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Organ transplant recipients (OTR) have a greatly in-
creased risk (up to 100 times) of developing squamous cell
carcinomas (SCC) in the skin. This is attributed specifi-
cally to chronic immunosuppression, causing dysfunctio-
nal viral defence and tumour protection. To investigate the
possible link between increasing risk of SCCs and type of
inflammation in these tumour-prone patients, we analysed
the peritumoural infiltrates with regard to cell types and
densities. Seven SCCs from immunosuppressed OTR and
14 SCCs from immunocompetent patients were immun-
histochemically stained for CD3, CD4, CD8, CD56, CD20,
CD138, CD14, CD68, CD1a. Cell counts were performed
with the aid of computer-based image analysis of >100,000
cells. When comparing the percentage distributions, sig-
nificant differences were detected (outlined as median
values (min—-max)): T cells (CD3+): OTR 57% (35-78),
controls 68% (48-80), p=0.036; plasma cells (CD138+):
OTR 2% (0.7-7), controls 0.2% (0-1.2), p=0.001; mono-
cytes (CD14+): OTR 3.2% (1.1-5.6), controls 9.3% (2.2—
17.2), p=0.014. Surprisingly, no differences in cell den-
sities, i.e. cells/fmm? tumour section area, were detected
between the 2 groups. In conclusion, we found that the
peritumoural infiltrates in immunosuppressed compared
with immunocompetent patients differ in cellular compo-
sition, inferring a more tumour-submissive environment
in OTR. However, cellular densities were equal, sugges-
ting deviating cellular functionality in OTR. Key words:
non-melanoma skin cancer; cutaneous squamous cell car-
cinoma; organ transplant recipient; peritumoural inflam-
matory infiltrate; computer-based image analysis.
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Cutaneous squamous cell carcinoma (SCC) is one of
the most rapidly increasing cancers in the fair-skinned
population worldwide. Overall, one-third of all cancers
occur in the skin (1, 2). In Sweden the incidence of non-
melanoma skin cancer for 2008 shows an average annual
increase of 3.9% for men and 5.9% for women during the
latest 10-year period. The skin, excluding melanoma and
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basal cell carcinoma is the second most common cancer
site in males and the third most common in females (2).
In immunosuppressed, solid organ transplant recipients
(OTR), the risk of developing a cutaneous SCC 5 years
after transplantation is up to 100 times greater than in im-
munocompetent subjects in a Nordic population (3). These
SCCs account for approximately 50% of all cancers in
OTR patients (4). The OTR-associated SCCs, especially
those on chronically sun-exposed sites, are often multiple,
fast and deep growing, i.e. show a more aggressive beha-
viour, which is also revealed by an increased risk of local
recurrence and metastasis (5—8). They are potentially life-
threatening, which is emphasized by a 50-fold increased
mortality rate compared with the general population in
Sweden (6). The aetiology of post-transplant SCC is, apart
from sun exposure, multifactorial, but emphasis is placed
on the long-term immunosuppression to which these
patients are subjected. Immune-modulating drugs, which
are necessary to control transplant failure due to rejection,
also negatively regulate the immune responses that are
indispensable for viral defence and anti-tumour surveil-
lance. The prolonged use of these drugs probably explains
the increasing incidence of SCC in OTR over time (4, 9).
A tumour-promoting potential of the drugs themselves,
independent of their immunosuppressive effects, has been
described for agents such as azathioprine, cyclosporine
and even for corticosteroids (9—11). In addition, all im-
munosuppressive drugs currently used result in a more or
less pronounced depression or altered function of different
immune cells. Whether or not this is important for tumour
development in OTR is uncertain, but T cell function ap-
pears to be critical to the immunological control of SCCs.
The contribution of inflammation to tumour development
and progression is gaining increasing acceptance (12).
Sites of chronic irritation and inflammation are being
considered as tumour-promoting environments. Similar to
that of a non-healing wound, the inflammatory reaction is
also long-lived around an invasive cancer. The persistent
recruitment of different cell types into the tumour stroma
generates oxidative stress, thereby promoting protein and
DNA damage, but also contributing to tissue remodelling
and angiogenesis (13, 14). In tumours the balance between
desirable anti-tumour immune responses and undesirable
pro-tumour inflammatory responses is generally polarized
towards a so-called response type Th2 (15). This means
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that the immune cell composition around tumours exhibits
increased levels of mainly CD4 regulatory T cells, CD4
(Th2) T cells, macrophages (tumour-associated macro-
phages (TAMYS), also referred to as type 2 macrophages),
B cells and possibly also mast cells, and shows reduced
levels of mainly CD8 T cells, CD4 (Th1) T cells and type 1
macrophages. In cutaneous SCC successful topical therapy
with imiquimod is believed to be due to a shift in immu-
nity from a tumour-promoting Th2 environment towards
a tumour-rejecting Th1 response (16). However, Clark et
al. (17) found very few Th2-biased T cells in untreated
SCCs. Their results suggest instead faulty T-cell homing,
due to down-regulation of vascular E-selectin, and the
recruitment of regulatory T cells as the main reason for
non-effective anti-tumour immune response of the host.

