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Abstract

Malignant melanoma is a skin tumour, which carries a very unfavourable prognosis. The early detection of a melanoma
and even more its metastasis is of decisive importance for the survival prognosis of the patients. So there is aways a desire
for simple, economica and meaningful serological markers. From the cysteine- and indole-related derivatives, 5-S
cysteinyldopa (5-SCD) and 6-hydroxy-5-methoxy-indole-2-carboxylic acid (6H5MI12C) are the most important substances
for this purpose. For 5-SCD, the sample pretreatment was carried out either by a manual extraction onto alumina, by an
automated method onto boronic acid affinity gels or by an automated solid-phase extraction. For 6H5MI12C, liquid—liquid
extractions or direct injection techniques were applied. The chromatographic analyses in the early years were mostly
performed with GC—MS. Today HPLC is the nearly exclusively used separation technique. For HPLC, standard RP18
separating columns and usual compositions of eluents were applied. As detectors both the ECD and the FD showed a
sufficient sensitivity and selectivity. 5-SCD and 6H5M12C are very sensitive to light and oxidation. These properties must be
taken into account in the complete analysis procedure, including the sample collection, otherwise false low values will result
especiadly for plasma samples. For a critical discussion of the analytical methods and still more for the interpretation of the
obtained results, the detailed analytical procedures must be considered. 5-SCD in plasma is one of the best markers of
malignant melanoma. It shows an excellent specificity and also an adequate sensitivity in the metastatic melanoma stages.
For the detection of primary melanomas and for urine instead of plasma samples, the sensitivity of 5-SCD is generally lower.
Altogether, the sensitivity of this parameter is not yet sufficient. 6H5MI2C and other indole derivatives have been
investigated far less than 5-SCD. 6H5M12C correlates less clearly with the different stages of the melanoma and is therefore
a less suitable marker. To improve the sensitivity of the findings, in future the investigations should be performed as
multi-marker analysis with the simultaneous measurements of more than one marker substance in a given patient sample.
Not only one measurement should be carried out per patient, it would be more meaningful to observe the patients with
laboratory diagnostics in the follow-up. [ 2001 Elsevier Science BYV. All rights reserved.

Keywords: Reviews, Malignant melanoma; Cysteine; Indole

“This work is dedicated to the 65th birthday of Professor E. Christophers, Head of the Department of Dermatology, University of Kiel.
*Corresponding author. Tel.: +49-40-53-8050; fax: +49-40-53-805296.
E-mail address: hartleb@labor-keeser-arndt.de (J. Hartleb).

0378-4347/01/$ — see front matter [ 2001 Elsevier Science BV. All rights reserved.
PIl1: S0378-4347(01)00278-X



410 J. Hartleb, R. Arndt / J. Chromatogr. B 764 (2001) 409-443

Contents
B 1 011 T [0 oo T TP O PP U O P PP UUROPRRPRTPURPPION 410
1.1. Definition, epidemiology and aetiology of malignant MEI@NOMAL. .........c.eiiiiiiiiiie e 410
1.2. Classification, diagnostics and therapy of malignant MEIBNOMA ..........c.eiiiiiiiiiii s 411
1.3. Marker for malignant melanoma and their significance............. 412
2. Cysteine and indole derivatives as markers of malignant melanoma... e 412
2.1. Metabolism and biochemistry of the melanin formation...............cccc..... e 412
2.2. Clinical importance and history of melanoma-related CySteing deriVatiVES. ...........ooeiiiiiiiiie et 415
2.3. Clinical importance and history of melanoma-related indole deriVatiVES............coviiiieriiiiie e 417
2.4. Reference values of some melanomarrelated cysteine and indole derivatives ... 418
3. ANAlYSISIN the ClINICAl TADOTBLONY ... .eeieiiieeete ettt ettt ettt e e e he et e e bt e e s bt e e easb e e e ehbe e e embe e e e beeeenbeeeanbeaeannneeaae 418
S 4o LY oo = o (o o TSSOSO PP S PP 420
o300 T U114 TP TP O T ST PPPTPTRTRTPPRN 420
L I = - 1 OO P PP PP PP UPPR 420
3.1.3. Cell and tissue samples.. e 423
B4, SEBNUAIUS. ...t h e bbbt b e e bttt e br e r e nnee 423
RIS 31<= 1= OO 424
3.2.1. Synthesis of cysteine derivatives.... e 424
3.2.2. Synthesis of the indole derivatives..... e 424
4. Sample pretreatment ..........ccoeeeveeeiieeeeiiee e e 425
4.1. Sample pretreatment Of CYSLEINE JEIVELIVES. .........oiuuiiiietieriie ittt e b et e e sse e e b e e sbeeenbeesbeesbeeanbeesbeesineans 425
4.1.1. Sample pretreatment With @lUMINGL ..........coeiiiiiii ettt et 425
4.1.2. Sample pretreatment with modified boronic acid affinity gels.. ... 428
4.1.3. Sample pretreatment with solid-phase extraction..................... e 430
4.2. Sample pretreatment of indole derivatives....................... e 431
4.2.1. Sample pretreatment fOr GC @NBIYSIS. ... .uuiiieie ittt ettt ettt e te e e be e e sabe e e ssbe e s ssse e e eabeeeaabseeaanreeeanbeeeannnas 431
4.2.2. Sample pretreatment fOr HPLC @NAlYSIS. ... ..oiuuiiiiaiiiiit ittt ettt ettt sttt ettt e be e bbb e eee 431
5. Internal standards e 432
5.1. Internal standards fOr CYStEINE AEITVELIVES.........coiuuiii ittt ettt et e e be e e ekt e e e saae e e sate e e e be e e e nbeeessneeeannneeanes 432
5.2. Internal standards for iNOIE JENVELIVES............cciiiiiiiieieeee et re e 433
6. ChromELOgraphiC @NAIYSIS ... .eeteeiuteeteeite ettt ettt h e bttt b s h e et h e eh e et e eh a4 bt e et e e nh e e e Rt bt Rt ean e b na ettt s 433
6.1. ANalySIS Of CYSIEING UEITVELIVES ........veiiieiii ettt ettt ettt e ek bt e e s he et e et e e e e kb e e ek b e e e ehbe e e eate e e e be e e e sbeeessneaesnnneeanes 433
6.1.1. Early techniques .. 433
(20 o | PP PRPP PP 433
6.2. Analysis of indole derivatives 434
6.2.1. GC.ooovververrrcrcs e 434
6.22. HPLC....ooooviieeeeieiiieeen .. 434
7. Specia clinical and biomedical applications.. e 434
7.1. 5-SCD and amelanotiC MEIBNOMES ..........cuiiiiiieieiiee ettt r et r e r e e e sre e nenre e 434
7.2. 5-SCD and 6H5MI12C and melanomas in ChIAIEN ............coiiiiiiiii et 436
8. Summary and CONCIUSIONS.........cooueriiiiieiiiee e e 437
9. Definition list................ e 439
Acknowledgements... e 439
REFEIBNCES ...ttt h e s b e e b e e e a b e e b e e e b e e e b e e b e e e h b e e b e e R e e e hb e e b e e e b e e s b b e b e e s he e s b e e b e e srneea 439
1. Introduction predominantly on the skin. It can rarely be found on
the eye (uvea and reting), the meninges and the
1.1. Definition, epidemiology and aetiology of mucous membranes [1]. In the majority of cases the
malignant melanoma melanoma is strongly pigmented. It has a distinctive
tendency to develop early lymphogenous and
Malignant melanoma is a tumour which is outgo- haematogenous metastases and carries a very un-

ing from the melanocytic cell system and manifests favourable prognosis. The malignant melanomas
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(only 1-3% of all cancer diseases [2] and 5-11% of
al skin cancer diseases, resp.) causes 75-90% of
deaths relating to all skin cancer diseases [1,3].

