenzidine 
(0.5mg/ml) with 0.5% hydrogen peroxide was used as the 
chromogen, and the sections were counterstained with 
1% Alcian Blue in 3% acetic acid.

Paraffin sections -  S100 antigen demonstration 
Sections were incubated in methanol-hydrogen peroxide 
to block endogenous peroxidase activity and then trypsi- 
nised (0.1% trypsin in 0.1% aqueous calcium chloride at 
37° C, pH. 7.8) for 10 min. The peroxidase-antiperoxidase 
(PAP) method using rabbit anti-bovine S100 protein 
(Dako Z311) at 1:100 dilution, swine anti-rabbit antisera ■ 
(Dako Z196) at 1:55 dilution and rabbit PAP complex 
(Z113) at 1:200 dilution was employed in a humidified 
chamber with 1 h incubation of each antiserum. Chro
mogen and counter-staining were as described above.

Formalin-calcium fixed frozen sections
Three groups of staining methods were performed:
. 1. demonstration of T6 alone;
2. demonstration of S100 alone;
3. demonstration of both S100 and T6. t i j 

In all three groups the blocking of endogenous perox
idase and trypsinization were performed as for the S100 
antigen demonstration. Sections were then incubated 
with the same primary antisera containing a mixture of

rabbit anti-bovine S100 protein (Dako Z311) and mouse 
anti-T6 antibody (Dako M721), both at 1:100 dilution. 
Subsequently T6 antigen in Group 1 and S100 antigen in 
Group 2 were demonstrated individually as described 
above. In Group 3, both T6 and S100 antigens were 
demonstrated by incubating the sections with peroxidase 
conjugated rabbit anti-mouse (P260) at 1:55 dilution, 
swine anti-rabbit (Dako Z196) at 1:55 dilution, and rabbit 
PAP complex (Dako Z113) at 1:200 dilution. Each incuba
tion lasted 1 h and all incubations were performed in a 
humidified chamber with positive and negative controls. 
The chromogen and counterstaining were as described 
above.
NUMERICAL ESTIMATION OF LANGERHANS' CELLS 

The number of Langerhans' cells within the entire 
squamous epithelium of each section was counted under 
light microscopy at 250 times original magnification. The 
counts were performed on numerous fields by one of us 
(P.H.M.) and each cell was recognized by the presence of 
a positively stained cell body with attached processes 
(Figs. 1 & 2). Positively stained processes in isolation were 
disregarded. The counts and cross sectional area of the 
epithelium were measured and recorded using a MOP- 
Videoplan image analyser with a drawing tube attached 
to a light microscope and a digitizing tablet.
STATISTICAL ANALYSIS

The difference in the cell counts between different prepa
rations and between T6 and S100 antigens were analysed 
by the Wilcoxon rank sum test.

R esults

The cell counts/m m 2 sectional area of epithelium  are 
sum m arized in  Table 1. The resu lts  w ere sim ilar for 
form alin-calcium  fixed tissues with* an d  w ithout 
storage in  liquid n itrogen  (Blocks b an d  c).

Langerhans' cells demonstrated by S100 antigen alone 
The m ean num ber of L angerhans' cells w as 95.5 
(range 47.5-148.4)/mm2 on  paraffin em bedded sec
tions a n d '119.1 (range 74.3-172.8)/mm 2 on  form alin- 
calcium  fixed frozen section. There is no  statistically

Table 1. Number of Langerhans' cells per square millimetre sectional area of epithelium.

Case number

Formalin fixed 
paraffin section

Acetone fixed 
frozen section , Formalin-calcium fixed frozen section

S100 T6 S100 T6 S100+T6
V 90.1 191.0 74.3 161.5 153.9
2 Not measured 107.6 109.1 144.4 179.0
3,(1) 90.9 80.5 85.9 119.7 151.1
(2) 148.4 106.5 158.3 206.6 251.0

4 86.2 80.8 82.6 124.0 163.5
5(1) 47.5 52.1 172.8 160.1 232.6
(2) 109.8 Not measured 151.4 145.3 227.6
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Fig. 1. Form alin-calcium  fixed frozen section of norm al hum an cervix dem onstrating S100+ T6+ cells, x  600. 
Fig. 2. H igher magnification of region of epithelium  show n w ithin the arrow s in Fig. 1. x  1500.

significant difference betw een the counts in the two 
preparations and  the cells show ed a similar localized 
distribution w ithin the section as previously described 
(Tay et al., 1986).