The mechanism by which inflammation promotes skin
carcinogenesis is highly complicated and not fully un-
derstood. Even less is known about its role in cutaneous
SCC development in immunosuppressed OTR, which
we believe to be a suitable model system for the study of
the effects of an inhibited and limited immune response
on tumour development. These considerations have led
us to systematically investigate the quantity and nature
of the cells in the inflammatory microenvironment at
the invasive margins of SCCs from immunocompetent
patients as well as from immunosuppressed OTR,
in order to study possible differences between these
groups. This was done by processing archived SCC
tissue blocks, formalin-fixed and paraffin-embedded
(FFPE), by using a broad panel of well-established
immunohistochemical markers and methods and with
the aid of computer-based image analysis.

MATERIALS AND METHODS

Patients

Seven SCCs from OTR, all renal transplants, with a history of at
least 5 cutaneous SCCs, had been collected for a previous study
(6). All tumours date from the period 1993 to 1997 and were
collected from 7 different pathology laboratories in Sweden.
Information about the type of immunosuppressive drugs taken
by the OTR was lacking, but since the analysed tumours were
all excised during the period 1993 to 1997, we can confidently
assume that azathioprine, cyclosporin A and corticosteroids
were the main drugs used in all OTR patients.

Fourteen cutaneous SCCs from immunocompetent patients,
with no other cancers up to 2006 according to a search in the
Swedish Cancer Registry, were used as control tumours. All
control tumours date from between 2003 and 2006 and were
collected from one pathology laboratory in Sweden, Karolinska
University Laboratory, Department of Pathology and Cytology,
Huddinge. The distinction between in situ and invasive forms
of SCC was made according to the recent World Health Organi-
zation (WHO) skin tumour classification (18). When choosing
suitable tumour specimens two criteria were applied: firstly,
complete excision with a margin of normal skin and, secondly,
no signs of ulceration as evaluated in haematoxylin and eosin
stained sections. The characteristics of OTR and controls, in-
cluding details of tumour type and site are shown in Table I.

This study was approved by the regional board of the ethics
committee at Karolinska Institute, Stockholm, Sweden.

Immunohistochemistry

Antibodies. All antibodies were monoclonal mouse antibo-
dies; the antibody, its code, dilution used, manufacturer’s
name, city and country: CDla, NCL-L-CD1a-235, 1:3;
CD3, clone LN10, NCL-L-CD3-565, 1:100; CD4, NCL-L-
CD4-368, 1:100; CD8, NCL-CD8-4B11, 1:50; CD14, NCL-
CD14-223, 1:50; CD56 (NCAM), NCL-L-CD56-1B6, 1:50
(all from Novocastra, Newcastle Upon Tyne, UK); CD20,

Table 1. Characteristics of patients and squamous cell carcinomas (SCC)

Time since

Tumour section Analysed SCCs rank number/

Patient no./sex Age (years) transplantation (years) ~ Analysed SCC*  area (mm?) Tumour site patient’s total number of SCCs
Immunosuppressed organ transplant recipients