The incidence of the melanoma is increasing
worldwide, but this is subtly differentiated to see.
Several factors determine the aetiology, of which the
skin colour and the sensitivity to solar radiation
dominate. Therefore, the fair-skinned groups of the
population in strongly sun-exposed geographical
areas [4] are primarily endangered. In some ethnic
groups like Asians and Africans, the melanoma is a
very rare disease. If it occurs, then it is located
primarily in the area of the mucous membranes and
palmoplantar regions [1]. The incidence of the
melanoma in these groups is much lower and has not
changed substantially for years.

In the USA, the risk of developing a melanoma
has more than doubled in the last 20 years: From one
melanoma per 250 persons (1980) to one per 75
persons (2000). In certain regions in Australia and
New Zealand, the risk is even one per 30 inhabitants
[5—7]. In Europe, there is a clear gradient to be seen
with low risk in the southern countries and high risk
in the north. The incidence of melanoma ranges from
1.7 per 100 000 of the male population in Greece to
11.5 of the female population in Denmark (EU: 4.6
male, 6.5 femae), and there are remarkable differ-
ences between men and women [8]. In the German-
speaking regions, the median of the manifest diag-
nosis of a malignant melanoma lies above 50 years
[1].

Further important risk factors for the development
of malignant melanoma are an inherited autosomal-
dominant predisposition (familial atypical multiple
mole melanoma syndrome, FAMMM), as well as the
existence of a large number of congenital, acquired
or dysplastic nevi. It is interesting that the simple
cumulative solar radiation does not increase the risk
of melanoma formation as much as severe sunburns
in the childhood and adolescence years [2]. Further
details can be found in Refs. [9,10].

1.2 Classification, diagnostics and therapy of
malignant melanoma

One can distinguish clinically and histologically
some types of melanoma superficial spreading
melanoma (SMM, 57% occurrence [1]), nodular

melanoma (NM, 21% occurrence, bad prognosis),
lentigo maligna melanoma (LMM, 9% occurrence),
acral lentiginous melanoma (ALM, 4% occurrence,
worse prognosis), hon-classifiable melanoma (UCM,
4% occurrence) and other melanomas (5% occur-
rence, including amelanotic melanoma, which is
difficult to diagnose due to missing pigmentation).

Some more differentiations are made: according to
the Breslow staging on vertical tumour thickness
[11], according to the Clark staging on the level of
skin invasion [12] and on the occurrence of metas-
tases [1]. According to the staging system of the
AJCC (American Joint Committee on Cancer, 1992
[13]) malignant melanomas are differentiated in
stage | (localised primary melanoma, thickness <1.5
mm, 5-year survival prognosis (5YSP) 85-95%),
stage Il (localised primary melanoma, thickness
>1.5 mm, 5Y SP 50-70%), stage 111 (regional nodal
metastases and/or in-transit metastases, 5YSP 30—
40%) and stage 1V (subcutaneous or nodal metastases
beyond the regional lymph nodes or visceral metas-
tases, 5Y SP 5-10%).

Approximately 90% of all malignant melanomas
are diagnosed as primary tumours without recogniz-
able metastases. The 10-year survival prognosis is
altogether 75—-80% [1]. A diagnosis of a malignant
melanoma as early as possible can clearly lower the
mortality of this disease. The results are specified by
means of imaging methods, e.g., dermatoscopy and
ultrasound examinations. The clinical diagnosis of a
suspected malignant melanoma is confirmed histo-
logically in every case. If necessary, laboratory
examinations of suitable melanoma markers are
carried out.

The main therapy for primary malignant
melanomas without recognizable metastases is the
surgical excision. If necessary, excision therapy is
followed by radiotherapy, chemotherapy or immuno-
therapy with interferons or interleukins.

In patients with melanoma stage 1V, therapy is
primarily palliative because no adjuvant therapy
forms with a clear benefit for survival of patients
have been found until now. The treatment is focused
on improving the time to tumour progression, the
duration of overall survival and symptom relief.

There are some promising developments of ad-
juvant therapies for the future. One of these is the
use of different therapeutic vaccines, which could
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increase the patient’'s own immune response to
prevent or delay the progress of the disease [14—16].
Another possibility is gene therapy. Cells, which are
capable of handling immunomodulatory messenger
substances, are injected directly into the tumour
tissue. It is hoped that the expression of these
substances in the tumour cells stimulates the endog-
enous immune system, and that the melanoma cells
are recognized as stranger cells and destroyed selec-
tively [17].

1.3 Marker for malignant melanoma and their
significance

The early detection of a melanoma, and even more
its metastasis, is of decisive importance for the
survival prognosis of the patients. This means that
the correct staging of a patient is the prerequisite for
an optimal therapy. For this purpose, besides the
direct histological examination of biopsy or opera
tion samples, imaging methods are primarily used.
The most important methods are ultrasonography,
magnetic resonance imaging, computed tomography,
scintigraphy and, recently, also positron emission
tomography. These techniques usualy have very
high sensitivities and specificities. But none is opti-
mally suitable for all clinical cases, particularly for
the detection of micro metastases. Most of these
methods are very expensive and partly also invasive
for the patients. Some reviews of these methods were
recently published [3,18].

There is aways a desire for simple, economical
and meaningful serological markers for malignant
melanoma. Some of them have already been estab-
lished in diagnostics, others are till in the research
stage. The comparison of the suitability of these
markers is difficult, because different analytical
methods, cut-off values, patient groups, melanoma
classifications and in some cases also multiple
sampling per patient lead to varying results. All of
these marker substances show the greatest sensitivity
in the advanced stages of the melanoma and have
little or no significance in early diagnostics. None of
these markers reaches a specificity of 100%. Another
aspect is the suitability of the markers in the follow-
up of patients. The question is, if the markers can
reflect the course of the therapies and the success or
failure of therapeutical treatments. Markers can help

to find those patients who are therapy non-responders
and who can therefore be spared the most aggressive
therapies.

Table 1 lists the currently mostly used serological
markers. More details can be found in some recently
published overviews [19,20].

2. Cysteine and indole derivatives as markers of
malignant melanoma

2.1. Metabolism and biochemistry of the melanin
formation

The colour of skin and hair in humans and other
mammals is primarily determined by the content and
the manner of epidermal melanins and is controlled
genetically. Melanogenesis, i.e., the formation of the
melanins, takes place in the melanocytes [55-58].
These are cells derived from the melanoblasts of
neural crest origins. The melanocytes are found
mainly in the epidermis and around the hair bulbs.
The biosynthesis of melanins takes place in special
membrane-embedded organelles of melanocytes, the
melanosomes [59]. In these melanosomes tyrosinase,
the key enzyme of the melanin formation is found.

Two types of melanin pigments are normally
distinguished, the black—brown eumelanins and the
yellow—red pheomelanins. They are produced both
in normal melanocytes, but also in melanoma cells.
Mostly they are found as mixed-type melanins [60].

The synthesis of the melanins [61—66] proceeds in
a multi-stage combination of enzymatic and normal
chemical reactions. It starts with the tyrosinase-cata-
lyzed hydroxylation of the amino acid tyrosine to
dopa. This enzyme also catalyzes the further oxida-
tion of dopa to dopaquinone.