Langerhans' cells demonstrated by T6 antigen alone 
In form alin-calcium  fixed sections the m ean num 
ber of Langerhans' cells w as, 151.7 (range 124.0- 
206.6)/mm2. This w as significantly higher (p<0.05) 
than the m ean count of 103.1 (range 52.1-191.0)/

m m 2 for acetone fixed sections. Langerhans' cells 
were seen th roughou t the epithelium ; in the stro
ma, T6 positivity w as seen only in formalin-calcium 
fixed frozen sections.

Langerhans' cells demonstrated by both T6 and S100 
antigens
Com bined staining for both T6 and S100 antigens 
revealed a num erically and significantly (p <  0.05) 
larger population of cells than  either T6 or S100



alone. The mean -count was 194.1 (range 151.1— 
251.0)/mm2 sectional area of the epithelium.

Discussion

S100 Protein has been shown to. be distributed in 
Langerhans' cells and melanocytes but not in kera- 
tinocytes (Cocchia et a l ,  1981; Nakajima et a l ,  
1982). The population of melanocytes in cervical 
epithelium is extremely low and melanocytes have not • 
been observed to be present in our preparations. Strict 
criteria have also been adopted here to exclude ner
vous elements from the evaluation of Langerhans' 
cells.

The similar Langerhans' cell counts on paraffin 
embedded sections and formalin-calcium fixed frozen 
sections suggest that both methods are satisfactory for 
the demonstration of S100 antigen and confirm the 
stability of S100 antigen during the process of paraffin 
embedding, a process thought by some investigators 
to affect antigenic demonstration (Stein et al., 1984; 
Gau & Chard, 1984). The use of a modified formalin- 
calcium fixative in this paper is the first technique to 
allow the demonstration of S100 antigen on cryostat 
sections prepared from tissue stored in liquid nit
rogen. The higher count of T6 positive cells in 
formalin-calcium fixed frozen sections than acetone 
fixed fresh frozen sections suggests that the prior 
fixation by formalin-calcium not only preserves the 
labile cytoplasmic S100 antigen but also stabilizes the 
membrane T6 antigen.

The preparation has the advantage of allowing T6 
and S100 antigens to be demonstrated on the same 
section. It permits direct comparison of the popula
tions of Langerhans' cells demonstrated by these 
markers both individually and combined. In this 
study, we used a mixture of anti-SlOO and anti-T6 
antisera in three groups of sections in an attempt to 1 ■ 
eliminate variations in sensitivity produced by com
bining the two antisera. Quantitatively we found that 
the combined staining for both T6 and S100 antigen 
revealed a numerically larger population of cells than 
either T6 or S100 alone.

To explain these observations we suggest that 
sub-populations of Langerhans' cells exist, bearing 
S100 and T6 antigen either singly or together. Further 
work is now in progress in our department, involving 
the use of different chromogenic markers for S100 & 
T6, in order that a more accurate picture of these 
subpopulations may emerge.

Acknowledgements

We wish to thank Miss L. LaFrenais, Mrs F. Adamson, 
Miss M. Norris & Mr M. Lydon for their technical 
support, and Mrs M. Maddox for typing the manu
script.

References

BOOG, C. J. P., KAST, W. M., MARC TIMMERS, H. T., 
BOES, J., DE WAAL, L. P. & MELIEF, C. J. M. (1985) 
Abolition of. specific immune response defect by 
immunisation with dendritic cells. Nature 318, 59-62. 