/M 54 17 In situ 0.95 Elbow 9/9
2/M 53 15 In situ 6 Clavicle 15/18
3M 60 14 High 13 Upper arm 2/6
4/M 51 20 High 17 Breast 13/14
5/M 48 5 High 2.3 Clavicle 4/7
6/F 49 14 Moderate 6.5 Head 4/22
7/F 50 19 Low 10.9 Breast 8/12
Immunocompetent controls

/M 76 - In situ 4.8 Elbow 1
2/F 77 - In situ 1.5 Sternum 1
3/F 51 - In situ 0.85 Lower arm 1
4/M 56 - In situ 7.6 Finger 1
SM 72 - High 39 Shoulder 1
6/M 65 - High 65 Shoulder 1
7/E 86 - High 17 Dorsum hand 1
8/F 76 - High 12.6 Face 1
9/F 91 - High 7.7 Face 1
10/M 75 - High 57 Dorsum hand 1
11/M 57 - High 15 Torso 1
12/M 51 - Moderate 6.5 Upper leg 1
13/ M 80 - Moderate 42 Breast 1
14/M 72 - Moderate 15 Face 1

‘Invasive SCC with grade of differentiation or in situ SCC.
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anti-human CD20cy, clone L26, code M0755, 1:600; CD68S,
clone PG-M1, code M0876, 1:300 (all from Dako, Glostrup,
Denmark); CD138, PN IM2757, clone B-B4, 1:200 (from
Immunotech, Marseille, France)

Tissue sections. Paraffin-embedded complete excision SCC spe-
cimens were sectioned at 4 pum thickness, mounted on Superfrost
plus glass slides and dried overnight at 37°C, deparaffinized and
rehydrated. Endogenous peroxidase activity was blocked with
Dako REAL Peroxidase-Blocking Solution (code S2023, Dako).
Slides were pre-treated overnight in citrate buffer pH 7.2 at 60°C
(CDla, CD56), with cooking (microwave) in citrate buffer at
pH 6.0 for 3 min, then for 15 min on “defrost” and subsequent
cooling for 20 min (CD3, CD8, CD20, CD138), with overnight
storage in EDTA-buffer pH 8.0 (ES134 Sigma-Aldrich, USA)
and 1.0 M NaOH at 60°C (CD14). To visualize CD4 and CD68
retrieval solution pH 9.0 (Dako, Glostrup, Denmark) was used.
For staining the “labelled streptavidin-biotin” method (LSAB)
was used together with appropriate biotinylated secondary
antibodies on an automatic immunostaining instrument, Dako
REAL detection system, peroxidase/diaminobenzidine (DAB+)
Tech Mate 500+ (Dako, Glostrup, Denmark). Finally, reactions
were visualized by DAB+ chromogen (all steps with Dako
REAL) and counterstained with Mayer haematoxylin. Tissue
mast cells were stained with Astra Blue (Merck, Poole, UK)
(19). Since all staining methods are well established in routine
laboratory practice, a specific positive and negative control was
not run for these panels.

Morphometric methods

Scanning. Scanning of slides, whole slide imaging, was perfor-
med with a Mirax scan (Carl Zeiss Inc., Munchen, Germany)
(Operating manual: B 46-0064 e) standard configuration inclu-
ding a 20x%/0.75 objective, resolution 0.23 pm per pixel with a

Peritumoural infiltrate in cutaneous SCC 381

Sony DFW-X710 Fire Wire camera (Sony Inc., Tokyo, Japan).
Most scanning was done in automatic mode with a pre-set scan
setting of JPEG quality at 90% and automatic thresholding.
When the manual mode was used the threshold was adjusted
according to colour intensities.