In the pheomelanotic pathway (Fig. 1), from this
very reactive intermediate, 5-S-cysteinyldopa is di-
rectly formed (with other cysteinyldopa isomers in
small portions). The prerequisite for this is the
presence of cysteine. A side reaction with an indirect
method of cysteinyldopa formation (over 5-S
glutathionyldopa) has aso been recognized [67,68].
The further oxidation of cysteinyldopas leads to
cyclization to 1,4-benzothiazines [56]. Finaly, these
intermediates dimerize to different trichochromes
[69,70] or polymerize to the pheomelanins.
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Table 1
Currently discussed serological markers of malignant melanoma
Melanoma marker Abbre- Biomedical function Comment References
viation
S1008 protein S1008 Acidic calcium-binding Most frequently used marker; clear [19,21-30]
protein, eg., found in correlation between serum levels and
glia cells, melanocytes melanoma stage; very high specificity; in
and melanoma cells published studies distinct, varying
sensitivities were found; for detection of
melanomas in stages | and Il not
successful; the general suitability as a
marker of disease progression and for
therapy monitoring must still be confirmed
by greater patient groups
5-S-Cysteinyldopa 5-SCD Metabolite of the If analyzed with a suitable analytical method, this work
pheomelanctic pathway one of the best markers of the metastatic
melanoma; very high specificity
6-Hydroxy-5-methoxy- 6H5MI2C Metabolite of the The sensitivity and specificity has not this work
indole-2-carboxylic eumelanotic pathway reached that of other markers; reflects
acid more the melanogenesis in normal
melanocytes; possibly analytical problems
Tyrosinase activity Key enzyme of the Only low sensitivity and specificity [31,32]
melanin formation
L-Dopa/L-tyrosine Indirect measurement Interesting to overcome analytical [33,34]
ratio of tyrosinase activity difficulties in 5-SCD determination;
only very few data are available
Melanoma inhibitory MIA Autocrine-secreted A very promising marker; an assessment [25,35-37]
activity protein tumour cell growth is difficult since only very few data are
inhibitor available
Interleukins IL-6 The detailed functions in It is interesting that such immunological [38-40]
IL-8 tumor immunology is not substances play a role in the melanoma
IL-10 clear; interleukins were disease;
Soluble intercellular sICAM-1 produced by melanoma some other conditions influencing the
adhesion molecule 1, cells; cell adhesion immunological system can affect [41-43]
Soluble vascular cell VCAM-1 molecules were the serum levels of these substances;
adhesion molecule 1 expressed on melanoma these substance groups still are in the
Soluble IL-2 receptor slL-2R cells research state [44,45]
Neurone-specific NSE Enzyme of the glycolytic Shows a relative low sensitivity and [46,47]
enolase pathway specificity related to other markers;
only very few data are available
Lipid-bound sidic acid LASA-P Sialoglycolipid, bound to Shows a relative low sensitivity and [48]
membranes of tumour specificity related to other markers; only
cells very few data are available
Cathepsin D Aspartyl endoproteinase, Plasma levels cannot supply reliable [49]
plays a role in breast prognostic values for developing
cancer metastases
Lactate dehydrogenase LDH Standard |aboratory Not a specific marker of the melanoma; [25,50,51]

parameter

increased serum levels reflect the tumour
burden and the tumour cell turnover; it is
more an independent prognosis factor for
tumour patients




414

Table 1. Continued

J. Hartleb, R. Arndt / J. Chromatogr. B 764 (2001) 409-443

Melanoma marker Abbre- Biomedical function Comment References
viation
Reverse transcription- RT-PCR Amplification of An interesting approach, but at present this [52-54]
polymerase chain melanoma-specific sensitive method is till showing some
reaction for detection RNA/DNA sequences methodical problems for this purpose —
of tumour cells in (e.g., tyrosinase MRNA) resulting, e.g., in strongly differing RT-
peripheral blood by PCR PCR positive study results from 0 to
100%

In the eumelanotic pathway (in the absence of
cysteine or other SH-compounds) the oxidation of
dopaquinone leads to dopachrome (Fig. 2). The
exact conditions of the reactions in the following
steps have not been explained in all details yet. The
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Fig. 1. Metabolic pathway for the synthesis of the melanin pigment pheomelanin.

largest quantity of dopachrome is primarily changed
by decarboxylation to 5,6DHI. Minor quantities of
dopachrome lead to 5,6DHI2C by enzymatic trans-
formation. These two reactions and the role of
dopachrome tautomerase have been the aim of
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Fig. 2. Metabolic pathway for the synthesis of the melanin pigment eumelanin.

numerous research studies within the last years [71—
74]. Both dihydroxyindoles are oxidized further into
the corresponding indolequinones, which finally
yield the eumelanin pigments by polymerization.

Minor amounts of the cysteinyldopas and the
indole derivatives may be leaked into the blood
circulation, partly O-methylated by COMT in the
liver (but COMT aso occurs in the melanocytes) and
excreted into the urine. Noticeable amounts of these
monomers in urine are present as conjugates of the
glucuronic and sulphuric acids. This concerns above
al the more hydrophobic indole derivatives without
carboxylic group and is less meaningful for the
indole carboxylic acids [75] and 5-SCD [76].

The balance between the pheomelanotic and the
eumelanotic pathway is primarily regulated by the
availability of cysteine. Independent of the available
quantities of dopaguinone, if cysteine is present in
the melanocytes, pheomelanin formation dominates

[77].

2.2. Clinical importance and history of melanoma-
related cysteine derivatives

The early work of Prota and co-workers [78,79],
in which they suggested that pheomelanins are
deduced from tyrosine and cysteine and the structure
elucidation of 5-SCD by the same authors, was the
beginning of the biochemical research in this field.
5-SCD was first found in tissue samples of
melanoma cells [80,81], then in urine samples of
melanoma patients [82,83] and normal persons
[84,85], later aso in serum [86,87].

5-SCD is the most important isolated intermediate
product in the pheomelanctic pathway. 2-SCD, 6-
SCD and 2,5-S,SCD were found to be by-products.
The isomeric ratios 5S:2S:6S:2,55,S were approxi-
mately 75:15:1:5%. These ratios were obtained not
only in melanoma cells and urine of melanoma
patients, but also in the enzymatic synthesis of the
cysteinyldopas in vitro [88—90].



416 J. Hartleb, R. Arndt / J. Chromatogr. B 764 (2001) 409-443

5-SCD reflects the tyrosinase activity of normal
and pathologica melanocytes or melanoma cells
[68,91]. No significant differences in the 5-SCD
content were seen between the different kinds of
primary melanomas [92]. There is an increased
excretion of 5-SCD in the urine of melanoma
patients, but also a strong dependence on the stage of
the melanoma, i.e., if metastasis occurred [93-96].
Ninety percent of 571 patients with metastatic
melanomas, but only 9% of 410 patients with
melanomas without metastases showed increased 5-
SCD concentrations in urine [97]. Not all authors
found such optimistic results [98]. Hara et a. [92]
observed pathological 5-SCD excretions in urine
only in 14% of 43 patientsin stage Il and in 62% in
stage IV. Also, for the correlation of the 5-SCD urine
excretion with the melanoma tumour mass, con-
tradicting results were found [99-102].

By measurements of 5-SCD in serum or plasma
the sensitivity of this marker could be improved. In
serum/plasma a correlation was found between 5-
SCD concentration and tumour size in melanoma-
bearing mice [103,104]. 5-SCD in plasma reflects the
metastasis of the melanoma far earlier and more
sengitively than in urine [98,105-107]. Plasma gives
some more direct information about melanogenic
activity. Urine isinfluenced too strongly by metabolic
processes like oxidation, O-methylation and conjuga-
tion. However, aso in serum/plasma samples, but
not in al of the patients with melanoma, not even in
everyone in the stages |1l and 1V, increased 5-SCD
concentrations were found [98,107]. With our mea-
surements in plasma, we found border range or
pathological 5-SCD concentrations (>5 nM/I) in
10% of 25 patients in stages | and |1, in 36% of 23
patients in stage Il and in 66% of 29 patients in
stage 1V [108].

The occurrence of 5-SCD in urine and in the
serum of heathy norma persons must be seen
separately from malignant melanoma. 5-SCD is
found aso in urine and in the serum of healthy
normal persons. The 5-SCD excretion and serum
concentration of normal persons [109] are indepen-
dent of skin type and colour of hair, in contrast to the
indole derivatives [110]. 5-SCD is aso found in the
plasma of patients with oculocutaneous abinism or
vitiligo, where the 5-SCD concentration was approx-
imately in the same range as in normal persons

[105,110-112]. This means that the 5-SCD pro-
duction is not restricted to the tyrosinase-dependent
reaction in the melanocytes, but there are further
sources [107,113,114]. 5-SCD in serum of normal
persons shows seasonal fluctuations. In summer the
values are twice those in winter. However, these
values usualy do not exceed the normal range of
<10 nM/I and correlate with the intensity of solar
radiation [109,115]. Therefore, an increase of 5-SCD
in serum and urine after UV stimulation was found
[100,116-118].

