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regulated by IL-6 and our findings

suggest a potential local mechanism

for the up-regulation of hCAP18 at the

epithelial surfaces.

To assess the potential role of hCAP18

in tumour host defence, we have in-

vestigated its expression in human

breast cancer of varying types and ma-

lignancy. We found that hCAP18 was

strongly up-regulated in the tumour

cells compared to the low constitu-

tive expression found in normal be-

nign mammary epithelia. Furthermore

the highest levels of hCAP18 protein

were detected in the most malignant

tumours and immuno-blotting re-

vealed a presence of processed active

LL-37 only in these tumours. Thus our

results do not support a protective

role for hCAP18 in tumour host de-

fence, but rather suggest that hCAP18

may provide a survival advantage for

the tumour.

In summary our studies reveal a role

for the innate immunity effector

hCAP18 in epithelial defence.
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Vitamin A (retinol) and its derivatives

play an important role in the mainte-

nance of normal epithelial growth and

differentiation. Both natural and syn-

thetic retinoids are used in the treat-
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ment of a wide range of skin diseases

such as acne, psoriasis, photoaged

skin and ichthyosis. In addition,

retinoids have been used with success

in the prevention and treatment of

skin malignancies. The human epider-

mis contains a significant amount of

vitamin A, and several enzymes are

responsible for its metabolism toward

either storage or conversion to more

active metabolites. Retinol (ROH) can

be converted into retinoic acid (RA),

the biological most active metabolite.

Another major epidermal metabolite

is 3,4-didehydroretinol (ddROH),

which is formed from ROH in epider-

mis and in cultured keratinocytes and

melanocytes. The concentration of

ddROH in human epidermis and

keratinocytes in culture makes up

about 30% of the total retinoid con-

tent. ddROH can be metabolized into

the corresponding acid ddRA, but the

concentration is extremely low and its

formation difficult to study. No spe-

cific role for ddROH or ddRA has been

demonstrated in human epidermis.

Two protein families are important

for the retinoid metabolism of the

skin cells. First of these are the cellu-

lar retinol-binding protein (CRBP I)

and the cellular retinoic acid-binding

proteins (CRABP I and II) located in

the cytosol. These proteins protect,

transport or direct the substrates to

specific enzymes for further conver-

sion or metabolic inactivation. The

second protein family is the nuclear

retinoid receptor family, which medi-

ates the effects of retinoids. This

group of proteins consists of the

retinoic acid receptors (RARα, β, and

γ) and the retinoid X receptors (RXRα,

β, and γ). These receptors belong to

the steroid/thyroid hormone super-

family of ligand-modulated transcrip-

tional regulators. The RARs are acti-

vated by several isoforms of natural

RA, while RXRs are activated only by

9-cis RA. RARs and RXRs bind to DNA

as homodimers, but they function

optimally as RAR:RXR heterodimers.

These complexes bind to specific oli-

gonucleotide sequences designated as

RA response elements, located in the

promoter region of many genes in-

volved in the regulation of cell growth

and differentiation. In addition, retin-

oid receptors may suppress the ex-

pression of other genes by inhibiting

the action of other transcription fac-

tors, e.g. activator protein-1 (AP-1).

Because retinoid receptors and AP-1

proteins use the same limited

amounts of co-factors for transcrip-

tion, the two signalling pathways com-

pete with one another.

In this thesis we have investigated the

retinoid metabolism and the concen-

tration of retinoid-binding proteins

and retinoid receptors in human

keratinocytes and melanocytes in

vitro. The results were compared to

similar studies done in human malig-

nant epithelial cells (HeLa) and malig-

nant melanoma cells. Keratinocytes

and melanocytes contained high con-

centrations of ROH, ddROH, while

HeLa- and melanoma cells contained

lower levels. Keratinocytes contained

the highest level of the retinoid-bind-

ing proteins CRBP I and CRABP II com-

pared to melanocytes, HeLa and

melanoma cells. High CRABP II levels

showed a correlation with the ability

to accumulate ddROH. In melano-

cytes, CRABP I was highly expressed,

but in melanoma cells CRABP II domi-

nated. The difference between

melanocytes and melanoma cells in

receptor levels was most pronounced

for RARβ, which was highly expressed

in melanoma cells. Such dissimilari-

ties between benign and malignant

melanocytes might play a role in dif-

ferentiation and growth regulation.

To study the retinoid metabolism,

radioactive ROH was used. The con-

version of [3H]ROH to [3H]ddROH was

examined in various cell types.

Keratinocytes and HeLa cells have the

highest capacity to produce

[3H]ddROH, accounting for 10% and

30% of the cellular radioactivity after

24 hours. Melanocytes generated 4%

[3H]ddROH of the total cell-associated

tracer activity, and melanoma cells

only 1%. The uptake of [3H]ROH was

significantly higher in melanocytes

than in keratinocytes. Both keratino-

cytes and melanocytes converted

[3H]ROH to [3H]ddROH and [3H]RA.

Dietary β-carotene has been consid-

ered to play a critical role in the natu-

ral defence against cancer. For this

reason, we investigated β-carotene

uptake and metabolism in human

keratinocytes and melanocytes in

vitro. Both keratinocytes and melano-

cytes have the ability to accumulate

β-carotene. When cells were incubated

identically with β-carotene for five

days, the uptake was much higher in

melanocytes than in keratinocytes.