Image viewing and analysis. Viewing and analysis of the di-
gital slides was performed on a 30" Cinema Display monitor
(Apple Inc., Cupertino, USA) with a resolution of 2560 x 1600
pixels. The initial digital slide file could be viewed with the
Mirax Viewer software (Carl Zeiss Inc., Munchen, Germany),
conversion to JPEG was performed using Mirax slide export
utility software (Carl Zeiss Inc., Munchen, Germany). This step
was necessary to import the pictures to Axio Vision digital image
analysis software version 4.6.3 interactive measurement module
(Carl Zeiss Inc., Munchen, Germany). The crucial features for
this project included area measurements in square micrometers,
circle measurements and marking of events. Specimens were
examined at a magnification of up to x1000, compared with
x400 magnification in a standard bright field microscope.

Inflammatory cell enumeration/statistical analysis

Data acquisition was performed as follows: (7) first, total tu-
mour area was measured on the individual CD3 slide of each
tumour, including mainly viable tumour epithelium, i.e. little
hyperkeratosis; (i7) in order to achieve an adequate representa-
tion of the peritumoural field, an area equal to 10% of the total
tumour area was selected; (iif) this counting area was further
divided into 4 equally sized circles, which were placed sym-
metrically along the infiltrating border of the tumours, one on
each lateral side and two along the deep, central margin, all
circles touching the tumour epithelium. Creases, splits or une-
ven parts were avoided. The aim was to place the 4 circles in
approximately the same positions throughout the individual cut

Fig. 1. (a) Photomicrograph of
squamous cell carcinoma (SCC) with
marked total tumour section area (red
line) and circles marking the selected
10% area in which inflammatory
cells were counted (organ transplant
recipient (OTR)/case 6, CD3 stain,
tumour section area 6.49 mm?, small
text). (b) Magnification of the second
circle from the top with CD3-stained
cells (stating circle diameter and
area). (c¢) Same circle as (b) with
marked positive cells.
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sections (Fig. 1); (iv) in each circle positive cells were counted
(for definitions of positive cells see below). The mean of this
count was used to calculate the percentages of the individual
cell types in each SCC, with the total cell count in each tumour
being 100%; (v) the cell density in each tumour was obtained
by dividing the total cell count by the tumour section area in
mm?; (vi) statistical analysis was carried out with the Mann-
Whitney U test, a non-parametric ranking test. The percentages
of the individual cell types, as well as the total cell densities in
each SCC were ranked, p-value <0.05. Descriptive statistics
describe the main features of each variable, stating its median
and range (min—max).

Counting of the cells was predominantly carried out by one
junior dermatopathologist and dermatologist (BK) with conti-
nuous supervision of a senior dermatopathologist (BLR) and in
independent agreement with a senior dermatologist (BL).

Definitions for positive cells

The staining pattern for each antibody was assessed carefully
and strict criteria for a “positive” cell were defined as including
a nucleus or a nuclear shadow. In T and B cells (CD3, CDS,
CD20) the staining pattern was intensely membranous, and the
cells were round. The CD4 antigen was difficult to assess, apart
from having been present in clusters, it not only stained helper
T cells but, to a lesser extent, also monocytes, macrophages and
dendritic cells. Thus we chose not to count, but to calculate, the
number of CD4 cells by subtracting the CD8 count from the
CD3 count. In natural killer cells (NK cells, CD56, neural cell
adhesion molecule (NCAM)), the staining pattern was mainly
membranous with some cytoplasmic staining, and the cells were
round. Plasma cells (CD138) had a characteristic silhouette, the
staining pattern was cytoplasmic, the cells were round to oval,
and the nucleus was partially surrounded by a pale zone. In
monocytes (CD14) the staining pattern was both membranous
and cytoplasmic; the cells varied in size and shape, some with
dendrites. In Langerhans’ cells (CD1a) the staining pattern was
membranous, cells varied in shape, some round, others irregular
with dendrites. In macrophages (CD68) the staining pattern was
intense in cytoplasmic granules and sparsely membranous, these
cells were irregularly shaped. Mast cells (Astra Blue) were large,
round to oval cells with abundant blue-turquoise cytoplasm and
a dark purple nucleus.

