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Langerhans' cells and subtypes of human papillomavirus in
cervical intraepithelial neoplasia

Robert J S Hawthorn, John B Murdoch, Allan B MacLean, Rona M MacKie

Abstract
There is strong circumstantial evidence that human
papillomavirus is a cofactor in the development of
cervical neoplasia. Systemic immunosuppression
has also been implicated. A study was therefore
carried out examining the relation between subtypes
of human papillomavirus and local immuno-
competent cells in the cervix. Colposcopically
directed punch biopsy specimens were taken from
normal cervix and from histologically proved cervical
intraepithelial neoplasia for immunohistochemical
studies. Human papillomavirus genome probing was
performed on the abnormal specimens. A relation
was apparent between decreased Langerhans' cells
and moderate to high copy numbers of human
papillomavirus type 16. The reduction in Langer-
hans' cells was significant for human papillomavirus
type 18 even at low copy numbers. Conversely, the
absence of human papillomavirus was associated
with increased numbers of Langerhans' cells in
cervical intraepithelial neoplasia.
These findings suggest that the proposed onco-

genic potential ofhuman papillomavirus type 16 and
human papillomavirus type 18 in particular may be
mediated by a specific effect on the afferent limb of
the immune response.
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Introduction
In the past five years human papillomavirus infec-

tion has attracted attention because of the frequency
with which it is found in cervical smears and the
concern that its presence generates. Some authorities
have noted the consistent presence of human papil-
loma virus types 16 and 18 in both preinvasive and
invasive squamous cell cervical cancers and postulated
that this virus causes cervical neoplasia.'-4 A mech-
anism for such virus induced change is still speculative
but may be mediated by immune deficiency including
local reduction in the population of Langerhans' cells.'
We report the specific relation between reduction in
Langerhans' cells and particular subtypes of human
papillomavirus.

Lee and Eisinger suggested that cell mediated
immunity had the main role in limiting viral infection.6
Immunosuppression, both exogenous and endogenous,
has been associated with viral lesions, and furthermore
immunosuppressed women, such as those with renal
transplants, are known to be at high risk of neoplastic
changes in the squamous epithelium of the skin and
lower genital tract.7' The initial step in the generation
of T cell response to viral infection or tumour is the
presentation of antigen to the immune system. This
occurs in association with genetically restricted surface
antigens on antigen presenting cells to stimulate a T
cell response.'" The Langerhans cell is an archetypal
antigen presenting cell and appears to be ideally placed
for a role in immunosurveillance in squamous

epithelium.' The full development of such a cell
mediated response probably requires contribution
from the epithelial cells themselves. It is surface major
histocompatibility complex class I antigens on the
epithelial cells that are essential for recognition by
T cells in the efferent response.'2 13
To investigate the effects of specific subtypes of

human papillomavirus on the afferent immune surveil-
lance system we have examined the distribution of
Langerhans' cells in cervical intraepithelial neoplasia
with and without infection by human papillomavirus
types 16 and 18. We aimed at testing the hypothesis
that specific subtypes of human papillomavirus are
associated with impaired local immunocompetence
and establishing that this may be part of the
mechanism through which the oncogenic potential of
the virus is mediated.

Patients and methods
Twenty three patients attending a colposcopy clinic

because of abnormal cervical cytology were recruited
to the study. Approval had been given by the ethical
committee and informed consent was obtained from
the patients.

Paired biopsy specimens of normal ectocervix and
abnormal transformation zone were taken under colpo-
scopic control from each patient. Separate biopsy
forceps were used to avoid cross contamination.
Immunohistochemical studies were performed on both
specimens and human papillomavirus gene probing
on the abnormal specimens. A biopsy specimen taken
for routine diagnosis was available for comparison.

IMMUNOHISTOCHEMICAL STUDIES

Optimal freezing and orientation of specimens was
by the method of Fletcher et al."4 Both the normal and
abnormal specimens were processed simultaneously.
Every fifth section was stained with haematoxylin and
eosin to confirm the histological diagnosis. Immuno-
histochemical staining was performed within one
week of collection.

Langerhans' cells were identified by an indirect
immunoperoxidase method modified from that
reported by MacKie and Turbitt" using a mouse
monoclonal antibody to T6 (CD1) antigen (NA1/34;
SERA-LAB). Major histocompatibility complex
class I (W6/32; SERA-LAB) and class II (DA6/231;
MRC Edinburgh) antigen staining were also examined.
Sections were counterstained with blued haematoxylin,
dehydrated, and mounted in Histomount for
microscopy.
The distribution and morphological detail of the

Langerhans' cells were recorded for both the normal
and abnormal specimens in each case. Definite
Langerhans' cell bodies were counted per 100 basal
cells in each biopsy specimen with use of an Olympus
BHS 312 microscope at 250 times magnification.
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DNA-DNA HYBRIDISATION

Human papillomavirus type 16 DNA cloned into the
BamHl site of pBR322 and human papillomavirus
type 18 cloned into the ECORI site of pBR322 were
used in the DNA-DNA hybridisation studies. Human
papillomavirus DNA was released from the vectors by
the appropriate restriction endonuclease digestion and
purified twice by electroelution after agarose gel
electrophoresis.