COCCHIA, D., MICHETTI, F. & DONATO, R. (1981) Im- 
munochemical and immunocytochemical localization 
of S100 antigen in normal human skin. Nature 294 
85-7.

figueroa, j. & caorsi, I.. (1981) An ultrastructural and 
morphometric study of Langerhans' cells in normal 
human ectocervix. J. Anat'. 131, 669-82. 

g a u , g . s. & c h a r d , t. (1984) Preparation of human 
tissue for antigen labelling with monoclonal anti
bodies. Lancet 2, 374, 

katz, s., t a m a k i, k . & sachs, d . (1978) Epidermal 
Langerhans' cells are derived from cells originating in 
the bone marrow. Nature 282, 324-6. 

morris, h . h . b., gatter, k . c ., stein, h . & m a s o n , 
d . y. (1983) Langerhans' cells in human cervical 
epithelium: an immunohistological study. Brit. J. Ob
stet. Gynaecol. 90, 400-11.

NAKAJIMA, T., WATANABE, S., SATO, Y. KAMEYA, T.,
hirota, t. & shi mosa to, y. (1982) An im- 
munoperoxidase study of S-100 protein distribution 
in normal and neoplastic tissue. Amer. J. Surg. Pathol. 
6, 715-17.

shelley, w. & juhlin, l. (1976) Langerhans' cells form 
a reticuloepithelial trap for external contact allergens. 
Nature 261, 46-7. 

stein, h ., gatter k . c ., heryet, a . & MASON, d . y. 
(1984) Freeze-dried paraffin-embedded human tissue 
for antigen labelling with monoclonal antibodies. 
Lancet 2, 71-3.

STINGL, G., KATZ, S., GREEN,- I. & SHEVACH, E. M.
(1980) The functional role of Langerhans' cells. J. 
Invest. Dermatol. 74, 315-8.

STREIKIN, J. W., TOEWS, G. T., GILLIAM, J. N. & BERG-
stresser, p. r . (1980) Tolerance or hypersensitivity 
to 2, 4-dinitro-l-fluorobenzene: the role of
Langerhans' cell density within epidermis. /. Invest. 
Dermatol. 74, 319-22. 

t a m a k i, k ., stingl, g . & katz, s. (1980) The origin of 
Langerhans' cells. J. Invest. Dermatol. 74, 309-11.

TAY, S. K., JENKINS, D., MADDOX, P. H., CAMPION, M.
j. & singer, a . (1986) Subpopulations of Langerhans' 
cells in cervical neoplasia. Brit. }. Obstet. Gynaecol., in 
press.



JOURNAL OF PATHOLOGY, vol. 163:25-30 (1991)

CD la  A N D  SI 00 A N T IG E N  EXPRESSION IN  SK IN  
L A N G E R H A N S CELLS IN  PATIENTS W ITH  

BREAST CA NC ER

ALAN J. WILSON*, PETER H. MADDOX| AND DAVID JENKINSf

Clinical Research Centre, University College and Middlesex School of Medicine, Departments of Surgery* and 
Pathology^, Whittington Hospital, Highgate Hill, London N19 5NF, U.K.

Received 5 July 1990 
Accepted 8 August 1990

SU M M A R Y

Langerhans cells (LCs) are dendritic, antigen-presenting cells found in the epidermis. This study investigates the 
effect o f early breast cancer on the expression o f CD 1 a and S100 antigens by these cells. LCs were counted and expressed 
as cells/mm of epithelial basement membrane on biopsies from the skin overlying the tum our and from biopsies distant 
from the tum our. A control study was performed on norm al breast skin, not adjacent to a lesion, from women with 
benign breast disease.

The LC count o f 18 patients undergoing biopsy for benign breast disease indicated a mean o f 26 cells/mm [95 per cent 
confidence interval (Cl) 23-29] and a SlOO/CDla ratio o f 70 per cent.

In 35 cases o f early breast cancer, the CD la-positive LC count in the epidermis overlying the carcinom a (mean 
26/mm; 95 per cent C l 23-29) was similar, but the count made on biopsies distant from the tum our (mean 21 /mm; 95 per 
cent C l 19-23) was significantly smaller. The percentage ratio o f SlOO/CDla LCs was 71 per cent over the carcinoma 
and 84 per cent in the distant biopsies.

