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Clonal analysis by the study of X chromosome inactvation in melanoma and
preneoplastic tissues of the skin

Abstrct

Recently,the gene for the androgen receptor has been shown to be a highly polymorphic locus
in which methylation of DNA correlates with inactivation of one or the other X homologue.
Analysis of clonality by X chromosome inactivation has proved useful in the study of
neoplastic and preneoplastic tissue. we performed clonal analysis on malignant melanomas and
preneoplastic lesions of females as well as keratoacanthoma, epithelioma, lymphomatoid
papullosis and dysplastic nevus. PCR amplification was performed to generate fragments
surrounding the highly polymorphic CAG trimetric repeat in exon I of the androgen receptor
gene, using DNA extracted from frozen tissues or paraffin-embedded archival sections as
templates. Of a total of 40 tumors analyzed, 34 cases showed heterozygosity(85%) and were
therefore informative for clonal analysis. Monoclonal composition of the tumors was suggested
in a total of 26 of 34 cases, including 13 melanomas, 7 keratoacanthomas,2 epithelioma, 4
lymphomatoid papullosis and none dysplastic nevus. However, polyclonal composition was
observed in two melanomas, in other containing mutation in p16 gene. Our studies demostrated
the utility of PCR amplification of highly polymorphic repetitive sequences for analysis of
patterns of X-chromosome inactivation. This approch is practial for the analysis of clonal cell
composition in a high proportion of bothformalin-fixed and frozen archval tissues.

Introduction

Analysis of clonality by X chromosome inactivation has proved useful in the study of
neoplastic and preneoplastic tissue(1,2) as well as in the study of female heterozygotes of
X-linked diseases, especially the immunodeficiency syndromes(3). Although analyses
ofchromosome deletions, gene rearrangements, or patterns of oncogene activation have been
widelyused, the most consistently hibrmative marker ofclonal composition of tissues is the
cellular pattern of x-chromosome inactivation.

During the process of embryogenesis in the female, either the maternally derived or paternally
derived X-chromosome in each cell is randomly and permanently inactivated(4,5). The choice
once made is stable through subsequent cell cycles(6). Thus,normal tissues in females are
composed of cellular mosaics differing in which of the two X chromosomes has been
inactivated. By contrast, in neoplasms of females, there is a uniformity in the pattern of X-
chromosome inactivation which indicates clonality of the cellular composition. (1)
Application of polymerase chain reaction(PCR) for analysis of clonality was first targeted to
protions of the PGK-1 gene(7). The increased sensitivity of the PCR-based approach made it
theoretically feasible for the first time to use DNAs derived from archival tissue collections.
RFLP analysis of PCR products has been used for the analysis of clonality in solid tumors
including breast lesions (8). This approach, however,is also severely limited by the relatively
low level of heterozygosity in the amplification target, permiting anadysis of clonality in only
~30% of cases.

Recently, a polymorphic short tandem repeat(STR) has been identified in the X-linked human
androgen receptor gene (HUMARA) (9). This sequence, consisting of the trinucleotide
[CAG]n, shows heterozygosity in ~90% of the general population(10). Using DNA from
hamster/human hybrid cell lines,as well as the DNA from human tissues, these workers were
able to show that methylation of Hha I sites within the HUMARA ampnfication target directly
correlates with X-chromosome inactivetion. Thus, based on the high levelof heterozygosity
and the presence of adjacent methylation sensitive restriction endonuclease sites, the HUMARA
STR is an appropriate target for the determination of X-chromosome inactivation.

In the current study, we use PCR amplification of the HUMARA STR for analysis of patterns
of X-chromosome inactivation in malignant melanomas and preneoplastic lesions of females as
well as keratoacanthoma, epithelioma, lymphomatoid papullosis and dysplastic nevus. The
method is informative in a high proportion of cases, permitting determination of clonality in
both fresh and archival tissue specimens.

