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SUMMARY.-Histochemical studies on the cell surface and intercellular matrix
of normal cervical epithelium, and squamous cell carcinomata have shown the
mucosubstances present may be symbolized by the descriptive formula:

C(G) mucosubstance; B 3-5; A 2*5 (06M MgCl2); T; S.
This indicates that sulphate groups are absent and that the intercellular matrix
and cell coat are rich in hyaluronic and sialic acids or closely related compounds.
These may be important in masking the antigenic expression ofthetumour cells.

We have not been able to detect any alteration in the mucosubstances at
7 days following radium treatment.

IT has recently been suggested that the mucosubstances located at the cell
surface may act in some way as a barrier to the detection of antigens by a host
(Kirby et al., 1964; Currie, 1967; Lindenmann and Klein, 1967 Sanford, 1967;
Bradbury et al., 1970); this may be termed the "antigen-masking" hypothesis.
Support for this hypothesis comes both from studies of normal tissues, such as
trophoblast (Kirby et al., 1964; Bradbury et at., 1965) as well as certain tumour cells,
e.g. ascitic tumours in mice(Currie and Bagshawe, 1968; Bagshawe, 1969). In the
case of trophoblast a highly sulphated mucoprotein has been demonstrated at the
cell surface (Bradbury et al., 1970) and it has been suggested that this substance
is responsible for the masking of the antigenic expression of the foetal tissues.
Defendi and Gasic (1963) showed that treatment of ascites tumour cells with
neuraminidase caused loss of the surface mucoprotein layer. More recent work
(Currie and Bagshawe, 1968) has demonstrated that this loss leads to the rejection
of tumour cells by an immunological process, suggesting that the " antigen-barrier"
substance removed by the action of the enzyme is related to sialic acid.

In view of the fact that trophoblast is not rejected by the uterine tissues,
possibly because of the presence of its surface coating of sulphated mucoprotein,
we thought it relevant to investigate the surface histochemistry of carcinoma of
the uterine cervix in order to see to what extent, if at all, a similar mechanism
might be invoked to explain the survival of the malignant cells in the body. At
the same time it was considered of interest to determine whether any changes
could be detected at the cell surface by histochemical techniques following
radiation treatment of the carcinoma.
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MATERIALS AND METHODS

We have studied biopsy material from 11 patients; it was obtained during the
course of the investigation and treatment of carcinoma of the cervix. Care was
taken to obtain a representative sample of viable tumour tissue in each case.
After removal the tissue was immediately cut into slices 1 mm. thick and placed
in cold (40 C.) 10% formaldehyde, made up in phosphate buffer at pH 7*3 (Brad-
bury and Stoward, 1967).
Histochemical processing
The specimens were maintained at 40 C. during their transfer to the laboratory,

where further dissection was carried out if necessary. They were then placed in
fresh cold fixative for a further 24 hours. A portion of each specimen was sub-
mitted for routine histological examination by a histopathologist.

Specimens were dehydrated by passage through a series of graded alcohols;
this was followed by embedding in paraffin and sectioning at 10 jtm. The
histochemical tests were performed according to the techniques listed in Spicer
et al. (1967), except where indicated to the contrary in Table I. At the same time
part of each specimen was set aside and processed for electron microscopical
examination. These results will be reported elsewhere in due course.
Control tissue

Cervical tissue for use as controls was obtained from patients undergoing
curettage. This tissue was processed in the same way as the tumour tissue.
Radiation treatrnent

All patients received irradiation from radium sources placed in the endo-
cervical canal and in the upper vagina. A total of 100 mg. of radium was used for
each patient and left in situ for 24 hours. The exact dose received by the tissue
could not be established with certainty because of the rapid change in dose close
to irradiation sources. A second biopsy was taken 7 days after the commence-
ment of the first radiation treatment and before the second radium insertion.

RESULTS
Of the specimens examined, one was an adenocarcinoma, one was normal

cervical tissue and the remainder were typical squamous cell carcinomata; a
typical example of one of the squamous cell carcinomata is shown in Fig. 1 and 2.
The histological report on this specimen stated " there are large lobulated stromal
projections covered by neoplastic squamous epithelium with invasive down-
wards projections. The degree of differentiation is a little variable from place to
place and there is a proportion of extremely large, although often rather degen-
erate-looking, nuclei."

