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Abstract Human skin tumours often regress spontane-
ously due to immune rejection. Murine skin tumours
model this behaviour; some regress and others progress
in syngeneic immunocompetent hosts. Previous studies
have shown that progressor but not regressor skin tu-
mours inhibit dendritic cell (DC) migration from the
tumour to draining lymph nodes, and transforming
growth factor-b1 (TGF-b1) has been identified as a
responsible factor. To determine whether increased
production of TGF-b1 in the absence of other differences
inhibits DC migration from the tumour and enables it to
evade immune destruction, a murine regressor squamous
cell carcinoma clone was transfected with the gene for
TGF-b1. This enhanced growth in vitro and in vivo,
causing it to become a progressor. TGF-b1 transfection
reduced the number of infiltrating DCs by about 25%.
Quantitation of CD11c+ E-cadherin+ (epidermally de-
rived) DCs in lymph nodes determined that TGF-b1

reduced the number of DCs that migrated from the tu-
mour to undetectable levels. This was supported by
showing that TGF-b1 reduced DC migration from cul-

tured tumour explants by greater than tenfold. TGF-b1

transfection also reduced the number of infiltrating CD4
and CD8 T cells. Thus, TGF-b1 production by skin tu-
mours is sufficient to immobilise DCs within the tumour,
preventing their migration to lymph nodes. This reduces
the number of T cells that infiltrate the tumour, pre-
venting regression. Thus, TGF-b1 is a key regulator of
whether skin tumours regress or progress.
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Abbreviations

DC Dendritic cell
LC Langerhans cell
TGF (A) and (B) Transforming growth

factor-b1 transfected clones
TGF-b1 Transforming growth factor-b1

UVR Ultraviolet radiation
UCo Untransfected clone
VCo Empty vector transfected clone

Introduction

Human skin tumours frequently undergo partial or
complete spontaneous regression, during which the tu-
mour is destroyed by the immune system so that it dis-
appears in the absence of therapeutic intervention. Th1-
like cell mediated immunity characterised by a T cell
infiltrate producing c-interferon and lymphotoxin ap-
pears to be responsible for spontaneous regression of
human skin tumours [1]. Ultraviolet radiation (UVR)-
induced murine skin tumour clones model this behav-
iour as they can be divided into regressors which are
destroyed by the immune system, and progressors which
evade immune destruction when transplanted into syn-
geneic immunocompetent mice. Spontaneous regression
of murine tumours also results from immune destruction
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[2]. It is, however, unclear how progressor tumours
evade the immune system.

Several tumour evasion mechanisms that prevent
activation of protective immunity, enabling tumours to
grow progressively in immunocompetent hosts have been
proposed [3]. By comparing spontaneously regressing
with progressing skin tumours, we recently showed that
progressor but not regressor skin tumours inhibit den-
dritic cell (DC) migration from the tumour to draining
lymph nodes [4]. Transforming growth factor-b1 (TGF-
b1) was identified as one factor produced by the progres-
sor tumours that immobilise DC within the tumours [5].

Dendritic cells are potent antigen presenting cells that
are important for the induction of immunity to tumours.
The number of tumour infiltrating DC can be of prog-
nostic value [6]. They take up antigen and migrate to
local lymph nodes where they present the antigen to T
cells, inducing immunity [7]. Studies in animal models
and humans have shown that DC are able to induce
immunity to skin cancers [2, 8, 9]. Tumours are immu-
nologically destroyed when DC take up antigen and
migrate to lymph nodes, but escape immune destruction
if DC are subverted so that they do not migrate to
draining lymph nodes, or macrophages become the
major cell that takes up antigen [10, 4]. Several studies
have shown that DC in tumour-bearing animals and
cancer patients are defective [11, 12].

TGF-b1 knockout mice lack Langerhans cells (LC),
which are epidermal DC [13], and in vitro development
of DC precursors into LC requires TGF-b1 [14]. As the
skin expresses high levels of TGF-b1 [15], epidermal
TGF-b1 is likely to have a profound influence on DC
and therefore skin immunity.

