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ABSTRACT

When comparing two subsequent stages of melanocytic tumor progres
sion we identified calcyclin as a new potential progression marker, the
expression of which was correlated with metastatic behavior of various
human melanoma cell lines in nude mice. In this study, we describe a good
correlation between RNA and protein levels in the xenografts of these cell
lines and extended these experiments to a panel of 120 routinely processed
human melanocytic cutaneous lesions. Northern blot analysis demon
strated that calcyclin RNA expression was elevated in melanoma mÃ©tas
tases as compared to several types of nevocellular nevi. Calcyclin staining
using a specific polyclonal antiserum showed a more complex pattern. A
stronger staining in a higher percentage of positive cells was observed in
thick primary melanoma ( -1.5 mm) as compared to thin primary mela
noma (<1.5 mm). Calcyclin expression was also present in a higher per
centage of cells showing a stronger staining in melanomas with higher
Clark levels (II) corresponding to the vertical growth phase of primary
melanomas. Protein expression in nevocellular nevi was confined to the
dermal part and was highest in the lower parts of the dermis. Remarkably,
dysplastic nevi (atypical moles), potential precursors of melanoma, did not
show any expression at all, either in junctional or dermal parts. Confine
ment of the expression to the dermal part of nondysplastic nevi and
primary melanomas may reflect interactions with the microenvironment
of the reticular dermis that occurs with vertical growth.

INTRODUCTION

Calcyclin was originally isolated from G,-specific temperature-

sensitive mutants from baby Syrian hamster kidney cells (1) and was
identified by differential hybridization comparing quiescent and se
rum-stimulated fibroblasts as a cell cycle regulated gene (2). Its ex
pression was found to be highest at the Gj-phase of the cell cycle and
it could be induced by several growth factors including platelet-

derived growth factor and epidermal growth factor.
Calcyclin belongs to the so-called SlOO-family of small proteins

containing two EF hands that form the calcuim-binding structures. It

has been shown to bind both zinc and calcium (3), was detected in
some human breast cancer cell lines (4), and was found to be over-

expressed in human myeloid leukemias (2). The mouse homologue of
calcyclin, 5B10, was found to be elevated in ras-transformed meta

static NIH/3T3 cells (5).
When applying the differential hybridization technique comparing

two subsequent stages of melanocytic tumor progression to identify
new progression markers for human cutaneous melanoma we isolated
several clones, one of which appeared to be coding for calcyclin (6).
The stages compared were the radial growth phase including early
vertical growth of a primary melanoma and the more advanced ver
tical growth phase of the same melanoma. Calcyclin expression was
elevated in highly metastatic human melanoma cell lines as compared
to the lower metastatic ones. Since two other members of the S100
family, SlOOÃŸand pEL98/18A2/mtsl, were also described to be as
sociated with neoplastic progression or metastatic behavior (7-9) the

correlation of calcyclin expression with metastatic behavior is intrigu
ing and, therefore, we sought to determine the expression pattern of
calcyclin in human melanocytic tumor progression.

MATERIALS AND METHODS

Cell Lines and Xenografts. Human melanoma cell lines 1F6, 530, M14,
Mel57, BLM (10, 11), MV3 (12), and MV1 (13) were cultured as described
before (6). Approximately 2 X IO*1cells were inoculated s.c. into nude mice

(nulnu BALB/c; Laboratory Breeding and Research Center, Bomholtgaard, Ry,
Denmark) to produce xenograft tumors. Within this panel of cell lines BLM
and MV3 are the highly metastatic cell lines (i.e., spontaneous mÃ©tastases
occur in more than 50% of the tumor-bearing animals). Mel57 produced
mÃ©tastasesin about 15% of the tumor-bearing animals. The metastasis rate of