An assessment of the significance of 5-SCD as a
marker of malignant melanoma is not free of con-
tradictions and therefore not easy to determine.

(i) 5-SCD concentration in plasma is, besides
S100B, one of the best markers of the metastatic
melanoma. 5-SCD is less suitable if it is measured
in urine and if it is used for recognition of
primary melanomas without metastasis, because
the sensitivity strongly depends on the stage of
the melanoma patients.

(i) 5-SCD in plasma relatively quickly detects
changes in the status of the patients, e.g., after an
operation or successful therapy treatment
[44,119]. Usually the 5-SCD concentration de-
creases into the normal range within 3-5 weeks.
(iii) 5-SCD shows an excellent specificity of
almost 100%. Other skin diseases and tumours do
not influence this parameter, neither in urine nor
in plasma [92,108,120]. Only persons with many
congenital or dysplastic nevi or ‘giant pigmented
nevi’ sometimes show increased 5-SCD values.
(iv) With regard to the sensitivity of this marker,
and to the normal values found over the years,
contradictory results exist, particularly for serum/
plasma measurements. A substantial reason for
this surely resulted from improper anaytical
conditions. The oxidative sensitivity of 5-SCD in
pre-analytics and analytics frequently was not
sufficiently taken into account. The results were
false low values [108]. Furthermore, studies on
5-SCD in serum or plasma have often included
only a limited number of patients.

(v) The calculated percent quotas for normal and
increased 5-SCD values are strongly dependent
on the homogeneity of the respective patient
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groups, which are often very heterogeneous. This
refers, e.g., to the type, the size and location of
the primary tumour, to the number and location of
the metastases, to the age and sex of the patients,
to the time period since first diagnosed and aso to
operations carried out as well as medication. By
definition, a patient who has reached a certain
stage remains in this stage, independent of the
actual clinical situation after operations and/or
therapies. Therefore, not every patient in stages
Il and 1V has metastases and/or elevated 5-SCD
values.

(vi) Despite numerous trials with sophisticated
statistical methods [23,96], correlation with the
location of the metastasis [24,121] or with stan-
dard laboratory parameters [22,122], only minor
improvements in the sensitivity for 5-SCD could
be obtained.

Finaly, in this section, some new interesting
works should be mentioned. Ros-Bullon et al. [31]
did not examine 5-SCD as a product of metabolism
of the tyrosinase activity, but the activity of the
serum tyrosinase directly. The mean values for
patients with melanoma and for normal persons are
significantly different from each other, but an ex-
plicit differentiation between these two groups is not
possible. An overview to this topic is found in Ref.
[32].

Letellier et al. [33,34] did not examine the activity
of the tyrosinase in plasma directly, but did this via
the L-dopa/L-tyrosine ratio. This ratio significantly
distinguishes patients with metastatic melanomas
from normal persons. But this method is not suitable
for an early diagnosis of a primary melanoma.

2.3. Clinical importance and history of melanoma-
related indole derivatives

The spontaneous darkening of urine on air and the
simple colorimetric reactions by Thormahlen [123]
and von Jaksch [124] were the only biochemical
methods to detect a metastatic malignant melanoma
until the 1960s. Clinical studies remained focused for
along time on these so-called ** Thormahlen positive
substances” [125]. This test is positive for indole
derivatives, non-substituted at the 2- and 3-position.
With the identification of the structure of these

substances early in the 1980s, a strong development
started in this biomedical field. The ** Thormahlen
positive substances’ A, B and C could be identified
as 5H6MI-glucuronide, 6H5MI-6-O-sulphate and
5,6DHI-6-O-sulphate, with little portions of other
isomers [126—129].

The group of eumelanin-related indole substances
consists of seven compounds (see Fig. 2). The eighth
possible substance, 5,6DMI, to our knowledge has
not been found yet. All substances could be detected
in normal urine: 5,6DHI, 5SH6MI, 6H5MI, 5,6DHI2C
[130], 6H5MI12C [131], 5HEMI2C [132], 5,6DMI2C
[133] and in urine samples of patients with
melanoma [75,132,134,135]. Not all of these sub-
stances are suitable in a similar manner for analysis.
5,6DMI2C could be found in urine only in extremely
low concentrations. Moreover, the differences in the
excretions of normal persons and melanoma patients
are very low [135]. Some substances are so reactive
that the processes of oxidation and polymerization
during sample collection and analysis cannot be
stopped. This applies primarily to 5,6DHI2C and
5,6DHI [75,118]. 5,6DHI and also the two O-methyl
derivatives in urine are found mainly as conjugates
of the glucuronic and sulphuric acids [136]. The
excretion of free 5SH6MI in urineis similar to the one
of SH6MI2C. It shows, however, a greater biological
variability in comparison with the carboxylic acid
derivatives [110].

This leaves the two partially O-methylated deriva-
tives 5SH6MI12C and 6H5MI2C. These show a rela-
tive stability, and the concentrations in the examined
matrices are sufficiently high. Of these two isomers,
5H6MI2C is found in a little higher concentration
compared to 6H5M12C. This ratio was found both in
urine and in extracts of melanoma cells [137]. Both
isomers run parallel in their concentration, so the
analysis of one substance could suffice [135].

Thus, 5H6M12C and/or 6H5M12C were generaly
used in investigations and studies. 6H5MI2C reflects
the melanogenesis in normal melanocytes in skin and
hair well [110,138,139], i.e, the excretion of
6H5MI2C in urine is greater with the genetically
determined darker skin types (l11, V) than with the
fair-skin type (11). No 6H5MI12C has been found in
the urine of abino patients and abino mice [118].
Presumably a seasonal dependence of the excretion
of 6H5MI2C exists. This has been found in serum,
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but it is ill weaker than by 5-SCD and does not
correlate with the intensity of solar radiation [115].

No correlations between 5-SCD and 6H5MI2C
have been found with the different skin types, either
in urine excretion or in serum concentration
[105,118].

Both single 5H6M12C and the sum of 5SH6MI12C+
6H5MI2C in urine and serum correlate very well
with the tumour mass of B16 murine melanoma
[101,102]. Wakamatsu et a. confirmed this observa-
tion for urine but not for serum [104].

In a study, 77 random spot urines of 91 melanoma
patients in all stages (85%) had a normal excretion
of 6H5MI2C but this did not correlate with the
prognosis of the patients [23]. In another study, only
52% of the melanoma patients in stages 111 and IV
had increased random spot urine excretions of
6H5MI2C (5SCD: 83%). This did not show a
correlation with the survival rate [96]. The 6H5M12C
concentration in the serum exceeded the normal
values only in three of nine melanoma patients with
metastases and therefore does not reflect the pro-
gression of the melanoma [107]. On the other hand,
Hara et al. found that plasma 6H5MI2C correlates
very well with the stage of melanoma patients and
with tumour thickness, much better than 5-SCD
[120].

The melanoma-related indole derivatives were not
investigated as frequently as 5-SCD, and of the
relatively few studies most were carried out for urine
samples and with mostly quite low sample numbers.
Systematic investigations, also with hydrolyzed urine
samples, are missing.

Altogether, the suitability of 6H5MI2C, as the
most important indole substance as a marker of
malignant melanoma seems unquestionable. This is
because increased values of this compound in urine
and plasma of melanoma patients have been found.
The elevated levels are dependent on the stage of the
melanoma, i.e., the metastasis. But the specificity as
well as the sensitivity has not reached that of other
markers, especialy 5-SCD. And some contradictory
results have been obtained. Probably one reason for
this is that 6H5MI2C is extremely sensitive to
oxidation, even more than 5-SCD (unpublished result
in Ref. [105]). This sensitivity has not been mirrored
in the applied procedures for pretreatment and
analysis.