During β-carotene incubation, a sig-

nificant increase in cellular ROH was

found in both keratinocytes and

melanocytes compared to control

cells. To verify whether β-carotene

was converted to ROH, radioactive β-

carotene was used. We were able to
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demonstrate that [14C]β-carotene was

converted to [14C]ROH in both these

cell types. This suggests that the lo-

cal storage of β-carotene in the skin

might serve as an alternative supply

for vitamin A.

Over the last decades, the frequency

of skin cancer has been increasing

worldwide among the fair-skinned

population. The non-melanoma skin

cancers, such as basal cell carcinoma

(BCC) and squamous cell carcinoma

(SCC), are the most common. SCC is

thought to be the result of the total

cumulative exposure of ultraviolet

(UV) radiation, while intermittent sun

exposure may play a critical role for

BCC development. Sunburns at a

young age are considered to be asso-

ciated with malignant melanoma,

which is more frequent on body ar-

eas that are intermittently exposed to

the sun. Despite the compelling evi-

dence that UV irradiation causes skin

cancer, more knowledge is needed

concerning the mechanisms involved,

for instance how UV radiation affects

cellular signalling via retinoids and

other hormone-like natural com-

pounds. The influence of UV irradia-

tion on the cellular vitamin A metabo-

lism in general and on the RAR ex-

pression in particular was investi-

gated in cultured keratinocytes and

melanocytes. We found that a combi-

nation of a moderate dose of UVA and

UVB immediately decreased the level

of ROH by 50% in both keratinocytes

and melanocytes, compared to con-

trol cells. After 1–2 days the level re-

turned to starting levels. The concen-

tration of ddROH decreased by about

20% as a result of irradiation and was

normalized again within 1–2 days.

These results are in line with the UV

induced reduction seen in human epi-

dermis, but the regeneration seen in

vivo was more gradual. One obvious

way to normalize vitamin A levels af-

ter UV exposure might be to increase

the cellular uptake of ROH, while an

alternative mechanism would be to

suppress the metabolism from ROH

to more polar metabolites. To try to

establish the mechanism behind this

recovery of the retinoid levels, the

cells were exposed to radioactive

ROH. Our experiments hold no sup-

port for increased cellular uptake of

ROH after UV. Instead the metabolism

of ROH was decreased and the bio-

logically most active metabolite RA

was rescued. In fact our data showed

that the level of RA was increased by

160% both in keratinocytes and in

melanocytes compared to control

cells. Our findings emphasize the

importance of a well-controlled RA

production and degradation. A failure

to direct this process during and af-

ter UV exposure may promote car-

cinogenesis.

We have also examined the mRNA and

protein expression of RARα, RARβ,

RARγ and RXRα before and after ex-

posure of UVB or sham treatment.

Both the mRNA and protein levels

dropped dramatically the first 8 h af-

ter irradiation. In irradiated

melanocytes, the mRNA levels of the

four receptors were close to normal

after 16 h and the protein levels re-

turned to starting levels during the

following 2–3 days studied. In con-

trast, in keratinocytes only RARα

mRNA and protein levels returned to

starting levels, while the other

receptors examined were consistently

lower in irradiated cells compared to

sham treated cells. It is known that

UV exposure of the skin results in the

stimulation of growth factor and

cytokine receptors, which leads to the

activation of protein kinase signal

transduction cascades. This results in

an increased expression of c-Fos and

c-Jun, which bind to the AP-1 re-

sponse element, which in turn up-

regulates genes important for prolif-

eration. When AP-1 is in excess, retin-

oid receptor activity is repressed, con-

tributing to a perturbed vitamin A sig-

nalling. In our study the retinoid

receptor levels were decreased dur-

ing one to two days after UV irradia-

tion in melanocytes and depressed for

a longer time in keratinocytes. This,

together with decreased levels of ROH

and RA, would favour the AP-1 path-

way after UV irradiation.

It appears that the retinoid-signalling

pathway is more vulnerable to UVR

in keratinocytes than in melanocytes,

which have a greater ability to restore

their retinoid receptor levels after ir-

radiation. Likewise melanocytes have

a higher capacity than keratinocytes

for restoring the vitamin A and RA

levels after UV exposure and a higher

capacity than keratinocytes for accu-

mulating β-carotene, which might

serve as a quencher of free radicals

and excited oxygen molecules. The

high capacity for accumulating β-caro-

tene and preserved retinoid function

might have a pivotal function in the

melanocytic defence against harmful

effects of UVR.
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Cells in a tissue carry out genetically

based programmes for proliferation

and differentiation upon induction by

signals received from other cells or

tissues. Most of these environmental

signals are growth factors that are

polypeptides. Growth factors repre-

sent a network of intercellular signal-

ling molecules responsible for the

development of a tissue or an indi-

vidual and for the maintenance of in-

tegrity. The signals are received by

receptors, which trigger a cascade of

activities in the cytoplasm that will

modulate the activity of nuclear tran-

scription factors, thus regulating gene

expression.

Communication between cells in-

volves interactions of a signalling

molecule with a receptor at the sur-

face of the cell. Typically the receptor

is embedded in the membrane and it

is hypothesized that the binding of

the signalling molecule causes a

change in the state of aggregation of

the receptor which, in turn, initiates

a biochemical signal within the cell.

Growth factor receptors provide an

essential link between diffusible

growth factors and their intracellular
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