Materials and methods
Tissues
A total of 40 tumors, including 15 malinant melanomas, 9 keratoacanthomas, 4 epithelioma, 7



lymphomatoid papullosis and 5 dysplastic nevus,were obtained from the Department of
Dermatology at the Shinshu University Hospital in Japan. No initial chemotherapy was
performed bebre tumor excision. Surgically removed tissues were sampled for
histopathological diagnosis, and the remaining tissue was frozen or paraffin embedded (10%
formalin fixed) for extraction of DNA. DNA was extracted from frozen samples following the
procedures previously described(10). Sections of paraffin-embedded tissues staines with
hematoxylin and eosin were examined under the microscope, and normal and neoplastic
regions were identified using standard morphological criteria. A single adjacent unstained
section 10 um thick was used for DNA extraction. DNA was extrcted from sections following
the procedures previously described(11).

PCR

One microgram of DNA extracted from frozen tissue was digested with 10 U of Hha
I(Toyobo,Japan) in 10 ul of digestion buffer recommended by the manuhcturer. After
incubation at 37C for 12 h, digestion was teruninated by incubating the digestion mixture at
95C 10min. From this mixture, 2 ul of DNA were used as a template for the PCR reaction.
DNAs extracted from selected areas of paraffin-embedded archival sections were also digested

with 5 U of Hha Iin 10 w1 of digestion buffer at 37C for 12h. After heat inactvation, the
DNAs were reextracted with phenol, precipitated with ethanol, and resuspended with PCR
reaction mixture.

Primers sequences were (5’ to 3’) TCCAGAATCTGTTCCAGAGC and

TGGGGAGAACCATCCTCACC. Two il of each DNA reaction mixture were added to a 50

w1 reaction containing 100 ng of each primer, standard PCR reaction buffer(Toyobo,Japan),
200um concentration of each dATP,dTTP,dGTP, and 20um dCTP. The tubes were heated to

80°C, then 0.1 w1 [ a-32P]dCTP(6000Ci/mmol) and 0.25 unit Taq polymerase were added.
Fortycycles of ampliufication were carried out using cycling paramenters of 95°C for 15s, 64

°C for 30s, and 72°C for 30s. Two to 5 u1 of each reaction were added toan equal volume of
formamide containing 0.1% bromophenol blue and 0.1% xylene cyanol, loaded ontoa 7.2 M
urea- 6.5% polyacrylamide gel, and electrophoresed at 60W for 3.5 h. Gels were dried and
autoradiographed for 12-48 h at room temperature using Fuji X-ray film. PCR amplification
was also performed from DNA extracted from white blood cells or from histologically normal
tissue from each case.

Results

PCR amplification was performed to generate fragments surrounding the highly polymorphic
CAG trimeric repeat in exon 1 of the androgen receptor gene, using DNA extracted from frozen
tissues or parafnn embedded archival sections as templates. PCR amplmcation was successful
from all the samples used. There was basically no difference in terms of the success rate
between frozen matehal and parafnn embedded matehal. PCR amplincation from undigested
DNA revealed that 34 of 40 cases(85%) were heterozygous in this locus and were, therefore,
informative for analysis of clonality(Table I). In 34 cases that showed heterozygosity, two
bands were identified conresponding to the amplification products of each X-chromosome.
For each case, the intensity of the signals for both alleles was almost identically to each other
and there was no difference between the PCR product from histologically normal tissue or
from WBCs and that from the tumor(Fig 1).

Genomic DNAs extracted from frozen samples or from paraffin-embedded archival sections
were next digested with methylation -sensitive restriction enzyme Hha I, before PCR
amplification. Predigestion of DNA wth Hha I permitted PCR amplmcation only from the
methylated(inactivated) allele. Hha I pretreatment of genomic DNA from normal tissue or
WBCs, ffolowed by PCR amplincation of AR, yielded two product bands, and the intensity of
the two bands was almost identical(Fig 1). By contrast, PCR amplmcation from Hha I
degested tumor DNA derived from 26 of 34 heterozygous cases after digestion with Hha I
generated either a singde product band or showed significant reduction in the intensity of one
of the two bands. There was, agian, no difference in terms of the success rate of PCR
amplfcation between frozen material and parafin-embedded material. These obsenvations
indicated that these 26 tumors are of clonal composition. By contrast, the intensity of the two



product bands were almost identical in two melanoma, in other we previously showed a CC--
TT mutation in exon 2(codons 57/58) of p16.