1F6, 530, M14, and MV1 was less than 10%.
Human Material. After excision, representative parts of melanoma mÃ©

tastases or slices of NN,3 DN or atypical moles, or CN, of which most of the

surrounding skin tissue had been cut off, were snap-frozen in liquid nitrogen,
and stored at -70Â°C. Remaining tissue was used for conventional histopathol-

ogy. The material that was used for RNA extractions for Northern blot analysis
consisted of pools of tissue from multiple specimen of various types of nevi
and skin. Normal skin was obtained from patients who had also developed
melanoma, and nevi were obtained from patients without any history of mela
noma, except for one person. Nine NN were pooled from 7 persons and
consisted of 5 nevi of the compound type and 4 of the dermal type. Nineteen
DN from 15 persons showed slight (14 cases) or moderate atypia (5 cases). CN
were all of the intradermal type and varied in size from relatively small
(diameter < 1 cm; 5 lesions) to rather large (8 x 3 x 0.4 cm; 1 lesion). Twelve

melanoma mÃ©tastaseswere processed individually.
For calcyclin-staining paraffin sections of NN, DN, MM, PM, CN or SN of

routinely processed material were used. Classifications were made based on
histopathological examination. Of 25 NN obtained from 23 persons, 5 were
junctional nevi and 6 were of the dermal type. The remaining 14 consisted of
compound nevi. Seven of 22 DN, obtained from 21 patients, showed severe
atypia, 10 of which were moderate and 5 of which were slight. Thin primary
melanomas (i.e., Breslow thickness was <1.5 mm) were diagnosed as super
ficial spreading melanoma of varying Breslow thickness (0.3-1.1 mm) and
Clark levels (I-IV). Three cases were diagnosed as lentigo malignant mela

noma. Thick PM (Breslow thickness of a 1.5 mm) had a Breslow thickness of
1.5-7.0 mm and Clark levels III-V; diagnoses were nodular melanoma (13

cases), superficial spreading melanoma (4 cases), or acrolentiginous melanoma
(2 cases). MÃ©tastasesfrom various sites were used (both locoregional and
distant mÃ©tastases).Thirteen CN varied in size from small (1 x 1 x 0.4 cm) to
relatively large (10 x 3 x 0.8 cm). Sixteen SN were stained.

RNA Isolation and Northern Blot Analysis. Total RNA was isolated as
described by Auffray and Rougeon (14). Ten p.g of RNA were blotted on
Hybond N-plus (Amersham, England) according to the procedure recom

mended by the manufacturer, after glyoxylation (15) and size fractionation on
1% agarose gels. To reconfirm equal loading, the blots were hybridized after
wards to ribosomal RNA probes.

Probes and Hybridization. Probes were radiolabeled using the multiprime
labeling method as described by Amersham. Hybridizations were performed
according to the method of Church and Gilbert ( 16) with the addition of 0.1 mg
of herring sperm DNA/ml of hybridization mixture.

Preparation of Polyclonal Antibody. A synthetic peptide TIGSKLQDAE-

IARL, situated in the region between the two EF hands corresponding to
position 42-55 of the calcyclin protein in a heterologous region of the members
of the SlOO-family (see Fig. 1) was covalently linked to bovine serum albumin

(17) and used to immunize rabbits. For immunization 3 mg were inoculated
intracutaneously together with Freund's Complete Adjuvant. Rabbits were

boostered after 4, 8, and 12 weeks by s.c. inoculation of 1.5 mg of calcyclin-
peptide and Freund's Incomplete Adjuvant.
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Fig. 1. Comparison of the predicted amino acid sequences of various members of the S100 family in the region between the two EF hands (parts of the EF hands are shown double
underlined): hCALC, mSBlO, and rPRA: human (2), mouse (5), and rat caicyclin (4); bSlOOa, bSlOOÃŸ:bovine a and ÃŸchains of S100 (32, 33); hSlOOÃŸ:human ÃŸchain of S100
(34); hMRPS (also identified as the cystic fibrosis antigen; Ref. 35) and hMRP14: human migration inhibitory factor-related proteins (36); bPll: bovine pll (37); ml8A2: mouse 18A2

(38). The synthetic peptidc is underlined.

Calcyclin Staining of Paraffin Sections. Four-fim sections were cut from
paraffin blocks and mounted on glycin or poly-L-lysin coated slides. Staining

was performed using the ABC kit (Vector, Burlingame, CA). The sections were
incubated with the primary polyclonal antibody in phosphate-buffered saline/
bovine serum albumin (1%) overnight at 4Â°Cusing a 1:750 dilution of the

ammonium sulfate precipitated fraction (35 /Â¿g/ml). Blocking experiments
were performed likewise with the addition of either unrelated peptides con
taining the ROD or LDV sequences or synthetic SlOOa or SlOOÃŸpeptides
situated in the same region as the caicyclin peptide (100 )xg/ml), calcyclin-

peptide at two concentrations (2 and 100 jug/ml) or purified caicyclin, gener
ously provided to us by Dr. J. Kuznicki (80 fig/ml), to the incubation mixture.