The changes were not associated with the presence o f nodal metastases or the oestrogen and progesterone status of 
the primary tumour.

The reduction in LC num bers provides a link between decreased monocyte function and the decreased skin hyper
sensitivity responses found in patients with breast cancer.

k e y  w o r d s — Langerhans cells, breast cancer, oestrogen receptors, ANOVA, monocytes, immunocytochemistry.

IN T R O D U C T IO N

Langerhans cells (LCs) form a dendritic network 
in the epidermis and contribute to about 5 per cent 
o f  the epidermal cell population. They are derived 
from bone marrow cells o f  monocyte/macrophage 
lineage1-3 and absorb processed antigen which they 
present to the immune system.4,5 LCs initiate skin 
contact hypersensitivity reactions.5,6 The topical 
application o f  reactive haptens such as 2,4-dinitro-
1-fluorobenzene7 is associated with a reduced 
hypersensitivity reaction if  there is a low density o f  
LCs.
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Both increases and decreases have been reported 
for the number o f  LCs in the epidermis overlying 
primary human tumours.8-10 Studies o f  cervical 
epithelium have shown a decreased density o f  LCs 
associated with human papilloma virus infection,11 
cigarette sm oking,12 and cervical intraepithelial 
neoplasia.13

It has been recognized for many years that the 
hypersensitivity response o f  patients with breast 
cancer to topically applied haptens is reduced14 even 
in the early stages o f the disease.15

In this study the differential expression o f  LCs 
stained for C D la  and SI 00 antigens has been exam
ined in the epidermis o f  women with early breast 
cancer, overlying and distant from the tumour. The 
counts in women with breast cancer were compared 
with those in normal skin taken from women with 
benign breast disease.
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M E T H O D S

P atien ts
Skin b iopsies w ere ob ta in ed  fro m  surgical speci

m ens o f  35 p a tien ts  undergo ing  excision o f  early  
b reas t cancer (T l-2  N O -1 M O ), m ean  age 58 (range 
31-83). A ll pa tien ts  h a d  ax illary  nodes exam ined  
h isto log ically  fo r the  presence o f  m etastases. 
Sam ples o f  the  p rim ary  tu m o u r w ere s to red  in  liqu id  
n itro g en  fo r  oestrogen  an d  p ro g este ro n e  recep to r 
analysis. T w o skin  b iopsies w ere tak e n  fo r each  case: 
one fro m  the  skin  overlying the  p rim ary  tu m o u r, 
a n d  the  o th e r  a  m easured  d istance  fro m  the  first 
b iopsy  (m ean  d istance 5-9 cm , range  2 -15  cm ).

Controls
Skin  b iopsies were taken  from  18 w om en (m ean 

age 45, ran g e  2 4 -5 7 ) undergo ing  b reas t b iopsy  fo r 
benign  b reast disease an d  w ho h a d  been  d iagnosed  
as such by  h isto log ical exam ination . B reast sk in  w as 
o b ta in ed  d is ta n t from  any  discrete lesion.

Processing o f  sk in  biopsies fo r  C D  la  and  S100  
staining

E ach  sk in  b iopsy  w as o rien ta ted  o n  filter p ap e r 
an d  fixed in  fo rm al calcium  so lu tio n 16 fo r  24 h, 
w ashed  in  d istilled  w ater, an d  s to red  in  p h o sp h a te - 
buffered sucrose fo r a t  least 24 h. T he  skin  b iopsies 
w ere rem oved  from  the filter p ap e r, o rien ta ted  in  
O C T  co m p o u n d  (B ritish  D ru g  H ouses L td .), an d  
frozen  o n to  a  c ry o sta t chuck -ho lder coo led  w ith  
liqu id  n itrogen . Sequential sections o f  10 p m  th ick 
ness w ere cu t o n  a  B righ t’s c ryosta t, a n d  m o u n ted  on 
n um b ered  glass slides coa ted  w ith  3 -am inopropy l- 
trie thoxysilane  (A P E S ),17 d ried  a t  ro o m  tem p era tu re  
fo r a t  least 30 m in , w rapped  in  tin  foil, a n d  s to red  a t 
— 20°C fo r subsequen t sta in ing  a n d  co u n tin g  w ith in  
2 w eeks.