The renal clearance of 6H5MI2C shows a very
great variability. One reason for this could be that
the indole derivatives in urine are very dependent on
the conditions of conjugation [136]. 6H5MI12C and
other O-methylated derivatives are formed in
melanocytes or hepatocytes by COMT [140]. There-
fore, the activity of COMT can have a significant
influence on their turnover.

2.4. Reference values of some melanoma-related
cysteine and indole derivatives

Table 2 presents a survey of normal values and
some pathological values of the discussed sub-
stances. For many of these compounds seasonal
variations are known or expected. No evaluation was
carried out for analytical methods. Sex-dependence
of 5-SCD and 6H5MI2C excretion, athough dis-
cussed, could not be significantly confirmed
[97,141]. This aso concerns a suspected age-depen-
dence [85,105]. Normal values for 5-SCD and
6H5MI12C for children in random spot urine can be
found in Ref. [142].

3. Analysis in the clinical laboratory

For the determination of substances in biological
materials and aso in cases of melanoma-related
cysteine and indole derivatives, a sample pretreat-
ment precedes the actual analysis. This contains the
removal of disturbing matrix substances, usualy
proteins and the enrichment of trace components or
both, respectively.

The concentrations of the melanoma-related cys-
teine and indole derivatives are relatively low. This
means, firstly, that a sufficient analytical sensitivity
is required. However, modern chromatographic sys-
tems have this required sensitivity, at the latest with
the use of M S detection. Under these prerequisites, it
seems even more important to reach a sufficient
analytic specificity, so that clear and correct findings
can result — especially if it is such a sensitive
parameter like a tumour marker.

However, the *‘correctness’ of analytical results
includes even further criteria: is the specimen the
right sample materia with the right additives? Has
the material been obtained, transported and stored
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Table 2
Normal values and some pathological values of melanoma-related cysteine and indole derivatives
Substance Matrix Concentration/excretion Comments/ references
5-SCD Urine (NP) <150 ng/die Normal range Japanese subjects [92]
150-400 p.g/die Border range Swedish subjects [97]
(MW. 316 g/moal) >400 pg/die Pathologica range
5-SCD Urine (NP) Mean: 142 pg/die 0 mean: 450 nM/die n=33, Japanese subjects, late
autumn [105]
5-SCD Urine (NP) Mean: 296 pg/die Maximum in August n=10, Japanese subjects [143]
Mean: 141 pg/die Minimum in February
5-SCD Urine (NP) Mean: 87 pg/die 0 mean: 275 nM/die n=76, Swedish subjects,
autumn [85]
5-SCD free Urine (NP) 89+79 pg/die (mean=SD) n=45, [76]
5-SCD tota 230106 pg/d (mean=SD) Enzymatic hydrolysis with
retio total /free Urine (NP) 2.58 glucuronidase+arylsulfatase
ratio total /free Urine (MP) 1.36+0.29 (mean=SD) n=10 [76]
5-SCD Urine (NP) <70 nuM/M creatinine n=71, Swedish subjects [96]
5-SCD Plasma (NP) <5 nM/I Normal range n=20, German subjects [108]
5-10 nM/I Border range
>10 nM/I Pathologica range
5-SCD Serum (NP) Mean: 4.3 nM/I n=233, Japanese subjects, late
<10 nM/I Normal range autumn [105]
5-SCD Serum (NP) Mean: 8.9 nM/I n=20, Swedish subjects [87]
5-SCD Plasma (NP) 1.2+0.9 nM/I (mean=SD) n=231, Japanese subjects [144]
5-SCD Plasma (NP) Mean: 12 nM/I Maximum in June n=9, Scottish subjects [109]
Mean: 6 nM/I Minimum in December
5-SCD CSF (NP) Not detectable
CSF (MP) 160 pg/l (brain metastases) n=1 [145]
5-S-cysteinyl- Urine (NP) 20+9.1 ng/die (mean=SD) n=12, Swedish subjects [146]
dopac
6H5M12C Urine (NP) Mean: 38 uM/M creatinine n=10, Swedish subjects [131]
(MW. 207 g/mol) (range 6-76 wM/M creatinine)
6H5M12C Urine (NP) 390+320 nM/die (mean=SD) n=233, Japanese subjects,
late autumn [105]
(6H5MI2C + Urine (NP) 890270 nM/die (mean=SD) n=9, Japanese subjects [95]
5H6MI12C)
6H5MI12C Serum (NP) 3.6+1.8 nM/I (mean=SD) n=33, Japanese subjects,
late autumn [105]
5,6DHI2C Urine (NP) 11-41 nM/I n=3 [147]
Urine (NP) 28 nM/1 (5.4 ng/l) [148]
Urine (MP) 16.6 wM/1 (3200 pg/l) n=1 [147]
5H6MI2C Urine (MMP) 17.9 puM/I n=1 [136]
6H5MI12C Urine (MMP) 5.3 pM/I n=1 [136]
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Table 2. Continued

Substance Matrix Concentration/excretion Comments/ references
5H6MI2C- Urine 332 pM/I n=1 [136]
ester-glucuronide (MMP)

5H6MI2C- Urine 7 uM/I n=1 [136]
5-O-sulphate (MMP)

6H5M12C- Urine 199 pM/I n=1 [136]
ester-glucuronide (MMP)

6H5MI2C- Urine 27.5 pM/I n=1 [136]
6-O-sulphate (MMP)

NP, healthy normal persons; MP, melanoma patients; MMP, patients with metastatic melanoma (if it not noticed otherwise, the compounds

were analyzed without acid or enzymatic hydrolysis).

correctly? Have necessary required restrictions, e.g.,
diet or medication been adhered to by the patient?
And if not, which influences does this have on the
measured result? Unfortunately, these side conditions
frequently do not get the attention they should. They
can falsify the actual measurement result signifi-
cantly and so these conditions often have a co-
decisive importance for the interpretation of the
results. For the laboratory, such conditions are either
difficult or only partly possible to quantify. There-
fore they should be seen as an integral part of an
analytical method.

3.1. Sample collection

From the chemical and biomedical point of view,
the melanoma-related cysteine and indole derivatives
are extremely sensitive to light and oxidation.
Besides this more verbal statement by many authors,
aso systematic examinations of these properties
were carried out. This statement has been confirmed
and detailed information has been received
[108,149-152]. This requires that the sensitivity
must be taken into account in the complete analytical
procedure, to avoid false interpretations of the mea-
sured values.

3.1.1. Urine

There are two possibilities for sampling, the use of
random spot urine (related to the creatinine con-
centration) or collection of 24-h urine. For many
laboratory parameters, like the catecholamines and
their metabolites, it is usual to collect 24-h urines,
because the biological variability in 24-h urines

seems to be the lowest. So generaly, it can be
recommended to collect 24-h specimens of urine.
Independent if random spot urines [23,96,142] or
24-h urines [92,100,111] are used, precautions have
to be met, so that the analyzed substances are not
oxidized or decomposed before the analysis is per-
formed. Kagedal et al. published a systematic in-
vestigation on the stability of 5-SCD and 6H5M12C
in urine at different collecting and storage conditions
[152]. The most suitable proved to be the addition of
acetic acid to a pH vaue of 3—4, with or without
addition of sodium disulfite and storage at —20°C
(see Table 3).

Baars et al. [153] observed an interesting effect on
the stability of 5-HIAA. He found in urine acidified
with HCI to pH values <2, significant quantities of
5-HIAA will be destroyed. It has to be expected that
aso other indole derivatives behave similarly.