Discussion

The present study demonstrates the technical feasibility of clonality analysis by PCR
amplincation of short tandem repeats. The use of PCR based methods permitted the use of
both frozen and formalin-fixed tissues, making the approach practical for application in both
recent and archival tissue collections. Previous PCR-based methods have been directed to
aportion of the PGK-1 gene, showing heterozygousity in only 30% of cases(12,13),
precluding the widespread application of the method. However, analysis of repetitive sequence
polymorphisms, as described in the current articles, showed heterozygosity in>90% of cases.
Thus, PCR amplification of the AR target is a practical appproch for the analysis of clonality in
a high proportion of cases from women.

Of the 13 melanomas, 7 keratoacanthomas,2 epithelioma, 4 lymphomatoid papullosis in which
monoclonal expansion was suggested by the present study. But none of the dysplastic nevus
was suggested.Unique characteristics of nevus cells,such as growing, intradermal
dropping,might represent the retention of capability in oncogenic evolution, and should not be
regrarded as a manifestation of a neoplastic nature.

Polyclonal composition was observed in two melanoma, which evaluated in the present study
were also analyzed for the presence of p16 mutations. The other case, exhibied a CC--TT
tandem base mutation in p16 (S. Dohi et al, unpubulished data). Inactiation of the p16 gene
can occur by mutation at the majoority of codons in the highly conserved regions of the gene.
If the tumor consists of cells derived from more than one progenitor cell and if alteration of
these gene is essential for the tumorigenesis, each clone should have mutations in the pl6 gene
and/or other genes independently.

Insummry, PCR amplification of a highly polymorphic repective sequence of the X-linked
human androgen receptor gene can be used for the investigation of clonal composion in fresh
and archival formalin-fixed tissues. Common neoplastic and preneoplastic tissues of the
female skin, including malignant melanoma, keratoacanthoma, epithelioma and lymphomatoid
papullosis were shown to have a uniform pattern of X-chromosome inactivation, consistent
with their full malignant potential.
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Table 1. Analysis of clonality by polymerase chain reaction amplification of short tandem repeat

Histologic diagnosis total cases Heterozygous Monoclonal

malinant melanoma 15 15 13
Keratoacanthomas 9 7 7
Epithelioma 4 2 2
Lymphomatoid papullosis 7 5 4
Dysplastic nevus 5 5 0
Total 40 34 26

Fig 1. Demostration of clonal composition of a tumor using apolymerase chain reaction(PCR)-based
method. Genemic DNA derived from histologically normal tissue or while blood cells(N) or tumor(T)
was digested with methylation-sensitive restriction enzyme Hha I, and PCR amplification was
performed, targeting a highly polymorphic CAG repeat in exon 1 of the androgen receptor gene,
using [32p]end-labeled primer as one of the primers. PCR amplification was also performed on
undigested genemic DNA. PCR products were electrophoresed on a 7.2% denaturing polyacrylamide
gel. A-C: PCR product from Hha I digested template derived from the normal tissue(N-Hha I),as
well as that from undigested template derived from the normal tissue(T-Hha I),yielded two bands,
and the intensity of the two bands was almost identical. By contrast,PCR amplification from Hha I
digested tumor DNA(T-Hha I) generated either asingle fragment or two fragment with one signal
significantly reduced.(A:a case from melanoma; B:a case from keratoacanthoma; C:a case of
Lymphomatoid papullosis) By contrast,the intensity of the two bands was almost identical in the PCR
product from Hha I difested tumor DNA(T-Hha I) derived from one melanoma(D).
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A 81-year-old Japanese woman was referred to our clinic for evaluation of
the nodule of the face that had developed during preceding several years.
Physical examination disclosed 10 x 7 mm, elliptical, dark brown to black
nodule on her left nasojugal furrow. Histological examination revealed mul-
tiple, dilated, thin-walled blood vessels throughout the dermis. These blood
vessels were lined by a single layer of endothelial cells. The lumen contained
biood and eosinophilic serous materials. By immunchistochemical staining
these endothelial cells were positive for CD34, Facor Vlil-related antigen and
thrombomodulin, confirming that the nodule is vascular tumor.

This case implies that cutaneous hemangioma is one of the skin lesions to
be differentiated in the clinical diagnosis of pigmented BCC of the face.

