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The effect of chemo- and chemoimmunotherapy on the
presence of circulating melanoma cells in peripheral blood.
Preliminary results*®
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Reverse transcription and polymerase chain reaction (RT/PCR) with primers spe-
cific for tyrosinase allow for a new method of early detection of individual melanoma
cells in peripheral blood. Using this test the effect of chemo- and chemoimmunother-
apy on the spread of early micrometastatic cancer cells has been evaluated. No signifi-
cant correlations have been found between RT/PCR results on the one hand and stage
of disease, a kind of the therapy protocol used and usage of the therapy as an adjuvant
or palliative on the other hand. Thus, although the RT/PCR test for detection of circu-
lating individual melanoma cells might help in identification of minimal residual dis-
ease in some patients, it has no application for routine staging of more advanced dis-
easc and in monitoring the response to therapy.

In 1994, 1283 new cases of malignant mela-
noma were registered and 707 persons died
from this disease in Poland. Melanoma is
placed 20th on the list of newly registered
cases of neoplastic diseases in Poland (Zaton-
ski & Tyeczynski, 1997). In 1983-1993, 50% in-

crease in the mortality rate from this disease
was observed (J. Didkowska, personal infor-
mation).

The main problem of melanoma therapy are
metastases. They may appear even several
years after surgical excision of primary lesion;
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often they are unresectable and systemic
treatment-resistant. The overall median sur
vival time of patients with widespread disease
is about 6 months (Lee et al., 1995).

In systemic treatment a single-drug or com-
bination (2-5 drugs) chemotherapy is used.
At present (1997) the most active agent ap-
plied in chemotherapy is dacarbazine (DTIC),
which gives 20% of partial response rate and
can be used in therapy as a single agent (Coc-
coni et al., 1992). Combination therapies give
higher response rates, e.g. DTIC + tamoxifen
— 29% (Cocconi et al., 1992), DTIC + bleomy-
cin + lomustine + vineristine (DOBC) — 32%
(York & Foltz, 1988) and DTIC + cisplatin +
carmustine (or lomustine) + tamoxifen (BCD-
T) — 46% (Del Prete et al., 1984).

The combination of chemotherapy with ad-
ministration of biological response modifiers,
e.g. IL-2 and IFN-, increases the antitumor
effectiveness of treatment, e.g. combination
of cis-platin, IL-2 and [FN-+ gives a partial re-
sponse rate of 54% (Khayat et al., 1993).

However, these response rates, although sig-
nificant, have no distinct effect on patients
survival and there is no curative therapy
known at the advanced stage of disease, so the
use of systemic therapy remains palliative.

Therefore, one of the most important goals
in modern oncology is to begin treatment of
melanoma at the earliest possible stage. To
achieve this goal a highly sensitive method for
detection of individual neoplastic cells is
needed. Such a method would give a chance to
diagnose the systemic disease very early be-
fore metastases would became recognizable in
standard medical examination. A diagnostic
test based on this principle might make possi-
ble earlier administration of systemic treat-
ment and, possibly, evaluation of the treat-
ment results in individual patients and detec-
tion of minimal residual disease (stage M1(i))
defined by the presence of individual tumor
cells in secondary organs (Pantel, 1997).

Smith et al. (1991) have described a method
for detection of melanoma cells circulating in
the blood, based on detection of the transcript

for tyrosinase in peripheral blood using
RT/PCR. Tyrosinase — one of the melanin bio-
synthetic enzymes — is present both in normal
melanocytes and melanoma cells. However,
melanocytes are never present in blood of
healthy persons, thus a positive result of this
assay indicates the presence of neoplastic
cells. This reaction is the most sensitive
among all known assays: it can detect a single
melanoma cell in 5 ml of blood.

The aim of our study was to evaluate the use-
fulness of this method in monitoring of
chemo- and chemoimmunotherapy.