This suggests that skin tumours protect themselves
from immune destruction by producing TGF-b1 that
immobilises DC within the tumour, preventing their
migration to lymph nodes and therefore T cell activa-
tion. TGF-b1 inhibition of cytotoxic T cells is known to
be an important mechanism by which tumours evade
immune destruction [16]. However, it is not clear whe-
ther overexpression of TGF-b1 alone, in the absence of
other differences, is capable of immobilising DC within
the tumour, thus reducing T cell activation and inhib-
iting spontaneous regression. To directly study this, we
transfected a murine UV-induced regressor skin tumour
clone with the gene for TGF-b1 so that it produced
higher levels of this cytokine, and show here that this
converted the regressor into a progressor tumour and
substantially reduced DC migration from the tumour to
draining lymph nodes.

Materials and methods

Transfection, cell culture and TGF-b1 determination

The original cell line was a progressor squamous cell
carcinoma (SCC) called UV 13.1 (kind gift from Dr M.
Kripke, University of Texas). It was cultured from a skin

tumour which arose on a chronically UV irradiated
C3H/HeN mouse. Immediately prior to transfection, to
ensure the clonal nature of the cells studied, it was sub-
cloned and a regressor tumour cell clone was selected for
transfection. A simian TGF-b1 DNA construct mutated
to produce only bioactive and no latent forms of TGF-
b1 (kindly provided by Ignacio Anegon, Nantes, France)
[17] was cloned into the pIRES2-EGFP vector (Clon-
tech, Palo Alto, CA, USA) [18]. The SCC cell clone was
transfected with the TGF-b1-pIRES-EGFP or the vector
alone using lipofectamine (Gibco BRL, Grand Island,
NY, USA). Single cell clones were obtained using the
limited dilution method and expanded. Two TGF-b1

transfected clones, called TGF (A) and TGF (B), an
empty vector transfected clone (VCo), and the original
untransfected clone (UCo) were studied. These TGF-b1

transfected clones were used because they produced
different levels of TGF-b1 (see below) and therefore re-
sulted from transfection of different cells.

Cells were routinely cultured in Dulbecco’s modified
medium (DMEM) containing 10 mM HEPES (Gibco
BRL) and 10% foetal calf serum (FCS) (Gibco BRL
Life Technologies, Auckland, New Zealand) at 37�C in a
humidified atmosphere containing 5% CO2 in air and
trypsinised to detach from the flasks.

A volume of 5·106 cells/ml/well were cultured in 24-
well plates (1 ml per well) for 24 h in DMEM containing
10 mM HEPES and 5% mouse serum. Supernatant was
collected and treatedwith 1 MHCl for 1 hat 4�Cand then
neutralised with 1 M NaOH to activate any latent TGF-
b1. TGF-b1 was detected by ELISA with the OptEIA Set
human TGF-b1 kit (Pharmingen, San Diego, USA).

In vitro proliferation assay

Tumour cells (5·104 in 200 ll per well) were cultured at
37�C/5% CO2 in 96 well flat-bottomed plates with 1 lCi
[methyl 3H]-thymidine (Amersham Pharmacia, Amer-
sham, UK). rhTGF-b1 (R&D Systems, Minneapolis,
MN, USA) was included in some experiments. After 24 h
cells were harvested for liquid scintillation counting.

Animals

InbredC3H/HeNmicewere obtained from theUniversity
of Sydney (Camperdown, Australia) and female ARC(s)-
nude athymic mice from the Animal Resources Centre
(ARC, Perth, Australia). All mice were aged between
8 weeks and 12 weeks at the commencement of each
experiment. Standard rations and water were supplied ad
libitum. All experiments were conducted with approval
from theUniversity of Sydney Animal Ethics Committee.