2374 | Classical Kaposi's sarcoma: Low dose interferon affa
treatment

E. Tur, S. Brenner. Dept of Dermatology, Sourasky Medical Canter, Tel Aviv,
Isras/

Np definitive cure is known for Kaposi's sarcama. All treatments are paliiative
and héve only temporary efficacy. High dasas of interferon alfa are needed
for treating AIDS—elated Kaposi's sarcoma, whereas low doses are generally
ineffective. We have previously shown a beneficial effect of low-dose interferon
alfain the treatment of 4 patients with classical Kaposi's sarcoma. The present
report summarizes the results of low-dose interferon alfa treatment of 10
patients with classical Kaposi's sarcoma.

Ten patients, 56-96 y old were treated: 9 men, 1 woman, 3 of whom had an
associated malignancy. Subcutaneous injections of interferon aifa, 26 million
units, were given 3-6 times a week, for 4-12 months.

In @ out of the 10 patients, initial response was noted after 3—13 weeks of
treatment. This was manifested by a reduction of lesion size and fading of
color, leading to a partial resolution, Remission was achieved after 4-6 months,
for a duration of 8-45 months. Recumrences were retreated, with additional
rerissions after only 5-8 weeks. Side eftects included fever and fatigue, which
were overcome by dose reduction.

There are responders and non-responders. Within 3 months of treatment a
response should be noted when such a response is about to occur. The extent
of the disease is not a predictive factor, as our 3 patients with widespread
lesions and an associated malignancy had a favorable response. There were
no indications for age, gender, duration of the disease or previous treatments
giving a clue. Whereas in AlIDS-related Kaposi's sarcoma patients become
refractory to {FN, this was not observed in our patients with classical Ka-
posi's sarcoma. Moreover, uniike AIDS-related Kaposi's sarcoma, continuous
treatment was not needed in classical Kaposi's sarcoma.

| 2375 | Prevalence of actinic keratosis in Japan

K. Naruse, M. Ueda, T. Nagano, T. Suzuki, S. Harada, K. {maizumi,
S. Watanabe, M. ichihashi. Kobe University School of Medicine, Kobe, Japan

Most of the epidemiological studies on skin cancer that have been conducted to
date have addressed the incidence in light-skinned Caucasians. To determine
the prevalence rate of skin cancer and actinic keratosis (AK) on sun-exposed
body sites of Japanese in Japan, we examined the skin of 4736 people
during health examinations. The study was undertaken in Kasai City, Japan,
which had a population of 52837 in 1992, where participants in a regional
health examination were seen by dermatologists. The final diagnosis was
made histopathologically. Participants were also interviewed by means of a
questionnaire. A total of 36 cases of AK and two of basal cell carcinoma were
identified, to give a prevalence of 413.4 per 100,000 for AK. The prevaience
among outdoor workers was significantly higher than that of indoor workers.
Furthermore, when the participants were classified into three Japanese skin
types, the prevalence of AK among pecple of skin type |, who are sensitive to
UV irvadiation, was significantly higher than that among people of skin type [
and ll, who are less sensitive.

2376 | Invasive and in situ squamous cell carcinomas
probably caused by chronic heat exposure

H. Uhara, Y.-L. Wang, H. Kubo, T. Saida. Shinshu University School of
Mediicine, Matsumoto City, Nagano, Japan

We report five cases of squamous cell carcinoma (SCC) and/or SCC in
situ developed on the shins that had been chronically exposed to heat
of “KOTATSU", a traditional type leg-warmer generally used in Japan. The
patients, 4 females and one male, were eiderly Japanese, ranged from 75
to 85 years in age. All the patients had multiple brownish hyperkeratotic
lesions, 1 to 20 mm in size. Erosive or crusted nodules were also observed
in some cases. Reticular erythematous pigmented lesions of erythema ab
igne were detected in 2 of the 5 cases. Histopathologically, keratinocytes in

the lower epidermis showed various degrees of nuclear atypia, suggesting the
diagnosis of thermal keratosis or SCC in situ. Frank dermal invasion by atypical
keratinocytes was observed in 4 cases. Elastica-van-Gieson stain revealed
thickened collagen bundles and diminished elastic fibers in the upper and
middle dermis. By contrast, markedly increased elastic fibers were detected
in the lower dermis. These changes ware compatible to those recognized in
damaged skin by chronic irradiation of infrared rays.