Generally, the following conditions for collecting
a 24-h urine can be recommended: (i) light protec-
tion, (ii) addition of 50 ml acetic acid and 1 ¢
sodium disulfite into the 2-1 collection vessel imme-
diately after acquiring the first urine portion, (iii)
cooling of the urine during the whole collecting
period, (iv) after finishing the collection immediate
freezing of the aliquot at —20 °C, (v) thawing of the
urine in the dark at 4-8°C.

3.1.2. Plasma

In comparison with urine, the concentrations of
the melanoma-related cysteine and indole derivatives
in plasma or serum are approximately 100 times
lower. This means that for plasma analyses improved
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Table 3

Stability of 5-SCD (n=7) and 6H5MI12C (n=6) in urine with different additives: (1) acetic acid to pH 4; (2) sodium disulfite, pH 3—4; (3)

thymol /isopropanol; (4) no additives, pH 3-7.5

5-SCD -20C +41t0 +8°C +20°C

1 2 3 4 1 2 3 4 1 2 3 4
1 week 95+5 94+5 91+7 92+6 97+3 92+4 75+37 79+36 96+11 91+4 58+37 50+45
2 weeks 99+4 95+4 94+6 92+8 100+6 97+4 73+34 78+40 95+17 94+5 22+33 32+39
3 weeks 968 92+11 91+8 8615 99+10 94+11 69+36 78+47 8416 87+13 8x20 2035
4 weeks 1017 98+8 90=18 88+18 102+15 94+6 62+38 72+48 - - - -
8 weeks 99+7 977 87+23 87+16 94+5 91+12 52+38 55+40 - - - -
6H5MI2C
1 week 98+8 99+10 95+9 89+9 84+7 92+9 88+16 86+10 - - - -
3 weeks 9610 105+14 86+17 82+16 73+6 97+14 9425 102+40 - - - -
5 weeks 98+10 10422 97+8 93+12 69+11 99+19 110+62 116+75 - - - -

Results are given as means=SD (%). From Ref. [152], with permission.

precautions must be taken against degradation of
these substances.

The question of whether serum or plasma should
be preferred is raised. In clinical practice serum is
the material most frequently used, but is formed only
slowly. The drawn blood must be left standing for
some time. In published works of studies and
methods, the sample collection and storage con-
ditions were given only little attention. Serum with-
out additives was usually used for the analyses. After
coagulation and centrifugation of blood, sera were
frozen (—20 to —80°C). In an early work [87], an
oxidation protection substance was added to the
serum, but it was stored 3 h at room temperature
before freezing.

The key event for us was the 5-SCD analysis of
samples in a preliminary study. These 134 serum
samples of melanoma patients in the stages Il and
IV were collected under “normal” clinica condi-
tions. That means collection without temperature,
oxidation and light protection, thawed and frozen
several times. As can be seen in Fig. 3a, only 11 of
these samples (8%) showed a measurable 5-SCD
peak, mostly only a little over the detection limit.
Only one sample had a dlight pathological value. In
comparison, Fig. 3b shows 5-SCD concentrations of
134 plasma samples of random melanoma patients of
all stages, collected and analyzed with consideration
for all protective measures [108].

In 1999 we published the results of a systematic
examination of parameters influencing the measured
values of 5-SCD in plasma [108,154]. It could be

clearly shown that not only during sample pretreat-
ment and analysis must the light and oxidation
sengitivity of 5-SCD be taken into account, but
aready in the pre-analytical phase during sample
collection. As shown in Fig. 4, a waiting period for
EDTA-blood of 3—4 h at 4-8°C in the dark, despite
addition of sodium disulfite, led to a clear decrease
of 5-SCD concentration in comparison with an
immediate centrifugation and freezing of the plasmas
(average, —17%, single values up to —40%). The
addition of sodium disulfite as an oxidation protec-
tion substance here helped marginally. It was not
explicitly investigated if other substances (e.g., as
corbic acid, GSH, dithiothreitol [109] or cysteamine)
are much more effective for this purpose. In our
experience, that should not be expected with certain-
ty. In any case, the addition of an oxidation protec-
tion substance is a step in the right direction.

The importance of an immediate injection of the
SPE eluate into the HPLC is shown in Fig. 5. After
merely 1 h in a norma autosampler, 5-SCD con-
centration decreased from pathological to border/
normal range.

An investigation into the influence of the storage
temperature and duration showed no significant
differences for 5-SCD in plasma between —20 and
—80°C. Eight measurements were carried out at each
temperatures in the course of 2 months [108].

A repeated thawing (in the dark at 4—8°C, 5 times
within 23 days) and freezing (—80°C) of plasma
samples with normal 5-SCD concentrations did not
lead to any significant decrease of the 5-SCD values
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Fig. 3. Significance of pre-analytical parameters for correct results for 5-SCD in plasma. Analysis was performed according to Ref. [108]
(from Ref. [154], with permission). (8) 5-SCD concentrations in 134 serum samples from a preliminary study of melanoma patients (stage |11
and V), collected under ““norma’” clinical conditions, i.e., without temperature, oxidation and light protection and thawed and frozen
several times. (b) 5-SCD concentrations in 134 random plasma samples of melanoma patients (stages |-1V), collected considering al known

influence factors.

(J. Hartleb, unpublished results, 2001). No differ-
ence, furthermore, could be noticed between the
5-SCD dtahility in EDTA— and heparin—plasma
(each with the addition of sodium disulfite) (J.
Hartleb, unpublished results, 2001).

The diurnal and seasonal variations of the 5-SCD
concentration in plasma were only low (see Ref.
[109] and Section 2.2).

For the blood collection the following procedure

can be recommended: (i) blood should be drawn by
venipuncture into vacuum tubes containing EDTA or
heparin, (ii) immediate centrifugation of the blood, if
possible at 4°C, (iii) immediate transportation of the
plasma into a new tube containing 100 wl 0.5 M
sodium disulfite and up to 100 pl of 0.2 M EDTA,
(iv) immediate freezing of the plasma at a minimum
of —20°C, (v) thawing of the samples in the dark at
4-8°C just prior to the actua analysis.
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Fig. 4. Relative changes of 5-SCD plasma concentrations of melanoma patients after a 3—4-h waiting time in the dark between blood
collection and centrifugation. Analysis was performed according to Ref. [108] (from Ref. [154], with permission).
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Until now similar investigations for the indole
derivatives in plasma have not been performed.
Going from the results for 5-SCD in plasma and for
6H5MI12C in urine [152], it can be concluded that for
the protection of the indole derivatives in plasma
similar measures are necessary as for 5-SCD.

31.3 Cedl and tissue samples

Cysteine and indole derivatives in tissue and cell
samples are not measured routinely as markers of
malignant melanoma. However, measurements in
these matrices are very important to elucidate the
metabolism of these substances and for characteriza-
tion of this and other skin diseases. Here a brief
summary is given.

Normally, the cell or tissue samples are homogen-
ized (mechanical or with ultrasound) in a 5-10-fold
volume of 0.4 M HCIO, or HCI and then centrifuged
at high g-values. The supernatant is partly directly
injected into the HPLC system [104,151], partly
further processed, as described for urine and plasma
samples, and only then it is injected [99,155-157].
In the analysis of biopsy samples of dysplastic nevi
with the sample pretreatment technique, described in
Ref. [158], Halldin et al. [155] could observe no
decomposition of added 5-SCD. However, at this
point, the work by Fornstedt et a., who investigated
brain samples, should be referred to [157,159,160]. It
was observed, auto-oxidation processes and forma-
tion of some substances (e.g., 5-cysteinyl-dopamine)

can occur in the samples during the sample pretreat-
ment. This was the case, if particular protection
conditions were not performed. To the acid used for
homogenization (0.1 M HCIO,), sodium disulfite,
ascorbic acid, dithiothreitol and DTPA (not EDTA)
had to be added and the complete sample pretreat-
ment had to be carried out as far as possible in an ice
bath.

3.1.4. Sandards

Details on the stock solutions of the substances
and their stability are found only in some publi-
cations. This is surprising, considering these com-
pounds are not available commercialy (except for
diluted working solutions of 5-SCD).