We had to accept some overlap in antigen detection between
some of the antibodies. For example, CD8, which marked the
cytotoxic/suppressor subset of T cells, can also be expressed
on a subtype of T cells (gamma delta) and on some NK cells.
CD14 antigen, a receptor for bacterial lipopolysaccharide (LPS),
expression was intense on cells of the myelomonocytic lineage
including monocytes, macrophages and Langerhans’ cells, while
lower intensity could be anticipated on neutrophilic granulo-
cytes and B cells. Cells with a marked staining pattern were
counted preferentially. CD20 antigen is expressed on pre-pre
B cells through to memory cells, but not on either pro-B cells
or plasma cells. CD68 antigen also stains some monocytes,
neutrophilic and basophilic granulocytes and some NK cells.

RESULTS

In 7 SCCs from immunosuppressed OTR the total
number of inflammatory cells counted was 15,818,
giving a median density of 328 cells/mm? tumour sec-
tion area (range 160—523 cells/mm?). In 14 SCCs from
immunocompetent control patients the total number of
inflammatory cells was 88,352, giving a median density
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of 323 cells/mm? tumour section area (range 121-814
cells/mm?). This difference was non-significant. No
significant differences were detected in overall cell
densities between the two groups when specifically
analysing the lateral and the deep tumour margins
(Figs 2a and b).

The distribution of different cell types within each
individual SCC is shown in 100% columns with abso-
lute cell counts in an adjacent table (Figs 3a and b; ¢
presents all SCCs taken together as a group). We found
significant differences in the cellular distributions of
4 cell types: CD3+ T cells were the dominant cells in
both groups, the median percentage in OTR was 57%
(range 35-78%) and in controls 68% (range 48—80%),
p=0.036. The median percentage of plasma cells
(CD138+) in OTR was 2% (range 0.7-7%) compared
with 0.2% (range 0—-1.2%) in controls, p=0.001. The
median percentage of monocytes (CD14+), in OTR was
3.2% (range 1.1-5.6%) compared with 9.3% (range
2.2-17.2%) in controls, p=0.014. When calculating
the percentage distributions separately for the cells at
the lateral and at the deep tumour margins, a significant
difference for B cells (CD20+), could be seen: their
median percentage at the lateral tumour margins was
12.2% (range 3—-38%) in OTR tumours compared with
4.1% (range 0-33%) in controls, p=0.036. Though,
there was no difference in the overall distribution of B
cells between the two groups. When comparing only
the invasive SCCs (5 in OTR and 10 in controls), the
difference in CD3+ T cells percentage distributions
became more significant (p=0.027).
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Fig. 2. Cell densities, cells/mm? tumour section area, within each individual
squamous cell carcinomas (SCC) at the lateral and the deep tumour
margins; (a) in 7 immunosuppressed organ transplant recipients, (b) in 14
immunocompetent controls.



Peritumoural infiltrate in cutaneous SCC 383

The median CD4+/CD8+ ratio for OTR was 6.5  DISCUSSION
(range 1.4-20) and for controls 5 (range 2—16); this
difference was non-significant. No further differences  This study found surprisingly variable cell counts regar-

were found for cell densities or for cellular distribu-  ding all inflammatory cell types, leading to a unique com-
tions. position of the peritumoural infiltrate in each individual
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o Mast cells 0.60% 0.50% because of median)
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tumour (Figs 2 and 3). A total of more than 100,000 cells
in 21 tumours were defined and no obvious differences
were found in cell densities (cells/mm? tumour section
area). Thus, impaired recruitment of inflammatory cells
to the target site does not appear to be an issue in OTR.
Based on estimations, dense inflammatory infiltrates
around SCCs in OTR equal to those adjacent to ordinary
SCCs have been reported (20). Overall lower estimated
cell densities in SCCs from OTR were observed by
others (8, 21, 22). It is possible that our method is more
precise, since actual counting was performed, but our
sample numbers are low.