MATERIALS AND METHODS

Melanoma cell line. Mew 151, a human
melanoma-derived cell line, was established
by Dr. Maria Rochowska at The Maria
Sklodowska-Curie Memorial Cancer Center in
Warsaw (Poland). Cells were cultured in Dul-
becco's Modified Eagle Medium (DMEM) with
10% fetal calf serum (FCS). Cells in the loga-
rithmic growth phase adherent to culture bot-
tle's walls were trypsinized and total RNA was
isolated by Chomezynski and Sacchi method
(1987).

Patients. Ten healthy blood donors; 5 pa-
tients with other neoplasia: chronic lymphatic
leukemia (CLL), lymphoma, synovioma malig-
num, glioblastoma multiforme and breast can-
cer; 19 patients (9 women and 10 men, mean
age 55 years, range 24-72) with histologically
confirmed malignant melanotic melanoma
were examined between January 1995 and
May 1997. Seventeen patients had cutaneous
melanoma and 2 persons — ocular melanoma
as the primary disease. In the period of study
the patients were at stage II-IV of disease as
evaluated according to AJCC guidelines
(1992) (Yeung, 1994): 3 persons at stage II (af-
ter excision of primary tumor, 1.6-4 mm
thick, no metastases in regional lymph nodes
and no distant metastases), 11 persons — at
stage III (after excision of primary tumor,
thick > 4 mm, and possible metastases in re-
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gional lymph nodes) and 5 — at stage [V (me-
tastases in regional lymph nodes and distant
metastases). Metastases in lymph nodes in pa-
tients at stage III were surgically excised in
most cases. Patients at stage IV had metasta-
ses in the liver (1 person), in the brain (1 per
son) and in the lungs (3 persons). None of
these metastases was resected.

Treatment regimens. Chemo- and chemo-
immunotherapy was used: (1) as an adjuvant
therapy after surgical excision of primary le-
sions or solitary metastases, (2) as a pallia-
tive therapy in cases with unresectable me-
tastases.

As a rule, a combination chemotherapy was
used. The basic drug in all protocols was DTIC
in doses of 250 mg/m” of total body sur-
face/day during 5 days or 850-1200 mg/m*
of total body surface during 1 day given intra-
venously. In different protocols DTIC was
combined with: 1) tamoxifen (D/T); 2) vineris-
tine and tamoxifen (DVT); 3) vincristine, ta-
moxifen and hydroxyurea (DVT-HU); 4) vin-
cristine, bleomycine and lomustine (DOBC);
5) vincristine, bleomycine, lomustine and ta-
moxifen (DOBC-T); 6) vineristine, tamoxifen
and lomustine (DOTC); 7) vincristine, bleo-
mycine and tamoxifen (DOBT); 7) lomustine,
cis-platin and tamoxifen (BCD-T). Sometimes
vincristine was replaced by vinblastine.

One protocol of chemoimmunotherapy was
used: 100-200 mg cis-platin was given intra-
venously during the first day. 18 x 108U/ day
of I11-2 was given subcutaneously from day-2
to day-5, then 9 x 10% U/day of IFN-a was
given from day-6 to day-9. Then the cycle was
repeated: IL-2 for six consecutive days and
then IFN-« for four consecutive days.

Staging of patients was performed prior to
and after therapy according to standard pro-
cedures, including physical examination,
evaluation of all measurable disease with X-
ray, USG and computed tomography.

_The effect of therapy on the presence of circulating melanoma cells 97

Blood samples for RT/PCR evaluation were
obtained prior to and after therapy not earlier
than one week before treatment and not later
than one week after treatment and during
control visits.

RNA extraction from peripheral blood.
For single test, 5 ml of peripheral blood was
obtained from each patient, using 125 ul of
0.5 M EDTA, pH 8.0, as an anticoagulant.
Blood was centrifuged at 400 X g for 6.5 min
and the supernatant was decanted. Total RNA
was extracted from cell fraction by Chomezyn-
ski and Sacchi method (1987).