In vivo growth of tumours

Tumour cell clones propagated in culture were resus-
pended at 2·106 viable cells/50 ll phosphate buffered
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saline (PBS) and injected s.c. into both flanks of female
mice. Tumour growth was monitored twice per week up
to day 35 in C3H/HeN mice and day 14 in athymic mice
by measuring two perpendicular diameters of each tu-
mour with vernier callipers (Mitutoyo, Tokyo, Japan).
The mean of the two measured diameters was used as
the tumour diameter. Tumours were excised from the
mice before they reached a diameter of 8 mm to avoid
ulceration. The TGF (B) cell clone was only followed up
to day 24 due to several large tumours that had to be
removed at that time point for ethical reasons. In one
experiment, mice were injected i.p. with 100 ll PBS
containing either 2.5 lg chicken anti-hTGF-b1 antibody
(type IgY, R&D Systems) or 2.5 lg chicken control IgY
(R&D Systems) immediately after tumour inoculation.

Histopathology and immunohistochemistry of tumour
tissue

Mice were sacrificed on day 11 after inoculation with
tumour cells. Tumours were removed, snap-frozen and
stored in liquid nitrogen until required. For im-
munohistochemistry 6 lm cryostat sections were dried
overnight at 4�C. For CD3, CD4, CD8 and CD205
staining they were fixed for 10 min with acetone at 4�C,
for CD11c staining they were fixed for 10 min with 0.2%
paraformaldehyde in PBS at room temperature. Sections
were blocked with 1% (w/v) bovine serum albumin
(BSA; Sigma) and 5% (v/v) goat serum (Gibco BRL) in
Tris buffered saline (pH 7.3) for 20 min prior to incu-
bation with the primary antibody for 1 h at room tem-
perature. Anti-CD3 (rat IgG2b, KT3), anti-CD4 (rat
IgG2b, GK1.5), anti-CD8a (rat IgG2b, YTS-169), anti-
CD11c (hamster IgG, N418) and anti-CD205 (rat IgG2a,
NLDC-145) monoclonal antibodies (all American Type
Culture Collection, Rockville, MD, USA) were used as
hybridoma culture supernatants. Rat IgG2b, rat IgG2a

and hamster IgG (Pharmingen) were used as isotype
controls. Subsequent incubation with biotinylated goat
anti-rat or hamster antibody (Caltag, Burlingame, CA,
USA) for 1 h at room temperature was followed by
streptavidine-alkaline phosphatase (Amersham, Buck-
inghamshire, UK) and new Fuchsin based substrate as
previously described [19]. The stained sections were
blinded and the number of stained cells in randomly
selected fields were counted by light microscopy until the
total area evaluated approximated 0.5–1 mm2.

For histopathological assessment, the tumours from
C3H/HeN mice were fixed in formalin and embedded in
paraffin. Sections were stained with hematoxylin and
eosin and examined in a blinded fashion by a histopa-
thologist specialising in skin tumours.

In vitro migration of DC from tumours

Tumours that had been grown in C3H/HeN mice for
11 days were removed and cultured to induce DC

migration from the tissue as previously described [20].
Each tumour was divided into two halves, one of which
was freshly snap-frozen. The other half was cultured for
24 h prior to snap freezing. Twenty-four hours were
found optimal to detect DC migration from these tu-
mours in preliminary experiments. Frozen sections were
stained and counted for DC as described above in a
blinded manner by a single investigator (FW). For each
tumour specimen, DC were counted in three replicate
sections until the total area counted was 0.5–1 mm2 so
that 100–300 DC were counted per specimen, in order to
obtain an accurate assessment of DC density. The dif-
ference in CD11c positive cells between fresh and cul-
tured tumour tissue was a measure of the number of DC
migrated out of the tumour explants [5].