For stock solutions of the cysteine derivatives,
preferably of 5-SCD, HCl is almost exclusively used
as solvent. The concentration of the HCl was in the
range from 0.01 M [108] up to 2 M [141]. Oxidation
protection additives, e.g., 100 mg/l ascorbic acid
[161] or 1 g/l sodium disulfite with 1 g/I EDTA
[162], are only seldom added. The concentrations of
the stock solutions varied from 0.6 mM/I [108] up to
2.75 mM/l [141]. These 5-SCD solutions, stored
frozen, were stable for several months up to 2 years
[141].

This relative stability of the frozen stock solutions
was not found, however, in the more diluted working
solutions, especially not at room temperature. Under
these conditions, a relatively fast decomposition of
the substances takes place. Interestingly, in Ref.
[163] it was found that the addition of 5 mM/I
sodium disulfite to a working solution of 5-SCD in
0.1 M of acetate buffer (with 0.2 mM/I EDTA, pH
4.0, room temperature) reduces the stability of the
standard.

Good experience regarding the stability of the
working solutions were obtained by the use of 1
mM/l HCI (with 5 mM/l EGTA and 4 mM/l GSH)
and cooling at 4°C [108]. Ito et al. found, that the
hydrolytic stability of 5-SCD was dramatically in-
creased by the addition of 50 mg each of bovine
serum albumin (BSA) and cysteamine-hydrochloride
[151].

It can be recommended that stock solutions of the
cysteine derivatives, with concentrations of approxi-
mately 1 mM/Il in 0.01-1.0 M HCI, should become
aliquoted in suitable volumes and then frozen. For
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working solutions, to avoid hydrolysis, a less acidic
pH value (approximately pH 3—4) should be chosen.
For each analysis, an aliquot of the stock solution is
thawed and diluted freshly and immediately pro-
cessed, if possible, under cooling. Stabilizing addi-
tives to the working solution, like EDTA [141], GSH
or cysteamine, are advantageous.

For the indole derivatives, virtualy no details on
the preparation conditions of the stock and working
solutions could be found. Only in Ref. [135] was it
published that the different stock solutions in EtOAc
were stored at —40°C under nitrogen. A possible
reason for the lack of information is that all indole
substances must be synthesized and so are available
as solids. For the analysis they then become dis-
solved in suitable solvents, keeping in mind the
following sample pretreatment and analysis tech-
niques.

No details of the stability of the stock and working
solutions were found, not even for the indole deriva-
tives most frequently used (5H6MI2C and
6H5M12C). Exceptions are only notes, that 5,6DHI
is not stable during enzymatic hydrolysis and in
working solutions [135], and that the decomposition
of O-sulphates of 5H6MI12C and 6H5MI12C in 0.4 M
HCIO, was less than 5% after 3 h at 25°C [102].

32 Yynthesis

With only one exception, the here-discussed sub-
stances are not available commercially. Therefore the
necessity of synthesis exists. So the synthesis meth-
ods used are briefly discussed. Only 5-SCD, as a
dilute solution (e.g., 20 pg/1), has been commercially
available in the last few years (e.g., from Recipe,
Miinchen, Germany).

321 Synthesis of cysteine derivatives

The first syntheses of 5-SCD were described by
Prota and Nicolaus in 1967 [78]. Here the N-acetyl-
L-dopa-ethylester was oxidized with silver oxide.
The addition of L-cysteine and acidic hydrolysis
yielded mixtures of 5-SCD and 2-SCD, which could
be separated by column chromatography with cation-
exchange resin. These syntheses, however, were
quite expensive and 5-SCD was obtained with only
low yields (35%) [164]. An improvement of this
method led to yields of 70% for 5-SCD [165].

Agrup et al. [88] and Ito and Prota [166] published

simple synthesis possibilities with practical quantita-
tive yields by using mushroom tyrosinase: L-dopa
reacted with L-cysteine in 0.05 M phosphate buffer at
room temperature in the presence of tyrosinase. After
30-45 min, the reaction was disrupted by a change
in the pH value to pH 1. The purification of the
reaction mixture was carried out onto a cation-ex-
change column and using HCI as eluent. The com-
pounds 5-SCD:2-SCD:6-SCD:2,5-SSCD were yield-
ed in the ratio of approximately 74:14:1:5%. Gradual
improvements in this enzymatic synthesis route were
later reached [167] by bubbling the reaction mixture
with nitrogen, by allowing a distinct longer reaction
time (up to 12 h), by changing the pH value dlightly
(to pH 6.5) [168], by increasing buffer concentration
(0.5 M) and more tyrosinase activity. Besides 5-S-L-
cysteinyl-L-dopa (5-SCD), the two diastereomers 5-
S-L-cysteinyl-p-dopa and 5-S-p-cysteinyl-L-dopa (p-
CD) were also synthesized in [168]. The importance
of p-CD lies in its use as an ‘‘ided” interna
standard.

Further enzymatic syntheses of related substances,
such as 5-S-glutathionyl-dopamine [169], 5-S
glutathionyl-dopa and 5-S-cysteinyl-glycine-dopa
[170], 5-S-cysteinyl-glycine-dopac [146] and 5-S
cysteinyl-methyldopa [162], were published. The
latter substance was described also as a very suitable
I.S.

Alternative synthesis routes without the expensive
tyrosinase were found by Chioccara and Novellino
[171]. The oxidation of dopa was performed in the
presence of cysteine by means of adding aqueous
sulphuric acid and ceric ammonium nitrate under
nitrogen. After purification onto a column with
cationic exchange material and recrystallization, the
yield of 5-SCD was 57% and thus quite high.

It is noted that with the three synthesis methods
described in Ref. [165], some other cysteine deriva-
tives were obtained, such as cysteinyl-catechols,
cysteinyl-phenols,  cysteinyl-histidine, cysteinyl-
tyrosine and 5-S-cysteamine-dopamine.

322 Yynthesis of the indole derivatives

Synthesis routes for 5,6DHI and 5,6DHI2C and
their monomethyl analogues were among others
described by Benigni and Minnis [172], however
they were relatively expensive. Besides these sub-
stances Pavel and Muskiet also prepared the corre-
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Fig. 6. Synthesis scheme of the preparation of some melanoma-
related indole derivatives (from Ref. [174], with permission).

sponding deuterated analogues (standards for GC—
MS) [173].

Wakamatsu and Ito criticized an insufficiently
detailed description in [173], publishing in 1988
simplified synthesis routes for six substances [174],
starting with dopa or with commercially available
O-benzy! derivatives. The synthesis methods allowed
the production of milligram to sub-gram quantities of
the compounds. A scheme of these synthesis routes
can be seen in Fig. 6.

The preparation of the two dimethoxy derivatives
5,6DMI and 5,6DMI2C was aready described in
1927 by Oxford andRaper [175]. Synthesis methods
for the preparation of 5,6DHI-5-O-sulphate, 5,6DHI-
6-O-sulphate and 5,6DHI-5,6-O,0-disulphate, as
well as their methylation products have been de-
scribed in Refs. [128,129,136].

4. Sample pretreatment
4.1. Sample pretreatment of cysteine derivatives
5-SCD is the most important compound of the

melanoma-related cysteine derivatives. It has, like
the catecholamines, the amino acid dopa and other

substances, two neighbouring hydroxyl groups at the
phenyl ring. Since the work of Anton and Sayre in
the 1960s [176,177] on the selective adsorption of
substances with cis-diol groups onto alumina at pH
8.6, this pretreatment and enrichment technique has
become a substantial part of the biochemical analysis
methods. The unique and dlightly accessible selec-
tivity of this reaction, and the simultaneous great
stability of the formed complex, is impressive even
today and still has an important place in the sample
pretreatment techniques. Also later developments,
like modified boronic acid derivatives on affinity gels
and on silica in SPE materials, work on the same
principle.