RT/nested PCR method. Reactions were
performed as described by Brossart et al
(1994), using the reagents and thermo-cycler
obtained from Perkin Elmer, and the primers,
purchased from the Institute of Hematology
in Warsaw. For amplification of tyrosinase
mRNA two pairs of primers were used {(outer
primers: HTYR1 and HTYR2; nested primers:
HTYR3 and HTYR4) according to Smith et al.
(1991) and for GAPDH mRNA amplification
one pair of primers was used according to
Brossart ef al. (1994). For a single reaction of
reverse transcription 0.5 ug of total RNA ob-
tained from 5 ml of blood was used. Random
hexamers or oligo(dT) were used as primers
for reverse transcription. An 1/10 aliquot of
the obtained ¢DNA, was used for GAPDH
gene amplification. GAPDH gene expression
is constitutive, so that detection of its tran-
script confirmed good quality of the RNA
preparation and proper cDNA synthesis.
When the result of GAPDH gene amplifica-
tion was positive, the remaining aliquots of
the obtained cDNA were used for nested PCR
for tyrosinase mRNA. The PCR products were
as follows: 319 bp for GAPDH, 284 bp in the
first round of PCR (PCR I) and 207 bp in the
second round of PCR (PCR II) for tyrosinase.
Controls included negative control employing
water instead of RNA and positive control em-
ploying RNA from Mew 151 cells.
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RESULTS

Specificity and sensitivity of the RT/PCR
method for detection of tyrosinase tran-
scripl

(GAPDH and tyrosinase transcripts were ab-
sent in the negative control, in which water
was used instead of RNA. The GAPDH tran-
script was present in the RNA of blood of all
healthy donors and patients with other neo-
plasia, but the tyrosinase transcript was ab-
sent in all of them. Selected representative re-
sults are shown in Fig. 1. These data confirm
the specificity of the method.
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Figure 1. Evaluation of specificity of RT/nested
PCR method for detection of tyrosinase transcript
in peripheral blood.

PCR products were separated by electrophoresis in 2%
agarose gel.

Total RNA isolated from in wvitro cultured
Mew 151 cells was found to contain GAPDH
and tyrosinase transcripts. In order to deter-
mine the sensitivity of the method serial 10-
fold dilution experiment was performed. De-
creasing numbers of Mew 151 cells (105- 1{}“]
were mixed with 5 ml of blood from a healthy
donor and RNA was extracted. It was found,
that in order to obtain a positive band after
PCR 1, at least 103 Mew 151 cells have to be

present in the mixture, but only one cell in 5
ml of blood is sufficient to obtain a positive re-
sult after PCR II. Selected representative re-
sults are shown in Fig. 2.
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Figure 2. Evaluation of sensitivity of RT/nested
PCR method for detection of tyrosinase transcript
in peripheral blood.

PCR products were separated by electrophoresis in 2%
agarose gel.

The effect of chemotherapy on the presence
of circulating melanoma cells in peripheral
blood

Thirty courses of chemotherapy were evalu-
ated, Sixteen patients at the II-IV AJCC stage
were included in this study and 12 of them
were examined several (2-5) times prior to
and after consecutive courses of treatment.

All four possible situations were observed
during the examinations:

# 1) tyrosinase transcript was absent in the
blood prior to as well as after the course of
therapy (-/-),

#2) tyrosinase transcript was present in the
blood prior to as well as after the course of
therapy (+/+),

#3) tyrosinase transcript was absent in the
blood prior to the course of therapy and
present afterwards (-/+),

# 4) tyrosinase transeript was present in the
blood prior to the course of therapy and ab-
sent afterwards (+/-),
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Four selected cases, which illustrate these
four situations, are shown in Fig. 3.
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Figure 3. Different effects of therapy indicated by
the presence of tyrosinase transcript in peripheral
blood — four observed situations.

PCR products were separated by electrophoresis in 2%
agarose gel. Signs + and - denote the presence or ab-
sence, respectively, the tyrosinase transcript in the
blood of patients, e.g. +/- denotes the presence of ty-
rosinase transcript in the blood of patient before the
therapy and ahsence of it after the course.

Summary of the results is presented in Table 1.

RT/PCR results in relation to AJCC stage of
patients are shown in Table 2.

The RT/PCR results in relation to protocols
of therapy used in the study are shown in Ta-
ble 3. Only a few courses of each protocol were
evaluated, therefore the data are insufficient
to permit any generalization. It can only be
noted that the effect of the same protocol very

Table 1. Summary of RT/PCR results prior to
and after chemotherapy in patients with mela-
noma.