In vivo migration of DC from tumours to lymph nodes

Tumour draining (inguinal) and non-draining cervical
lymph nodes were removed from C3H/HeN mice at day
11 of tumour growth and mechanically disrupted into
cell suspensions. Total cell counts were determined using
a hemocytometer, with dead cells being identified by
trypan blue (0.4%) dye exclusion. DC recently migrated
from the skin tumour and normal epidermis to the
lymph nodes were identified by double labelling for E-
cadherin and CD11c and flow cytometry as we have
described previously [21]. From each sample 50,000
events were routinely acquired and analysed using a
FACScalibur flow cytometer and CellQuest software
(Becton Dickinson, Franklin Lakes, NJ, USA) to
determine the percentage of CD11c+ E-cadherin+ cells.
Isotype controls were subtracted. The percentage of
CD11c+ E-cadherin+ cells was multiplied by the total
number of cells to determine the number of CD11c+ E-
cadherin+ cells in each lymph node.

Statistical analysis

Results are presented as means + SEM. For all exper-
iments statistical analysis was performed using Fisher’s
PLSD analysis of variance (ANOVA), except for in vivo
tumour growth that was analysed by repeated measures
ANOVA. The empty vector transfected cell clone (VCo)
was chosen as control for statistical comparison in all
experiments. P<0.05 was regarded as significant.

Results

Characterization of TGF-b1-transfected cell clones

The empty vector transfected control (VCo) secreted
11 pg/ml; the original untransfected control (UCo)
13 pg/ml; and the two TGF-b1 transfected clones, called
TGF (A) and TGF (B) secreted 114 and 64 pg/ml,
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respectively. Thus transfection increased TGF-b1 pro-
duction about 5 to 10-fold. The two TGF-b1 transfected
clones had fibroblastoid spindle cell morphology in
contrast to the empty vector transfected and untrans-
fected clones that had round epitheloid cell morphology
in culture. Thus TGF-b1 caused an epithelial mesen-
chymal transition. There was no obvious difference in
morphology of the clones producing different levels of
TGF-b1. There were no obvious histopathologic differ-
ences in tumour grade, mitotic rate, number of apoptotic
cells, necrosis and stromal reaction between the tumours
grown in immunocompetent mice. All tumours were
identified as SCC, grade 2.

TGF-b1 augments in vitro proliferation of the SCC
clone

TGF-b1 significantly enhanced [3H]-thymidine uptake of
the untransfected clone (Fig. 1a). Additionally, both
TGF-b1 transfected cell clones had significantly en-
hanced proliferation rates compared to the vector
transfected control (Fig. 1b) with TGF (A), which pro-
duced the highest amount of TGF-b1, having the highest
cell growth rate in vitro.

TGF-b1 enhances growth of tumours in athymic
and syngeneic mice

In athymic mice, all injected cell clones showed con-
tinuous and progressive growth without regression. The
TGF-b1 transfected clones had significantly enhanced
in vivo growth compared to the vector transfected
control (Fig. 2a). There was no statistical difference
between the untransfected and the vector transfected
controls. These experiments could not be continued
beyond day 14 as many tumours became so large that
the mice had to be euthenased for ethical reasons;
tumours continued to grow in those mice, which could
be kept beyond day 14.

Upon transplantation into syngeneic C3H/HeN mice,
tumours grew progressively up to day 10–14 followed by
a phase of partial or complete regression (Fig. 2b). As
regression was not observed in athymic mice, this was
likely due to the immune system becoming effectual at
about day 10–14. During the tumour progression phase
(days 0–14), the TGF-b1 expressing cell clones had in-
creased in vivo growth; however, only TGF (A) reached
statistical significance. In the tumour regression phase
(after day 14), TGF (A) overcame regression and again
grew progressively, leading to significantly enhanced
regrowth. TGF (B) behaved similarly with many tu-
mours growing so rapidly that the mice needed to be
culled at day 24 for ethical reasons. Therefore complete
data could not be obtained past day 24 resulting in no
significant effect up to this time point. Tumours on mice
that were not culled were 24% larger by the end of the
experiment on day 35 than they were on day 24.