Biopsy specimens stored at -20°C were chopped
finely with a sterile blade and the DNA extracted in
0 4% sodium dodecyl sulphate, 0 1M sodium chloride,
0-01M edetic acid (disodium salt), 0-05M trometamol
(TRIS) hydrochloric acid pH 8-0, and proteinase K
(Boehringer) 200 mg/l. The sample DNA was then
extracted with phenol and chloroform before ethanol
precipitation. Thereafter, the samples were treated
with ribonuclease A 100 mg/l. Sample DNA was
quantified against a known standard lambda DNA
(Gibco; Paisley, Scotland).
Three micrograms of each sample together with

appropriate human papillomavirus reconstructions
containing equivalent amounts of mammalian DNA
were transferred through a Minifold 11 slot blot
apparatus (Schleicher and Schuell) on to the reprob-
able nylon membrane Genescreen Plus (New England
Nuclear), which had been presoaked in OxOSCC
(1 x SCC is 015M sodium chloride and 0 015M sodium
citrate). The membrane was then treated with a

TABLE i-Details ofpatients and results

Human papillomavirus genome copies/cell* Langerhans' cells/100 basal cells
Case Age
No (years) Type 16 Type 18 Normal biopsy tissue Abnormal biopsy tissue

1 34 1 0 7 15
2 31 1 0 4 15
3 26 1 0 8 4
4 25 1 0 11 5
5 31 0 0 10 13
6 27 0 0 6 9
7 40 0 0 6 10
8 29 0 1 11 5
9 28 0 2 14 10
10 19 1 0 6 6
11 26 0 1 6 4
12 33 0 2t 12 7
13 29 0 2 12 6
14 23 0 1 14 11
15 36 0 1 7 5
16 34 0 0 11 21
17 24 0 1 8 5
18 27 2 0 7 5
19 33 0 0 1 1 14
20 32 2 0 5 4
21 30 0 0 9 8
22 35 1 0 9 12
23 37 2 0 10 6

*Human papillomavirus copies/cell: O= <10, 1= 10-50,2=51-100, 2t=> 100.

denaturing solution containing 0 4M sodium hydroxide
and 0-6M sodium chloride for 20 minutes and trans-
ferred to a neutralising solution containing 0 5M
trometamol pH 7 0 and IM sodium chloride for
20 minutes before drying at 37°C for 40 minutes.

Purified probes were radiolabelled with a-
phosphorus-32-deoxyadenosine triphosphate and
at-phosphorus-32-deoxythymidine triphosphate to a
specific activity in excess of 1 x 108 counts/min/4g
DNA. The membrane was prehybridised at 42°C in
50% formamide (Fluka), 10% dextran sulphate, 1%
sodium dodecyl sulphate, and IM sodium chloride for
30 minutes. The probes plus denatured salmon sperm
DNA (Sigma) 100 mg/l and 0 5 [tg cold denatured
pBR322 were treated with IM sodium hydroxide for 20
minutes at room temperature before neutralising with
1M hydrochloric acid. This solution was then added to
the prehybridisation mix and the samples hybridised at
42°C for 18 hours. Cold pBR322 was added to block
hybridisation of any residual radiolabelled pBR322 in
the purified probe to the sample DNA. Thereafter, the
membrane was washed in 2 x SCC and 0 1% sodium
dodecyl sulphate at 68°C (stringent conditions) and
autoradiographed with use of intensifying screens on
X-Omat film (Kodak).

Results
Table I shows the human papillomavirus copy

numbers per cell and numbers of Langerhans' cells
from the normal and abnormal biopsy specimens. The
level of genome expression was based on densitometry
compared with known copy number reconstructions.
Under 10 copies of human papillomavirus DNA per
cell was taken as a negative result.'6 Low, moderate,
and high levels of expression were taken to represent
10-50, 51-100, and over 100 copies per cell respectively.
Most human papillomavirus DNA positive lesions ( 1/
17) showed low levels of genome expression (table I).
Groups were defined according to the presence and

level ofhuman papillomavirus types 16 and 18 genome
copies per cell. Statistical analysis was performed on
the difference (normal-abnormal) and percentage
difference ((normal- abnormal/normal)x 100) in
Langerhans' cells in the paired biopsy specimens. The
median difference and percentage differences were
expressed with 95% confidence intervals. Non-
parametric testing was also performed by means of the
Wilcoxon matched pairs signed ranks test.
Human papillomavirus type 18 with over 10 copies

per cell was significantly associated with decreased
numbers of Langerhans' cells (tables II and III).
Table I suggests that human papillomavirus type 16 in