For details see text.

Number of e\ra]uatéd courses R.._-_TIPER results
=f= =S 4=
a0 9 9 b )

Signs + and - denote the presence or absence, respectively,
the tyrosinase transeript in the blood of patients, e.g. +/-
denotes the presence of tyrosinase transcript in the blood
of patient before the course of therapy and absence of it af-
ter the course.

often differed from one particular courses to
another.

Tahle 2. RT/PCR results prior to and after che-
motherapy courses in relation to AJCC stage of
patients with melanoma.

For details see text.

Total
AJCC stage RT/PCR resulis number
of courses
=f= +f+ =S+ +-
II 2 0 1 0 3
i1} 3 6 3 & 17
v 4 3 1 2 10
Total number
of courses 9 9 5 7 30

Signe + and -, a8 described in a footnote to Table 1.

RT/PCR results prior and after therapy in
patients treated with adjuvant and palliative
chemotherapy are shown in Table 4.

RT/PCR results prior and after chemother-
apy in some selected cases are shown in Table
5. As it is seen, the administration of chemo-
therapy according to a particular protocol of-
ten gave different effects regarding the ap-
pearance/disappearance of the tyrosinase
transcript in the same patient.

The effect of chemoimmunotherapy on the
presence of circulating melanoma cells in
peripheral blood

Three courses of chemoimmunotherapy
were evaluated.

Patient No. 5 at stage III tyrosinase positive
prior to the course of palliative chemoimmu-
notherapy became negative after treatment.

In two patients (No. 6 at IT and No. 7 at stage
IM), in whom therapy courses were adjuvant,
the results were opposite; negative prior to
and positive after therapy. The therapy course
was interrupted in the patient No. 6 after 5
days because of severe side effects. Patient
No. 7 was evaluated three times during the
course and each time he was positive. The
schedule of treatment and RT/PCR tests in
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Table 3. RT/PCR results prior to and after chemotherapy in relation to the therapy protocol adminis-

tered to patients with melanoma

Chemotherapy protocol o RDECR m_“f s et mmieral
D/T - 0 0 1 2 3
DVT 4 2 0 1 7
DVT-HU 0 0 1 1 )
DOEC 3 0 0 1 4
DOBCT 1 2 2 2 7
DOTC 1 0 1 0 2
DOBT 0 4 0 0 4
BCD-T 0 1 0 0 1
e 5 : : T

DT, tamoxifen; DVT, vincristine and tamoxifen; DVT-HU, vineristine, tamoxifen and hydroxyurea; DOBC, vincristine, bleo-
mycine and lomustine; DOBC-T, vineristine, bleomyeineg, lomustine and tamoxifen: DOTC, vineristine, tamoxifen and
lomustine; DOBT, vincristine, bleomycine and tamoxifen; BCD-T, lomustine, cis-platin and tamoxifen.

Signe + and -, a8 described in a footnote to Table 1.

this patient are presented in Table 6. Three
weeks after this chemoimmunotherapy
course metastases were found in the patient's
lung and liver. Unfortunately, both these
cases represented patients in whom the dis
ease progressed during the therapy and none
of the patients who responded to therapy was
monitored by this method.

Table 4. RT/PCR results prior to and after ther-
apy in patients with melanoma treated with adju-
vant or palliative chemotherapy

Tatal
Chemotherapy RT/PCR results number of
COUrses
i +/ 4 i = -
Adjuvant 3 & 3 5 17
Palliative B 3 2 2 13
Total number
o donaed 8 a9 B 7 30

Signs + and -, as described in a footnote to Table 1.

DISCUSSION

In this study we approached the problem of
monitoring the response to therapy in mela-
noma using the RT/PCR method for detection
of single circulating neoplastic cells. No sig-
nificant correlations have been found between
the effects of therapy on the level of circulat-
ing melanoma cells on the one hand, and the

AJCC stage of disease, a kind of used protocol
and usage therapy as an adjuvant or palliative
on the other hand. Whether this reflects dif-
ferences in biology of the disease in individual
patients or differences in their response to
therapy is unclear.