Scoring was performed semiquantitatively as negative, weak, moderate, or
strong. The estimated amount of positively staining cells/lesion was divided
into six classes: 1-5; 5-10; 10-25; 25-50; 50-75; and 75-100%.

RESULTS

Expression of Caicyclin mRNA and Protein in Xenografts. In a
previous study we found a correlation between caicyclin expression in
human melanoma cell lines and their metastatic potential. To deter
mine whether this correlation could be extended to the xenografts of
these cell lines we screened a Northern blot containing RNA isolated
from xenografts of low-metastasizing cell lines (1F6, 530, M14, and
Mel57) and two high-metastasizing cell lines (BLM and MV3) for

expression of caicyclin RNA (Fig. 2). As expected, expression was
highest in the BLM and MV3 xenografts (elevation of expression was
determined to be at least 10-15-fold). 530 and Mel57 also showed an
elevated expression (2- and 6-fold when compared to 1F6, M14, and
MV1). In paraffin-embedded tissue sections stained with a polyclonal
anti-calcyclin serum, a good correlation between RNA and protein

levels was found in all xenografts (results not shown).
Expression of Caicyclin mRNA in Patient Lesions. Hybridiza

tion of a Northern blot containing RNA from various human melano-

cytic lesions with caicyclin showed a clear elevation of expression in
10 of 12 melanoma mÃ©tastasesas compared to the different types of

1F6 530 M14 Mel57 BLM MV3 MV1 M(kb)

-2.3

-2.0

- 0.56

28S rRNA

Fig. 2. Northern blot analysis of 10 fig of total RNA isolated from human melanoma
xenografts, using caicyclin as a molecular probe. As a molecular weight marker. Ã€///Â«dill
was used (only the lower bands are shown). Bottom, a control hybridization (28S rRNA).
kh, kilobases.

nevi (Fig. 3). Elevation was estimated to be 2.5-9-fold as estimated by

densitometrical scanning when normalizing for 18 and 28S rRNA
values. CN showed a slight elevation (1, 5-2 X) as well as normal skin
tissue (2-fold) when compared to NN.

Caicyclin Staining of Human Melanocytic Lesions. In order to
evaluate the significance of caicyclin as a progression marker, a large
series of human melanocytic lesions was stained with a polyclonal
anti-calcyclin antibody. The synthetic peptide which was used to
immunize rabbits was chosen in such way that cross-reaction with
other members of the SlOO-family is highly improbable (see Fig. 1).

Within the sequence of the synthetic peptide the percentage of identity
between the members of the S100 family is 14% at maximum (2 of
14). We also performed blocking experiments in which calcyclin-

peptide or purified caicyclin was added to the incubation mixture. No
signal could be detected within this control as shown in Fig. 4. When
using unrelated peptides or SlOOa or ÃŸsynthetic peptides instead
caicyclin staining was not affected (results not shown).

The staining results of the melanocytic lesions are summarized in
Figs. 5 and 6. Since we observed a marked difference between junc-

tional and dermal parts of NN, CN, and thin PM, we estimated the
percentage of staining cells and the intensity of staining in these
compartments separately. No staining was observed in the junctional
region of DN and CN, and hardly any staining was detected in NN
(4%). However, in 11 of 37 cases of thin PM, staining in the junctional
part was observed (30%). Staining was either weak (1 case) or mod
erate (4 cases) in 1-5% of cells within a lesion, moderate (1 case) or
strong (1 case) in 10-25% of the cells, strong in 25-50% (2 cases) of
the cells, or strong in 50-75% of the melanocytic cells within a lesion

(2 cases). Eleven of 20 NN showed a moderate to strong staining in
the dermal part. Interestingly, the intensity of staining appeared to be
higher toward the lower dermal part. In none of 22 DN, caicyclin
protein could be detected.