To confirm that the change in growth of the trans-
fected cell clones resulted from increased TGF-b1 pro-
duction, antibody neutralisation studies were performed
in vivo (Fig. 3). Measurement of tumour diameters
showed significantly enhanced growth of TGF (A)
compared to the vector transfected cell clone in mice
receiving control IgY. This growth stimulation was sig-
nificantly abrogated by i.p. injection of anti-TGF-b1

antibody in the TGF (A) group. Anti-TGF-b1 antibody
did not significantly alter growth of the vector only
transfected control cell clone.

Fig. 1 TGF-b1 augments growth of the SCC clone. a Proliferation
of the untransfected control SCC clone was assessed after 24 h of
culture with different TGF-b1 concentrations by [3H]-thymidine
uptake. Results shown are representative of three experiments
(n=6 in each experiment). b In vitro proliferation of untransfected
(UCo), vector transfected (VCo) and the two TGF-b1 transfected
cell clones during 24 h culture assessed by [3H]-thymidine uptake.
Six independent experiments normalised to the VCo to enable them
to be pooled (n=6 in each experiment). Mean + SE shown.
Statistical analysis by ANOVA compared to the cell clone without
added TGF-b1, or to the VCo control
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TGF-b1 decreases the number of infiltrating CD3+,
CD4+ and CD8+ T cells in tumours growing in syn-
geneic mice

Tumours grown in C3H/HeN mice were removed on
day 11 after injection, which was at the peak of growth
and just prior to the commencement of regression. This
time was chosen to investigate the cellular events that
lead to regression, and avoided confounding events
associated with the mediation of regression at later time
points. TGF (A) and TGF (B) were both infiltrated with
significantly decreased numbers of CD3, CD4 and CD8
positive T cells (Fig. 4). The average numbers of cells in
frozen sections of vector transfected control tumours in
two independent experiments were 1,114 and 1,248 CD3

positive cells, 686 and 697 CD4 positive cells and 571
and 529 CD8 positive cells per mm2. There was no dif-
ference between the untransfected and vector transfected
controls.

TGF-b1 decreases the number of infiltrating CD11c+
and CD205+ DCs in tumours growing in syngeneic
mice

Both TGF-b1-transfected tumours were infiltrated with
significantly decreased DC identified with anti-CD11c or
CD205 (Fig. 5). There was no statistically significant
difference between the untransfected and vector-trans-
fected tumours for either DC marker. The number of
CD11b+ macrophages in the tumours was very low
(<10 cells/mm2, compared to 100–300 CD11c positive
cells/mm2). Thus, any low level CD11c expression on
macrophages did not substantially contribute to the
number of CD11c+ cells.

TGF-b1 inhibits migration of dendritic cells out
of the tumour

About 45% of DC were stimulated to migrate from the
vector-transfected and untransfected control tumours by
culture, with no significant differences between these
groups. TGF-b1 transfection significantly reduced
migration of CD11c+ DC from the tumours to 6.5%
and 6.0% (TGF (A) and (B), respectively) (Fig. 6). It is
unclear why the two TGF-b1 transfected tumours
inhibited DC migration to similar extents despite pro-
ducing different amounts of TGF-b1, but it is possible
that the maximum inhibitory concentration was being
produced by both tumours. Similar results were ob-
served when DC were identified by staining for CD205
(results not presented).

Fig. 2 TGF-b1 enhances growth of tumours in athymic and
syngeneic mice. Diameters of tumours growing in athymic mice
(a) and in C3H/HeN mice (b). UCo untransfected control, VCo
vector transfected control, TGF (A) and TGF (B) two clones
transfected with TGF-b1. Results are a pool of three independent
experiments; n=24 (UCo, TGF (A)) or 36 (VCo, TGF (B)) in
athymic mice and n=36 for all cell clones in syngeneic C3H/HeN
mice. Statistical analysis by repeated measures ANOVA compared
to VCo. For TGF (B) the tumours grew so rapidly from day 24 that
the mice needed to be culled for ethical reasons and hence there is
no data past this time point