Processing fo r  oestrogen and  progesterone receptor 
staining

U nfixed tu m o u r  b iopsies w ere cryosectioned  a t 
6 p m ,  m o u n te d  on  A P E S -coated  slides, a n d  fixed 
im m ediately . Sections fo r oestrogen  recep to rs  w ere 
fixed using  a  phosphate-buffered  fo rm alin , m e th a 
nol, a n d  acetone  sequence. Sections fo r  p rogeste rone  
recep to rs  w ere fixed in  fo rm al p icric  a c id 18 fo r 
10 m in . Slides w ere w ashed in  0* 1 M p h o sp h a te  buffer 
a n d  s to red  a t  — 20°C.

Im m unocytochem ica l staining m ethods
C D  la  an tig en  w as d em o n stra ted  using  a  m o n o 

clonal an ti-h u m a n  an tib o d y  M 721 (D a k o  L td .,

2 5

2010

CD ! a  I j 'p V  
SECTIO N S 1 2

SUBDIVISION 1

SUBDIVISION 2S 1 0 0
SECTIO N S SUBDIVISION 3

Fig. 1—The variation in Langerhans cell counts (cells/mm of 
basement membrane) within epidermis stained for CD la and 
S100

C openhagen) a t a  d ilu tio n  o f  1:60. S100 an tigen  w as 
d em o n stra ted  using  a  polyclonal rab b it an ti-bov ine  
an tib o d y  Z311 (D a k o  L td ., C openhagen) a t 1:200. 
Sections w ere b locked  fo r endogenous perox idase  
w ith  m e th a n o l-h y d ro g e n  peroxide and  trypsin ized  
(0* 1 pe r cen t try p sin  in aqueous calcium  ch lo ride  a t 
37°C, p H  7*8) fo r 3 m in. P rogesterone  recep to rs  
were d em o n stra ted  w ith  a  m ouse  m onoclona l a n ti
b ody  (T ransb io -S arl, F rance) a t  a  d ilu tio n  o f  1:10.

A n  A vid in  B io tin  C om plex  K355 (D ak o  L td ., 
C openhagen) w as used  fo r the  im m uno-labelling  o f  
these th ree  an tigens w ith  b io tiny la ted  an ti-m ouse  
E354 (D ak o  L td ., C openhagen), d ilu tion  1:400, 
an d  a n ti-ra b b it E353 (D ak o  L td ., C openhagen), 
d ilu tion  1:500, as b ridg ing  an tibod ies. O estrogen  
recep tors w ere d em o n stra ted  using  a ra t  perox idase  
-an ti-p e ro x id a se  an tib o d y  system  E r-IC A  (A b b o t 
Labs., N . C hicago). A ll an tib o d y  incubations 
were fo r 1 h an d  the  perox idase  label w as d em o n 
stra ted  w ith  freshly  p rep a red  3 ,3-d iam inobenzid ine 
ch rom agen  (0-5 m g/m l) w ith  0-5 pe r cent hyd rogen  
peroxide.

T he slide p rep a ra tio n s  fo r C D  la  an d  SI 00 were 
coun te rs ta ined  w ith  1 per cen t A lcian  Blue in  3 per 
cen t acetic acid , a n d  those  fo r oestrogen  a n d  p ro 
gesterone recep to rs  w ith  2 per cen t aqueous H a rris ’ 
haem atoxy lin .