TABLE II-Human papillomavirus types 16 and 18, copy numberslcell, and cervical Langerhans' cells

95% Confidence interval
Copy No of Wilcoxon paired

Nos/cell cases Median signed ranks test % (Normal-abnormal/normal) No (normal-abnormal)

Human papillomavirus type 16 10-50 6 -02 p>005 -9-5 to 50-32-1 p>0O05 -194-6to52 3
3-0 p=0O031 2O0to6-0Human papillomavirus type 18 10-50 5 {333 P=0-031 214 tol54-6

TABLE III-Human papillomavirus types 16 and 18 positive and negative biopsy specimens in relation to cervical Langerhans' cells

95% Confidence interval
No of Wilcoxon paired
cases Median signed ranks test % (Normal-abnormnal/normal) No (normal-abnormal)

Human papillomavirus type 16 positive 9 { ° p>0.05 -123-2to41 6

Human papillomavirus type 18 positive 8 4 0 p_0=007 274481 25 to 55366 p=0007 27t4 0

No human papillomavirus 6 -300p=003 -780to--8--40-0 p=0O03 78-9 to -8-1
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higher copy numbers per cell (>50) may be producing
a similar effect (positive differences in all cases),
though the numbers of observations were too small for
valid analysis.
Any correlation between copies of human papillo-

mavirus type 18 genome per cell and reduction in
Langerhans' cells was difficult to evaluate because of
the small number of specimens with over 50 copies of
viral genome per cell.
A significant increase in Langerhans' cell numbers

was detected in specimens with no evidence of virus
when the normal internal control was compared with
the abnormal biopsy specimen (table III).
The age range was 19-37 in patients with human

papillomavirus type 16, 23-36 in those with human
papillomavirus type 18, and 27-40 in the absence of
viral genomes.
The morphology of Langerhans' cells was altered in

both the biopsy specimens showing combined lesions
and those containing pure cervical intraepithelial neo-
plasia. The main change occurred to the dendrites,
which became stunted. Cell bodies appeared unaltered
(figs one and two).

Discussion
DNA-DNA hybridisation is the most sensitive and

specific way of detecting human papillomavirus. We
have found that the correlation among histological
diagnosis, positive staining for papillomavirus antigen,
and DNA-DNA hybridisation to human papilloma-
virus subtypes is poor.'7 We have also shown that slot
blot analysis offers low specificity if human papilloma-
virus DNA is present at low copy number. 16 At higher
copy numbers (over 10 copies per cell), however, it is
both sensitive and specific. It is not possible with this
technique to differentiate between combined human
papillomavirus type 16 and type 18 infection.
A previous study on Langerhans' cells in cervical

intraepithelial neoplasia found an apparent decrease in
numbers in lesions with histological evidence ofhuman
papillomavirus infection.5 An increased density was
reported in cervical tissue with intraepithelial neo-
plasia only.'8-20 No other study has compared directly
Langerhans' cell numbers in normal ectocervical
epithelium with areas of intraepithelial neoplasia in the

.ra* W :F :. M. rr,W .- 7 sW- FWr - -Y0W

FIG 1-Langerhans' cells in normal cervical epithelium. Cell bodies
arrowed; dendrites shown best higher in the epithelium. (NA1134
(SERA-LAB) x 40 objective and interference phase contrast
enhancement)

FIG 2-Langerhans' cells in abnormal cervical epithelium. Cell body
with stunted dendrites arrowed. (NA1134 (SERA-LAB) x40
objective and interference phase contrast enhancement)

same cervix. This comparison appears to be important,
as the variation in the normal and abnormal cervix in
reported series is up to 100-fold.2' We22 and others have
recorded similar numbers of Langerhans' cells in
ectocervix and the transformation zone,2324 SO that
number of Langerhans' cells in the ectocervix appears
to represent a valid internal control.