Fig. 3 TGF-b1 neutralisation reverses the effect of TGF-b1
transfection on growth in syngeneic mice. Mice received i.p.
injections of neutralizing anti-TGF-b1 or control IgY antibody
immediately after transfer of vector control (VCo) or TGF (A)
tumours. Ten tumours per group. Diameter was assessed after
3 days of growth, mean + SEM shown. Statistical analysis by
ANOVA
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TGF-b1 reduces the number of tumour-derived dendritic
cells in draining but not non-draining lymph nodes

CD11+DC infiltrating these tumours were E-cadher-
in+, and therefore those recently migrated from the
SCC and surrounding epidermis to the lymph nodes
were detected by double labelling with CD11c and E-
cadherin and flow cytometry (Fig. 7). The number of
total cells in both draining and non-draining lymph
nodes was not altered by transfection with TGF-b1, nor
was the number of single positive CD11c+ cells. E-
cadherin+ CD11c+ cells only made up about 0.15% of
all CD11c+ DC indicating that only a small fraction of
the lymph node DC had recently arrived from the tu-
mour or epidermis.

Lymph nodes draining each of the two TGF-b1-
transfected tumour clones contained about 5,000 E-
cadherin+ CD11c+ cells, which was about half the
number found in lymph nodes draining vector-trans-
fected control tumours (Fig. 7). This was a statistically
significant difference. In contrast, TGF-b1 transfection

did not significantly alter the number of E-cadherin+

CD11c+ cells in non-draining lymph nodes. Thus, TGF-
b1 transfection of the SCC reduced the number of DC
that migrated from the tumour to draining lymph nodes.

Discussion

Increasing TGF-b1 production by gene insertion into a
regressor tumour converted it into a progressor tumour
that escaped immune destruction. The immunological
changes included reduced infiltration by CD4 and CD8
T cells as well as DC. Additionally, the TGF-b1 inhib-
ited those DC infiltrating the tumour from migrating out
of the tumour to draining lymph nodes. These are
characteristics of UV-induced progressor tumours [4]
and suggest that production of TGF-b1 by the tumour
cells is a key factor in enabling tumours to escape im-
mune-mediated regression.

TGF-b1 suppresses growth and differentiation of
normal keratinocytes [22, 23]; however, it stimulates the
growth of tumour cells [24], giving them a growth
advantage over non-transformed cells [25]. Consistent
with these previous studies, growth of the cutaneous SCC
used in these experiments was stimulated by TGF-b1.

Production of TGF-b1 caused a second peak in
growth of the tumours, overcoming regression in

Fig. 4 TGF-b1 decreases the number of infiltrating CD3+, CD4+
and CD8+ T cells in tumours growing in syngeneic mice. The
number of positive cells in frozen sections normalised to the vector
control (VCo; n=23) to enable two independent experiments to be

Fig. 5 TGF-b1 decreases the
number of infiltrating CD11c+
and CD205+ dendritic cells in
tumours growing in syngeneic
mice. The number of positive
cells in frozen sections
normalised to the vector control
(VCo; n=22) to enable two
independent experiments to be
pooled (means + SEM).
Remainder of legend as for
Fig. 4
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immunocompetent mice. This was probably due to
TGF-b1 produced by the tumours reducing both CD4
and CD8 T cell infiltration into the tumour. TGF-b1 is
commonly reported to inhibit T lymphocyte activation
[26]. In support of this, a previous study showed that
TGF-b1 transfection of a regressor tumour inhibited the
activation of cytotoxic T cells (CTL), and inhibited
regression in partially immunosuppressed mice [27].

E-cadherin anchors DC to keratinocytes in the epi-
dermis [28], where they are called LC. It is downregu-
lated when DC are activated, enabling them to migrate

out of the epidermis [29]. Only CD11c+ DC that have
migrated recently from the epidermis or epidermally
derived tumours to lymph nodes display E-cadherin, and
although downregulated, levels of E-cadherin are readily
detectable by flow cytometry [21, 30, 31]. Thus E-cadh-
erin+ DC in lymph nodes originate from the SCC and
surrounding epidermis. Only about 0.15% of total
lymph node DC retained sufficient levels of E-cadherin
to be detected in our study, suggesting that the DC de-
tected as E-cadherin+ reached the lymph node within a
relatively short time period before E-cadherin levels
decreased to become undetectable.