Counting o f  Langerhans cells— T he ou tline  o f  
each  skin  section w as d raw n  o n  p ap e r m o u n ted  on  a  
digitizing tab le t a n d  m easu red  using a M O P  
V ideop lan  Im age  A nalyser (K o n tro n ) w ith  a  
draw ing  tube  a tta ch e d  to  a  ligh t m icroscope a t  a  
m agnification  o f  x 64. T he  sta ined  ep ithelium  w as



LANGERHANS CELLS AND BREAST CANCER 

Table I—The analysis of variance o f Langerhans cell counts in normal epidermis
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Ssq* D F | MSsqJ VR(a)§ VR(b)||

Between sections 1081-89 11
Stain 1022-78 1 1002-78
Residual (b) 79-11 10 7-91 1-09

W ithin sections 279-33 24
Division 36-22 2 18-11 2-49
Division x section 97-56 2 48-77 6-71
Residual (a) 145-56 20 7-27 1-00

Totals 1361-22 35

*Sum of squares, 
f Degrees of freedom.
JMean sum of squares.
§Variance ratio (F) against residual (a).
|| Variance ratio (F) against residual (b).
IE variance ratio refers to the F  value (see text).

divided into three lengths o f  approximately 4 mm 
and the number o f  Langerhans cell bodies was 
counted in each subdivision at a magnification o f  
x 250. The mean count o f Langerhans cells per mm  

length o f  basement membrane was calculated for 
each section. All counts were done by the same 
person (PHM) and the statistical analysis was by 
AW.

Statistical reproducibility o f  counting and statisti
cal analysis— Twelve serial sections were cut and 
alternate sections were stained for CD la  and SI 00 
antigens. The number o f  Langerhans cell bodies was 
counted in the three subdivisions o f each section. 
The variations between serial sections, within each 
section, and between stains were determined using a 
split block design and analysis o f  variance.19

The results are shown in Fig. 1 and the analysis o f  
variance in Table I .

There is very little variation in the counts 
between different sections (F =  1-09); there is no sig
nificant difference in the counts in each subdivision 
(F=2-49). Any differences in counts are mainly 
attributable to the different stains (F =  126-76) and 
the significant interaction between subdivisions and 
stain (F =6-71) can be explained by the variation 
and distribution o f LCs in the skin, stained for 
SI 00. CD la  marks more cells and stains with less 
variation than SI00.

The paired /-test was used to test for differences in 
the same patient and was checked using the M ann-

Whitney U-test, particularly in small samples where 
the normal distribution was in doubt.

RESULTS
The. counts o f Langerhans cells in samples o f epi

dermis from controls, over the cancer, and distant 
from the cancer are shown in Fig. 2. There is a signifi
cantly lower count o f CD la-positive Langerhans 
cells away from the cancer compared with the overly
ing skin biopsy in the same patient (paired /-test; 
/ =  4-71, P^0-0001). The counts over the cancer 
were very similar to those o f the controls. There were 
fewer CD la-positive cells (Fig. 2) in the distant skin 
biopsies o f patients compared with controls (/ =  3-05, 
P = 0-0037).

The proportion o f SI 00-positive cells to CD la- 
positive cells from the skin o f patients with breast 
cancer is shown in Fig. 3, and was significantly 
greater in the distant biopsies than in the local 
biopsies (paired /-test; /= 3 -0 9 , P = 0-004). This 
increase was also observed when compared with the 
controls ( P = 0-001). The local effects o f increased 
CD la-positive cells over the tumour, and the altered 
proportion o f SI 00-positive cells were not associated 
with the oestrogen and progesterone receptor 
content o f  the tumour nor with the axillary nodal 
involvement. There were lower counts o f  CD la- 
positive LCs in the distant skin biopsies o f  patients 
with axillary node metastases and oestrogen receptor 
tumours, but these differences were not statistically 
significant.
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No L a n g e r h a n s  c e l l s / m m  B a s e m e n t  M e m b r a n e  
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Fig. 2—A comparison of the Langerhans cell count using CDla antibody in the epidermis of 
controls, over the cancer, and distant from the cancer

DISCUSSION

In this study we were careful to obtain paired 
biopsies from specific sites in the same patient to 
allow for previously reported differences between 
anatomical sites in the same subject and between 
comparable sites in different subjects.21 Using a 
formal-calcium fixation processing technique, we 
were able to demonstrate C D la  and S I00 antigen in 
adjacent sections o f the same biopsy,16 which avoids 
variation due to separate biopsies. This technique 
has been previously used to demonstrate that these 
two antigens may be present on the same dendritic 
cell population.