Staining for surface T6 (CD 1) antigen on Langer-
hans' cells with use of NA 1/34 (human thymocyte
antigen) is one of the most sensitive methods of their
detection in squamous epithelium. Some workers52'
evidently favour S100 as a marker despite the fact that
it detects only 35% of Langerhans' cells.5 Tay et aP
suggest functional importance for S100 positive cells.
Nevertheless, the only recognised functional markers
are surface major histocompatibility class II antigens,
necessary for the antigen presentation to helper T cells.
Our results confirm observations of others that these
surface antigens are frequently expressed on the
dysplastic epithelial cells themselves. 18 25

Epithelial cells have recently been shown to be
capable of class II antigen synthesis in response to
production of y interferon.26 They may thus be acting
as antigen presenting cells in their own right, augment-
ing the immune response in addition to their role in
facilitating T cell maturity in the so called "cervical
associated lymphoid tissue" analogous to their role in
skin.27 Experimental evidence also points to the possi-
bility that class II antigens may be recognition sites for
the efferent T cell response.28 Hence surface antigen
changes on the epithelial cells may be strongly influenc-
ing the local detection of neoantigens. Our findings
also show that the more classical cytotoxic T cell
recognition sites (class I antigens) tend to be increased
in all types of cervical dysplasia. Loss of these antigens
has been implicated in some tumours associated with a
viral cause in animals.29 This would tend to imply that
if a defect in the local immune response has a contribu-
tory role in the generation and progression of cervical
intraepithelial neoplasia this defect is more likely to be
in the afferent limb of the response.
Our results show that Langerhans' cells are signifi-

cantly decreased in cervical neoplasia in the presence of
human papillomavirus type 18 even in low copy
number. In the presence ofhuman papillomavirus type
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16 they are reduced at higher copy numbers. This may
be because the Langerhans' cells are truly decreased or
possibly because the surface antigens are being altered
or blocked by the presence of human papillomavirus.
Other explanations include the possibility that Langer-
hans' cells are inhibited from passing into the epithe-
lium or are encouraged to migrate from the epithelium
more rapidly than normal.
The depletion of Langerhans' cells may be a func-

tion of both subtype of human papillomavirus and
copy number. The question whether there is a critical
threshold copy number cannot be answered by slot blot
hybridisation, as this method does not distinguish
between samples with low copy number (fewer than 10
copies per cell) and negative samples. It may be that a
progressive immunological failure on the afferent limb
of the T cell response results from increased presence
ofhuman papillomavirus. Alternatively local immuno-
deficiency may precede human papillomavirus infec-
tion, facilitating the infection and subsequent cell
transformation by viral gene products.30 No attempt
was made in this study to detect possible integration
of the viral genome.
Not all premalignant lesions progress to invasion

and the disparity in local response may be ofprognostic
importance, impaired cellular immunity resulting in
failure of the local immune response, tolerance to the
neoantigens, and subsequently carcinoma. Any
moderating effect of antigen presentation by epithelial
cells when Langerhans' cells are decreased is difficult
to evaluate but may be one explanation why only
a minority of these lesions progress to invasive
carcinoma.
The presence of preinvasive lesions which do not

manifest human papillomavirus genomes suggests that
human papillomavirus is not likely to be the sole agent
in cervical neoplasia and many cofactors are implicated.
They may not all include depletion of Langerhans'
cells, but preliminary results in high risk, immuno-
suppressed renal allograft recipients also show signifi-
cantly reduced Langerhans' cells in colposcopically
and histologically normal cervix and may be one
explanation why this group is at increased risk of
cervical neoplasia.7
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ONE HUNDRED YEARS AGO

The proposed reform of the burial laws in France not
having yet been carried into effect, cremation is still
illegal in that country. Under these circumstances,
bodies which it is desired to cremate have to be taken to
Italy for the purpose. The Italian Custom House appears
to have discovered in this necessity a source of revenue
which it was advisable to make the most of while it
lasted. The post-mortem adventures of a M. Morin, who
died recently in Paris, may be of interest to members of
the Cremation Society. He had left instructions in his
will that his body should be conveyed by two of his
friends to Milan, where it was to be cremated. This was
done on July 18th, the incineration being accomplished
in an hour and a half, and costing between fifteen and
sixteen shillings. The Italian Custom House, however,
levied £14 import duty on the body when it entered the
country, and the same amount as export duty on the
ashes as they were carried back to France. This (says the
Progres Medical) is their way of encouraging cremation!
(British MedicalJournal 1888;ii:503)

Correction

Highly sensitive screening tests for hepatitis B surface
antigen in transfusion centres of developing countries

An editorial error occurred in this paper by Dr Vaskar Saha and
others (30 July, p 334). In the first sentence of the fourth
paragraph of "Methods and results" the cost of detecting each
unit of infected blood for counterimmunoelectrophoresis was
incorrectly given as $6.25. The sentence should read, "Counter-
immuncelectrophoresis, reverse passive haemagglutination, and
ELISA cost US $0.50, $1.00, and $2.00 respectively per unit, so
that detecting each unit of infected blood would cost $62.50
($0.50÷.0-8%) for counterimmunoelectrophoresis, $45.50
($1.00-2 2%) with reverse passive haemagglutination, and
$28.60 ($2.00÷ 7%) with ELISA."
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