When comparing caicyclin expression in the dermal parts of thin
and thick PM (see Fig. 6), a stronger staining is observed in thick PM
(63% of thick PM showed strong staining compared to 18% of thin
PM) and a significantly higher percentage (P = 0.04 using a non-
parametrical Mann-Whitley U test) of staining cells (see Fig. 5). Only

in 1 out of 19 cases of thick PM staining was absent, whereas 10 of
28 thin PM showed no expression in their dermal part.

When classifying all PMs according to Clark levels corresponding
to the invasive grade of melanoma, a significantly lower percentage of
staining cells was present in Clark II melanomas as compared to
melanomas with higher Clark levels [see Fig. 6; P = 0.001 for Clark
II versus higher levels (III-V), 0.007 for comparing Clark level II and

III, and 0.002 for comparing Clark level II and IV].
In 13 melanoma mÃ©tastasesvarious staining patterns were observed

varying from a weak staining in a small percentage of cells to a strong
staining in nearly all cells. Thirteen CN and 16 SN showed a moderate
to strong staining, which was present in a very high percentage of the
cells in the case of SN. SN were stained in a homogeneous manner.
Remarkably, in a number of CN and MM, nuclear staining was ob-
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Fig. 3. Northern blot analysis of calcyclin expres
sion in various types of nevi: NN, DN, CN, 12 MM,
and normal skin (SK). The pools of NN, DN, CN, and
skin are described in "Materials and Methods." Each

lane contains 10 fig of total RNA. Bottom, the control
hybridization, using a ribosomal probe, kb, kilobases.

CN MM1 MM2 MM3 MM4 MM5 MM6 HM7 MM8 HM9 HM10 MM11 MM12 M (kb)
- 2.3
- 2.0

- 1.4
- 1.1
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served besides the usual staining of the cytoplasm. Stained lesions
from each type are shown in Figs. 4 and 7.

Expression of Calcyclin in Nonmelanocytic Skin Tissue. Except
for melanocytic cells, specific staining was also observed in other
types of cells present in skin. A very high expression was detected in
the epithelium of the hair follicle. Sebaceous glands, sweat glands,
and fibroblasts also showed calcyclin staining; however, there were
variations in the degree of staining. In particular, dermal dendrocytes
present in stroma tissue between the melanocytic nests showed a very
strong staining. Nerve bundles invariably showed a strong staining.
Blood vessel endothelium was stained in most but not in all cases. The
specificity of these stainings was confirmed by blocking experiments
as already described above (results not shown).

DISCUSSION

In previous experiments we demonstrated that calcyclin mRNA
expression correlated with metastatic potential of human melanoma
cell lines (6). In the current study, we extended this finding to xeno-

graft material of these cell lines. Both at the RNA and the protein
level, calcyclin expression was highest in the high metastatic BLM
and MV3 xenografts. A good correlation between RNA and protein
levels could be established in all xenografts.

When extending these experiments to human melanocytic lesions,
we observed an elevated RNA expression in melanoma mÃ©tastasesas
compared to several types of nevi and skin. For a number of mela
noma mÃ©tastases,we examined calcyclin expression at both the RNA
and protein level. In most cases, elevated levels of RNA did not lead
to a much higher expression at the protein level. During neoplastic
progression, a loss of the link between RNA and protein obviously
occurred.

In terms of relevance for tumor progression, the transition of the
radial growth phase to the vertical growth phase is very important,

since invasion through the basal membrane and vertical growth en
ables a melanoma to become metastatic. This transition is thought to
occur between Clark level II and III. When examining calcyclin
protein levels in a series of routinely processed lesions, two important
observations can be made. A significant lower percentage of staining
cells was observed in Clark II melanomas upon comparison to mela
nomas with higher Clark levels, indicating that calcyclin expression in
the dermal part is elevated during progression into the vertical growth
phase which is also reflected by a stronger staining in a higher per
centage of cells in thick PMs as compared to thin PMs. Secondly, the
emergence of calcyclin expression in the junctional part of thin PMs
is also associated with the malignant stages. Remarkably, dysplastic
nevi did not show any expression at all. When focusing on the most
important steps in melanocytic tumor progression (the progression
from the precursor lesion into a PM in situ and the transition of radial
into vertical growth phase of a PM) calcyclin can be considered a
progression marker. Other progression markers also show expression
in NN and melanoma but have a lower expression in DN, e.g., the
a-chain of VLA-2 (18). The opposite has been described for histo-

compatability leukocyte class I antigens (19). Calcyclin expression in
NN was preferentially present in the lower dermal part which would
form a particular microenvironment; e.g., the reticular dermis is more
densely packed and contains more type I collagen and lesser amounts
of type III than the papillary dermis (20). This, among other compo
nents, might be of influence on the expression of calcyclin. Calcyclin
expression in the junctional part of PM might reflect an autonomous
change in the expression of the melanocytic cells themselves or an
induced change in the microenvironment.