In normal breast skin, S I00 staining detects 31 
per cent fewer cells than C D la  and demonstrates a 
greater variation in the count o f  SI 00-positive cells 
in serial sections o f epidermis. The reason for this 
variation is uncertain. SI00 is a calcium binding 
protein whose function is unknown, but in micro
glial cells which have a phenotypic expression simi

lar to Langerhans cells,23 in vitro activity includes 
the inhibition o f various protein phosphorylation 
events.24

The density o f Langerhans cells in the skin 
depends on the rate o f migration and self
renewal. Murine1 and human2 Langerhans cells 
originate in bone marrow from a monocyte/ 
macrophage cell line.3 The precursors are present 
among the pool o f circulating monocytes and mi
grate into the epidermis, where they transform 
into Langerhans cells probably induced by the 
keratinocytes. Langerhans cells are a dynamic 
population o f cells with evidence o f rapid self
renewal25 as they migrate from the epidermis to 
the regional lymph nodes.26 In this controlled 
study with identical tissue processing, the pro
portion o f  SI00 to C D la  positivity may reflect 
the functional state o f Langerhans cells.

In the epidermis overlying a carcinoma, the count 
o f Langerhans cells bearing C D la  antigens and the 
proportion o f Langerhans cells staining with SI00
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Fig. 3—The ratios of S 100/CD la positive cells in the epidermis of controls, over the cancer, and 
distant from the cancer

antibody are not significantly different from those 
o f normal breast skin obtained from women with 
benign breast disease. In epidermal biopsies distant 
from the tumour, there is a 20 per cent reduction in 
CD la-positive Langerhans cell counts and a 17 per 
cent increase in the proportion o f SI 00-positive cells 
although the number o f SI 00-positive cells seems to 
be similar.

The alterations in the numbers and phenotypes 
o f Langerhans cells could be due to a reduction in 
the ability o f  m onocyte precursors to undergo dif
ferentiation and self-renewal, or abnormalities o f  
keratinocytes to induce differentiation and support 
renewal. There is evidence o f abnormal monocyte 
function in patients with breast cancer. In vitro 
studies have shown a reduced m onocyte mi
gration,27,28 reduced m onocyte-m acrophage trans
formation,29 and a reduction in phagocytic 
activity.30 In addition, increased lysozyme produc
tion28 and procoagulant activity30 have been found. 
Retroviral particles and reverse transcriptase 
activity have been described in 1 the monocytes o f  
breast cancer cases31 and the intrinsic anti-viral

activity o f  macrophages harvested from cancer 
cases has been shown to be impaired.32

The decrease in numbers o f  LCs and the changed 
phenotype seen in distant skin from patients with 
breast cancer compared with women with benign 
breast disease may be explained by abnormal m ono
cyte function. Bergfelt et at.33 used anti-Iak and 
ATPase markers, and found a 44 per cent increase in 
the density o f Langerhans cells overlying murine 
tumours which had been injected subcutaneously. 
This increased density did not seem to be related to 
the histocompatibility o f  the various cell lines. The 
relative increase in LCs in skin overlying the cancer 
compared with skin elsewhere may be caused by the 
local effects o f the tumour, releasing associated 
products from malignant epithelial cells, stroma, or 
the host cellular response.

Contact hypersensitivity responses to tubercu
lin,14 dinitrochlorobenzene,20 and other allergens34 
are reduced in some patients with breast cancer, the 
degree o f  reduction often appearing greatest in cases 
o f advanced disease and poor prognosis.35 Alter
ations in the function and count o f  Langerhans cells
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provides a rational explanation for the changes in 
contact hypersensitivity.

Our study shows that changes in LC numbers and 
phenotypic expression may be present at an early 
stage in the natural history o f  the disease, when there 
is no clinical evidence o f metastases. The changes in 
LCs may reflect a systemic abnormality o f  antigen- 
presenting cells associated with abnormal monocyte 
function in breast cancer, resulting in an impaired 
response involving contact hypersensitivity. It 
would be o f  interest to see whether these changes 
can be found in women with pre-invasive or pre- 
clinical cancer, and whether they can be related to 
progression o f disease.
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