The major prevailing cell groups were CD3+ T cells,
CD20+ B cells, CD14+ monocytes and CD68+ macro-
phages, with CD3+ T cells and the CD4+ subtype being
the dominating cell group, i.e. our findings confirm
earlier reports on the cellular composition of the pe-
ritumoural infiltrate in cutaneous SCCs in non-immu-
nosuppressed humans (8, 23, 24). We found significant
differences between OTR and controls in 3 out of 9 cell
types. CD3+ T cells were significantly lower in number
in OTR compared with controls, confirming the results of
arecent study (21). These findings could therefore reflect
the state of systemic immunosuppression at a peripheral
body site, in this case the skin, since it has been shown
that immunosuppressive drugs affect lymphocyte subsets
and function both in vivo and in vitro (25, 26).

When subdividing the CD3+ T-cell counts into CD4+
and CD8+ T cells, a much higher CD4+ count was
found, with equal CD4+/CD8+ ratios in the two groups.
In previous studies on peritumoural inflammation in
SCC from immunocompetent patients the CD4+/CD8+
ratio was variable, but somewhat lower (23, 27-31).

Cell counts of CD14+ monocytes were lower in OTR
tumours. Since monocytes mature into tissue macro-
phages, and overlapping of expression of the markers
used can be expected, this finding is difficult to interpret.
Added to this is the circumstance that no significant
differences between OTR and controls were found
when calculating the added percentage distributions of
monocytes and macrophages.

B cells were only increased in number at the lateral
tumour margins in OTR tumours; otherwise their total
numbers did not differ from controls. This observation
could reflect a more tumour submissive environment
at the lateral margins of the OTR tumours. Plasma cell
numbers were increased in OTR tumours, but since
plasma cell counts were low overall, the difference
cannot be interpreted with certainty.

Based on the above findings, our hypothesis for SCC
progression in OTR is that the inflammatory balance
is somewhat pushed towards a cellular composition
promoting tumour progression, that is, a Th2 similar
pattern. CD3+ T-cell counts are lower in SCCs in OTR,
with a reduced proportion of the tumour rejecting cy-
totoxic CD8+ T cells. We further speculate that if CD4
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regulatory T cells and CD4 T cells of Th2 type are in the
majority, they could also facilitate antibody production
by B cells and bias the immunity even more towards a
tumour-promoting response. In addition, macrophages,
being a heterogeneous population of cells, can also con-
tribute to tumour destruction or facilitate tumour growth
depending on their phenotype. Tumour destruction is
favoured by macrophages that act as antigen-presenting
cells and activate cytotoxic CD8 T cells. Since these T
cells are in the minority in SCCs in OTR we suggest
that the macrophages present are mainly of the tumour-
promoting phenotype (TAMS).

In our opinion, one of the strengths of this work
is the systematic computer supported counting and
measurement of the peritumoural cell infiltrates, which
demonstrates how modern software can make traditional
manual quantification analysis more transparent.

Another strength is the sharpened OTR cohort; with
all patients having had a history of large tumour burden.
This cohort, although small, should be highly represen-
tative, but the selection of in situ tumours and tumours
with different grades of differentiation could have made
possible differences more difficult to detect.

We are aware of the fact that two different age groups
were studied. For the OTR the mean age was 52 years,
and for controls 70 years. This difference mirrors the
factual ages of patients affected by SCCs in the two
groups in Sweden (2, 32).

The overall smaller tumour section area of SCCs in
the OTR group could imply that OTR tumours were
lesions of shorter duration, whereas the control tumours
were more chronic lesions. The difference in size should
be seen as a positive effect of frequent skin checks
combined with prompt excision in the clinics, as well
as increased self-awareness among the OTR patients.
On the other hand, the immunocompetent first-time skin
SCC patient had a longer latency period, probably due
to slower routines in the public healthcare system as
well as patient delay factors.

In conclusion, peritumoural infiltrates of SCC in
immunosuppressed compared with immunocompetent
patients differ in cellular composition but not in cellular
density. The differences in cell composition might have
consequences for tumour development in OTR. How-
ever, the equal recruitment of cells in immunosuppres-
sed and in immunocompetent patients might be strongly
affected by the possible deviating functionality of the
different cell types in the OTR, about which this study
gives no information. Whether the functional status of
these cells influences tumour development is uncertain
and warrants further research.
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