In conclusions, chronic exposure of the shins to heat of the traditional leg-
warmer used in Japan shouid be added to the list of causes of cutaneous SCC.

2377 | simuitaneous chemotherapy and radiotherapy for

cerebral metastases from malignant melanoma

J. Ulrich !, C. Rosin', G. Gademann 2, K.-H. Kihne ', H. Golinick *.

1 Degpartment of Dermatology & Venereology, University of Magdeburg School
of Medicine, Magdeburg, Germany, % Department of Radiotherapy. University
of Magdeburg Schoal of Medicine, Magdeburg, Germany

Rationale: Patients with cerebral metastases from malignant metanoma in the
presence of additional extracerebral metastases have a particularly poor prog-
nosis. Hitherto, in cases of primary inoperabie disease palliative radiation ther-
apy was usually chosen. Furthesmore remissions of cerebral metastases from
malignant melanomas under chemaotherapy or combined chemo-immunother-
apy have rarely been reported. Not untll the introduction of the cytostatic
fotemustine (being abie to cross the tlood-brain-barier) have remissions been
demonstrated. in the present paper, we report our clinical results of the com-
bination therapy with fotemustine and irradiation in patients with metastatic
melanoma.

Patients and Methods: Since 1993, 9 patients have been treated with
the combination therapy. The treatment protocol was as follows: 100 mg/m?
fotemustine were given as intravenous infusion once a week for 3 weeks. After
an interval of 4 weeks without any treatment, the same infusion was given
monthly until the disease aventually progressed. Simuitaneously, the patients
raceived either focal irradiation (up to 60 Gy) or a total brain irradiation (up to
39 Gy).

Results: in our 9 patients treated to date, we observed 4 CR, 2 PR, 2
NC, and 1 PD with a mean survival of 24.1 weeks (95% Ci 20.9; 27.3)
with respect to their brain metastases. There were few side effects, including
thrombocytopenia and leukopenia, as well as alopecia, with quite acceptable
overall tolerance.

Conclusions: Though limited by the small number of patients treated, the
present study suggest a therapeutic synergism of the combined chemo-radio-
therapy. This treatment may add a well tolerable option to the armamentarium
for the palliative, conservative therapy of cerebral metastases from malignant
melanoma.

2378 | Adjuvant chemotherapy for malignant melanoma with
DTIC

J. Ulrich !, A.-K. Ulrich !, C. Garbe 2, U. Eliwanger?, K.-H. Kihne ?,

H. Gollnick '. ' Department of Dermatology & Venereology, University of
Magdeburg School of Medicine, Magdeburg, Germany, 2 University of
Tubingen School of Medicine, Tubingen, Germany

Rationale: The adjuvant immuno-and chemotherapy for malignant melanoma
is still a matter of scientific controversy. Whilst few studies have reported
positive effects of such therapy in patients with stage | and il disease, in stages
with loca-regional metastases there seems to be an advantage for the patients
treated.

Patients and Methods: In this retrospective study, 365 patients with
melanoma stages la through b received an adjuvant therapy with 5 courses
of DTIC (200 mg/m?) after surgical removal of the primary tumour plus elective,
or therapeutic lymph node dissection. The patients’ survival rate was analysed
according to Kaplan & Meier. In addition, 323 of the patients were compared
with untreated controls from the Central Malignant Melanoma Registry of the
German Dermatotogical Society.

Results: The mean follow-up of the patients was 5 years. The median
survival (95% Confidence interval) was as follows: 140.8 (131.5-150.1) months
for patients with stage la and tb, 148.4 (134.2-162.7) months for patients with
stage lla, 92.0 (49.6-134.4) months for patients with stage |ib disease, 137.0
(0-309.4) months for patients with stage llla disease, and 34.0 (0~70.9) months
for patients with stage Itlo disease, respectively. Matched pair analysis failed
to demonstrate a stafistically significant advantage for patients treated with
DTIC with respect to both relapse-free interval and overall survival.

Conclusions: The present data suggest that the adjuvant mono-chemother-
apy with DTIC does not provide a prognostic advantage for patients with
malignant melanoma thus confirming the findings of large randomised trials.
In adjuvant situations, therefore, the therapeutic efficacy of interferons as well
as cytokines should rather be siucidated.
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