Non-tumour-draining lymph nodes in mice bearing
vector or TGF-b1 transfected tumours contained about
5,000 CD11c+ E-cadherin+ DC. These DC most likely
recently arrived from the epidermis. As there was no
detectable effect of TGF-b1 from transfected tumours on
DC in non-draining lymph nodes, the effect of TGF-b1

was limited to the tumour. Insufficient amounts of TGF-
b1 were produced by the tumours to have systemic ef-
fects on DC. In support of this we could not detect
elevated levels of TGF-b1 in the serum of mice bearing
these tumours (results not presented). Lymph nodes
draining the control tumours contained about twice as
many CD11c+ E-cadherin+ DC as non-draining lymph
nodes, suggesting that about 5,000 of these came from
the tumour, and about 5,000 from the epidermis. In
contrast, lymph nodes draining TGF-b1 tranfected tu-
mours contained about 5,000 CD11c+ E-cadherin+ DC
that could all be accounted for as DC from the epider-
mis. Therefore, it appears that TGF-b1 substantially
prevented DC migration from the tumour to draining
lymph nodes. If any DC migrated from the TGF-b1

transfected tumours to lymph nodes, they were too few
to be detectable.

Dendritic cell migration from explant cultures is a
well-characterised procedure for studying DC migration
from tissues [20]. Our studies here showed that TGF-b1

production by tumours reduced migration of DC from
cultured tumours by about tenfold, consistent with our

Fig. 7 TGF-b1 reduces the
number of tumour-derived
dendritic cells in draining but
not non-draining lymph nodes.
Tumour and epidermal-derived
dendritic cells were identified as
E-cadherin and CD11c double
positive cells by flow cytometry
in tumour draining inguinal and
non-tumour draining cervical
lymph nodes. Results from two
independent experiments
pooled. VCo (n=10), TGF (A)
(n=10) and TGF (B) (n=10).
The untransfected control is not
shown for clarity but was not
statistically different to the
VCo. Statistical analysis by
ANOVA compared to VCo

Fig. 6 TGF-b1 inhibits migration of dendritic cells out of the
tumour. CD11c+ cells in frozen sections were stained by
immunohistochemistry and counted per mm2 of tumour. For each
tumour the difference in CD11c+ cells in halves, which were
freshly frozen or cultured for 24 h was calculated as dendritic cells
which migrated from the tumour. To express DC migration
independently of the reduced absolute DC density in TGF-b1
transfected tumours (Fig. 5), the number of DC retained in each
cultured half was expressed as a percentage of DC in the respective
freshly frozen half. Mean + SEM of two independent experiments.
VCo (n=15), UCo (n=4), TGF (A) (n=5) and TGF (B) (n=16).
Statistical analysis by ANOVA compared to VCo
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experiments showing no detectable CD11c+ E-cadher-
in+ DC had migrated from the TGF-b1 producing tu-
mours to draining lymph nodes.

By transfecting the gene for TGF-b1 into a regressor
SCC, we have shown that production of this cytokine is
sufficient to convert it into a progressor in the absence of
other differences. TGF-b1 has a biphasic role in skin
carcinogenesis, reducing the formation of benign lesions,
but enhancing malignant conversion [32]. TGF-b1 may
have an important role late in tumourogenesis, after the
cells lose growth inhibition in response to this cytokine.
Its ability to suppress immunity to the developed tu-
mour may enable the tumour to escape immune
destruction. Our studies show that TGF-b1 immobilises
DC within the tumour, reducing their migration to
lymph nodes by over tenfold. This is likely to be one of
the mechanisms by which TGF-b1 inhibits the activation
of cell-mediated immunity, and therefore, prevents
spontaneous regression.
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