The detailed histochemistry of the surface coat of the cells of this tumour was
similar to that of all the others which we examined. These results, together with
those from the controls, are presented in summary form as Table I. At the same
time some incidental observations are included on the reactions noted in the
cytoplasm of the neoplastic cells. Table I also shows that we were not able to
detect any histochemical differences between the cell surface and intercellular
matrix of the tumour cells before and after irradiation when radiation damage
was assessed at 7 days.
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The surface coat of the cells (the " glycocalyx "- Pease, 1966; Rambourg
et al., 1966) merges insensibly into the intercellular matrix. This latter is very
prominent in these tumours in which cell separation has beeni shown to be accen-
tuated (Nilsson, 1962; Bernhard, 1969; Hagenau, 1969). This intercellular matrix
is most clearly revealed by its strong reactivity to Hale's colloidal iron technique
(Fig. 3).

DISCUSSION

The histochemical results reported above suggest that the cell coat and inter-
cellular matrix of the cervical carcinoma cell is rich in hyaluronic acid and does
not contain any appreciable number of sulphate groups. The variable and
generally rather feeble reaction to the PAS technique suggests that these same
locations are low in their content of vic-glycols. Reduction and abolition of the
stainability of the intercellular matrix following an incubation in neuraminidase
indicates the presence of sialic acid.

Although at the present time histochemical techniques do not allow us to
identify individual components of the cell surface coat or intercellular matrix,
nevertheless it is valuable for comparative purposes to express the nature of the
mucosubstance by use of the descriptive nomenclature suggested by Spicer et al.
(1965) and developed by Stoward (1967). This nomenclature expresses sym-
bolically the staining properties of the substance with respect to its content of
sulphate, glycol and carboxyl groups. It also provides an estimate of the baso-
philia of the mucosubstance and gives the molarity of the magnesium chloride
required to inhibit uptake of neutral Alcian blue by the substance. In the case of
the mucosubstances of the cell coat and intercellular matrix of the cervical carci-
nomata, the formula may be written

C(G) mucosubstance; B 3-5; A 2-5 (0.6m MgCl2); T; S.
It should be noted that we were unable to detect any histochemical differences in
the composition of the cell coat or intercellular matrix of cells from normal cervix,
carcinomata of the cervix before treatment and carcinomata of the cervix taken
7 days after irradiation, nor were we able to differentiate between reactions due to
substances localized on the cell membrane or to those located in between the cells.

It is obvious from these studies that the histochemical composition of the cell
coat and intercellular matrix differs markedly from that of trophoblast. The
latter is characterized by the presence of a mucosubstance with a high degree of
sulphation (Bradbury et al., 1970) which is lacking in the carcinomatous cells.
The malignant cells, and the normal cells of the cervix, however, do possess
appreciable quantities of hyaluronic acid and sialic acid (or closely related com-
pounds) which possibly act in a similar manner to the highly sulphated cell coat
of the trophoblast. This protection of the malignant cells by a non-sulphated
acidic mucosubstance may be similar to the phenomenon described in ascites

EXPLANATION OF PLATE
FIG. 1. A low power micrograph of one of the squamous cell carcinomata examined in the present

study. H. and E. x 90
FIG. 2. Some of the carcinomatous cells from the same case illustrated in Fig. 1. Notice the

typical " intercellular bridges " and intercellular matrix, appearing light coloured in the
illustration. H. and E. x 900

FIG. 3. Carcinomatous cells from the same case as Fig. 1 and 2 stained with the Hale colloidal
iron technique. Notice the strong positive reaction in the intercellular matrix and at the
cell surfaces. x 900
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tumour cells by Currie and Bagshawe (1968) and in lung cancer by Korhonen and
Makela (1969). Several factors may be involved in the concealment of antigens
by mucosubstances (Apffel and Peters, 1970); among these are the binding of
water by the mucosubstances, the possession of a high degree of surface charge
which leads to coulombic repulsion so preventing surface contact of cells, a process
of macromolecular exclusion or some form of colloid protection mechanism. At
the present time it is not possible to differentiate between these factors in cervical
carcinoma cells.

The histochemical techniques we have employed to date have demonstrated
no change between the cells of normal tissue and the malignant cells, or between
the specimens of tumour taken before and after irradiation. It seems unlikely
that such techniques will resolve the problem of the non-rejection of tumour cells
by the body in the immediate future; efforts are, therefore, currently being
directed to an integrated histochemical, biochemical and electron microscopical
examination of cervical carcinomata in the hope that data relevant to this problem
are more likely to emerge from such a multi-disciplinary approach.

We are grateful to Miss Janice Foster and Miss Marianne Berg and Miss E.
Peakman for skilled technical assistance. Financial support for this study was
provided by a research grant from the Board of Governors of the United Oxford
Hospitals.
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