In our study we have ohserved all possible
situations: melanoma cells disappeared from
the blood of some patients after courses of
therapy, in other patients they appeared after
courses of therapy or sometimes the adminis-
tered therapy had no influence on the pres-
ence of tumor cells. These results are in con-
flict with the results described by Brossart et
al. (1994): in their work the tyrosinase tran-
script was detected in blood and bone marrow
samples from 28 patients with malignant
melanoma at stage III and IV prior to and af-
ter immmunotherapy with IL-2 and IFNa.
The authors in their subsequent investiga-
tions found that many patients were negative
after chemotherapy (U. Keilholz, personal in-
formation). It is difficult to explain these dif-
ferences and more extended evaluation of
melanoma patients is necessary to find out
the reason.

On the one hand, the observed situations of
appearance or persistence of the tyrosinase
transcript after treatment could represent a
further confirmation of poor efficacy of sys-
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Table 5. RT/PCR results prior to and after chemotherapy in some selected cases of melanoma.

For the explanation of abbreviations see a legend to Fig. 3.

Number of courses

RT/PCR results prior to and

Patient No. AJCC stage * after consecutive courses of
chemotherapy protocol  therapy L

1 m 2 »x DOBT +/4; v+

2 I 2 x DOBCT +f=) =S+

3 v 2 ¥ DVT-HU -y =S

4 111 3 x DVT s s e

Sigms + and -, as described in a footnote to Table 1.

temic therapy in advanced melanoma. On the
other hand, the difficulties in interpretation
of results could be caused by the fact that ex-
amination by employing the RT/PCR method
does not answer some important questions.
First, the assay is only qualitative, so that in
some situations the results cannot be inter-
preted clearly, e.g. in the case of the result +/+
it is not known whether the number of mela-
noma cells increased, decreased or remained
the same after treatment. Developing the
quantitative PCR might help to resolve this
problem.

Table 6. RT/PCR results before, during and af-
ter chemoimmunotherapy in patient No. 7

Schedule of the course RT/PCR resulis
day-0 — before therapy  negative
day-1: eis-platin

day-2 — day-5: TL-2

day-7, day-8: INF«

day-10; positive
day-11 — day-13: INF«

day-14: IL-2 positive
day-15 — day-18: IL-2

day-19: IL-2 positive
day-20, day-21, day-23,

day-24: rﬁ%‘ﬂ positive

day-30 — after therapy

Second, the result of this test does not pro-
vide information about the metastatic poten-
tial of circulating melanoma cells, because
this potential depends on the expression of

genes other than tyrosinase (Hoon et al,
1995). 1t is known that only 0.01% of circulat-
ing cancer cells are capable to establish metas-
tasis (Fidler, 1990). This ability depends on
multiple parameters, which include, among
others, 1) the tumor's cell capacity for travers-
ing basement membrane, which requires ex-
pression of collagenase type IV (Seftor et al.,
1990), 2) interaction with host cells — an in-
verse relationship between patients' survival
and serum level of intercellular adhesion
maolecule (ICAM-1) has been reported in mela-
noma (Harning et al., 1991), 3) melanoma cell
survival during circulation in blood, 4) poten-
tial of growth and colonization of distant or-
gans, dependent on expression of numerous
growth factors and immunomodulators (e.g.
transforming growth factor« and 3, basic fi-
broblast growth factor, plateled-derived
growth factor, interleukin-la and #, inter-
leukin-6, monocyte chemotactic and activat-
ing factor and granulocyte-macrophage col-
ony stimulating factor (Lupetti et al, 1996;
Rodeck & Herlyn, 1991; Singh et al., 1995)
and by capacity of tumor cells to induce angio-
genesis in the place of colonization (Barnhill
et al., 1992). Therefore the presence of circu-
lating melanoma cells, identified by detection
of the tyrosinase transcript, indicates only
that melanoma cells are capable of entering
the circulation from a primary or secondary
tumor but gives no information concerning
their capacity to leave the circulation and to
initiate a metastasis.
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