In contrast to the absence of calcyclin protein in DN, tissue ho-

mogenates of DN did show mRNA expression. This apparent discrep
ancy can at least partly be explained by the presence of several
calcyclin-expressing structures, found within the dermis: hair fol

licles; sebaceous glands; sweat glands; nerve bundles; fibroblasts; and

: - '.';-,"â€¢-.'.::^':;^

v'''^%%Â£
fa' b

Fig. 4. Calcyclin staining of nevocellular nevus (a) and blocking (b) by the addition of calcyclin-peptide to the incubation mixture (100 (Â¿g/ml)(X 100; hemotoxylin counterstaining).
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Fig. 5. Distribution of calcyclin staining in NN, thin PM, and CN (dermal part), thick PM, MM, and SN. Lesions which contained more than 1% of positively staining cells were
scored as positive. The percentage was based on melanocytic cells only. One particular thin PM showed a weak to moderate staining in 25-50% of the cells, but within this lesion a
small region was observed (representing 5-10% of the cells) with a strong staining. This lesion was marked as a moderately staining lesion. Likewise, one particular congenital nevus
showed a weak staining in most cells (5()-75%); however, about 30% showed a strong staining. This lesion was also marked as a moderately staining lesion.

blood vessels. Calcyclin was postulated as a marker for epithelial cells
and fibroblasts (21). Here, we show that there is expression in other
cell types as well. A high RNA expression in mouse skin was also
described by Quo et al. (5), which might be due to the large number
of hair follicles. A high expression in hair follicles was also reported
by Wood et al. (22).

Calcyclin was described as a growth factor-inducible gene (2).

Recently, calcyclin expression was reported to be elevated during
corneal wound healing corresponding to a larger fraction of cells
entering the Gj phase (23), indicating calcyclin would be a growth-

related gene. However, calcyclin expression was also induced during
neuroblastoma cell differentiation (24). Another member of the S100
family, SlOOÃŸ,has also been implied in growth and differentiation

(25). Recently, SlOOÃŸwas reported to interact with the tumor-sup

pressor protein p53 in such a way that phosphorylation of p53 was
inhibited (26). Interactions have been described between SlOO-protein

and annexin II and p 11, the heavy and light chains of calpactin I (27,
28) which is a major substrate for PKC. A link of calcyclin with PK.C
was also described (29), in which PKC inhibitor staurosporin could
inhibit 4ÃŸ-phorbol-12-myristate-13-acetate-enhanced calcyclin ex

pression. Like S100, calcyclin was reported to interact with annexin II
(30) and CAP-50, another member of the annexin-family (31). There

fore, it becomes increasingly clear that calcyclin, like other members
of the SlOO-family, is involved in signal transduction. Since another

microenvironment would also provide other signals, this might be an
explanation for the differences in calcyclin expression between june-
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Fig. 6. Distribution of calcyclin staining in primary melanomas (Clark levels II, III, and IV). Since only two Clark V PMs were present in our panel, these were not included in this
figure. These lesions showed a strong staining in 75-100% of the cells (1 case) and a moderate to strong staining in 25-50% of the cells (1 case). Ten Clark II lesions, 21 Clark III

lesions, and 14 Clark IV lesions were scored.
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Fig. 7. Calcyclin staining in a number of melanocytic lesions, a, DN (X 300). Dark cells in the dermis represent melanophages. Dermal blood vessel endothelium is stained; b,

junctional part of a thin PM (superficial spreading melanoma) (X 500); c, thin PM, dermal part (X 250): d, thick PM (nodular melanoma) (X 250); e, MM (X 300); /, SN (X 375).
All lesions were hemotoxylin counterstained. No positively staining melanocytic cells could be detected in a or b.
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tional and papillary dermal parts of melanocytic lesions on one hand
and the reticular part on the other.
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