The number of variants in the sample pretreatment
of 5-SCD and similar substances is small. It is not so
important from which matrix the sample pretreat-
ment is carried out. The observed effects and in-
fluences refer more to the pretreatment medium than
to the biological matrix. Unless otherwise mentioned,
a HPLC separation aways followed the pretreatment
procedure.

4.1.1. Sample pretreatment with alumina

The early extractions for the determination of
5-SCD from the years 1972/73 [80,81] were per-
formed with the method by Anton and Sayre
[176,177]. The recovery of 5-SCD after this ex-
traction method (followed by fluorometry) was only
37% for urine [84] and 55% for cell extracts [81].
Using this pretreatment technique, plasma samples
were also investigated. But 5-10 ml plasma were
needed for each analysis and the extraction preceded
a protein precipitation. The recovery for 5-SCD was
not sufficient, a value of 31% was given (71% for
dopa and 81% for the I.S. isoproterenol).

For the improvement of the specificity of the
sample pretreatment, the urines were pre-cleaned on
a short column with a strong cation-exchange resin
before the alumina extraction. As can be seen in Fig.
7, a substantial cleaner chromatogram was then
obtained [141]. The relative recovery was 105%, the
absolute one was not given. As|.S. atritium-labelled
5-SCD was used. Problems with the stability of the
extracted samples in the autosampler could be solved
by the addition of 20 mM/I EDTA to the desorption
acid.

Ito et al. published in 1984 an extraction method
[144] for 5-SCD in plasma, urine and tissue samples,
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Fig. 7. HPLC chromatograms of a urine from a patient with malignant melanoma (from Ref. [141], with permission): (A) the urine was
pretreated only on AG 50 W-X8, (B) the urine was pretreated only on alumina, (C) the urine after pretreatment with the combined extraction

methods.

which became the standard method for many work-
ing groups worldwide for many years. This method
works with only 1 ml plasma or 100 pl of urine or
tissue extract. Besides 5-SCD, dopa and dopamine
could be estimated. The methodical improvements
consisted of: (i) the extractions being performed in
substantial smaller vessels (1.5 ml, conic bottom),
(ii) the amount of alumina being reduced to 50 mg,
(iii) Tris buffer being used for adjustment of pH
value to 8.6 and (iv) the elution being done with only
150 pl 0.4 M HCIO,. To remove some chromato-
graphic disturbing peaks, the urines had to be pre-
cleaned by an acidic LLE with EtOAc. For plasma
samples, there was no need for a deproteination. The
absolute recovery for 5-SCD could be increased to

70%, the relative recovery was 93% for plasma and
99% for urine. A LOD of 0.16 nM/l was given.
a-MD was used here as an |.S. After this extraction
method very long chromatographic running times
were necessary because of late interfering peaks. By
an additional washing step during alumina extraction
this time could be reduced to 45 min [162]. 5-S
Cysteinyl-a-MD was proposed as a more suitable
I.S.

Scheibl et al. [178] could increase the absolute
recovery of 5-SCD in plasma to 85% by the use of
0.2 M H,PO, instead of HCIO, for elution. Simul-
taneoudly, through this the stability of 5-SCD in the
eluates was improved (1.S.: «-MD).

By these latter works it became clear that the
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Fig. 9. Separation of a standard mixture of compounds of interest after injection into the boronate column and chromatographed after
column switching on the reversed-phase column (from Ref. [163], with permission).

relatively low absolute recoveries for 5-SCD were
not caused, as suspected in earlier works, by the
akaline pH value of 8.6 during sample pretreatment,
but by unsuitable technical handling. This aso
corresponds with our own experience (J. Hartleb,
unpublished results, 2001).

Finaly, with regard to the alumina extraction
technique, the following has to be noted: (i) it is easy
to handle, with no additional costs and therefore
commonly used, (ii) it is manually very extensive,
and cannot be automated, therefore it is unsuitable
for large sample series, (iii) the specimens are
always processed without light protection, (iv) it isa
batch-procedure, i.e., every sample has other pre-
treatment conditions and waiting periods up to

injection. This is, particularly for sensitive sub-
stances, a substantia disadvantage, especialy if
plasma samples are processed.

4.1.2. Sample pretreatment with modified boronic
acid affinity gels

In 1983, Kagedal and Pettersson reported on good
experience with a sample pretreatment onto
phenylboronate affinity gel of urine [158] and serum
samples [179]. A quantitative adsorption of 5-SCD
has already resulted with pH values =5.6, which
indicates further interactions between the gel and the
analyte. Also, here the elution is performed with
acids (pH=3). The urines had to be pre-cleaned by a
cation-exchange resin column. As an 1.S. b-CD was

Fig. 8. Extraction and separation scheme with usage of an automated valve station (from Ref. [163], with permission). Both the
high-pressure valves (1 and 2) and two of the three low-pressure valves (4 and 5) were used. Valve station from Waters, USA. Upper panel:
plumbing for automated analysis of 5-SCD. Key to the lower panel: operation cycle of the automated determination of 5-SCD. Solid lines
indicate mobile phase Il (pH 3.0) and dotted lines indicate mobile phase | (pH 6.0). (@) Sample is introduced into and adsorbed onto the
boronate column. Interfering compounds are washed away for 8 min. (b) The flow direction of the boronate column is reversed, and mobile
phase Il desorbs 5-SCD for 0.7 min. (c) Desorption is completed, and 5-SCD is chromatographed on the analytical column. (d) 5-SCD has
now been detected. The high-pressure valve | is switched so that the boronate column can be washed for 3 min with mobile phase I1. (€)
Re-equilibration for 10 min of the boronate column is started. (f) The system is now ready for a new injection.
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used. A relative recovery of 97% could be reached, realized by column switching. Using this method,
the absolute one is indicated as quantitative. specimens of 100 wl uringe, but only urine, could be

In an improvement of this technique Hansson and injected directly. Besides 5-SCD, 2-SCD, 6-SCD and
co-workers [163,180] published an automated ex- 2,5-S,SCD also 5-S-cysteinyl-glycine-dopa and 5-S

traction method with a subsequent HPLC separation, glutathionyl-dopa could be analysed. The enrichment

’ Intra-assay series A ] Intra-assay series B
l (SPE: 4 °C, darkness, nitrogen) ‘ (SPE: 4 °C, darkness, air)
_10 . 16
Zs 214
a [a)
O 6 - 1
3 o012
B, [T S T\ 0
4" ~ e =] 10 |
s §
%2 88
"E ‘E 8 Wv—w
R e 3 6 N A A
c T O ONOOD—®MWOLNOD—OIWN~NOD g L ¢ ¥~ % o v N
° 9 - - - - - N N N NN ° \
o - S 4+
© ©
E 4 . E 2]
E measurepoint number & measurepoint number
25 2 0 et
M N O - MO WL N~NOOO MWL NSO
~ - v = v~ (N N N N (N
— conc. 5-SCD, L.S. D-CD, mean + SD: 4.8 +0.13 pg/l, RSD: 2.8 % ——conc. 5-SCD, I.S. D-CD, mean + SD: 6.9 +0.26 pg/I, RSD: 3.8 %
——conc. 5-SCD, 1.S. aMD, mean + SD: 4.4 +0.37 pg/l, RSD: 8.6 % ——conc. 5-SCD, I.S. aMD, mean + SD: 5.9 £ 0.67 pg/l, RSD: 11.4 %
J _ . o .
Intra-assay series C Intra-assay series D
| (SPE: 4 °C, day-/lamplight, air) (SPE: 22 °C, day-/lamplight, air)
16 - 16
214 D14 -
o a
012 ¢ o121
ﬁ @
S 10 1 P "\ 2 10 i
T8 e A 2
£ NG g8
c N T
o 6 4 v [
8 . 8 6
S0 :
o 4 o 4 -
£ £
g 2 measurepoint number a 2} measurepoint number
| [ S — et — 'E'OHH...HH
CT MO N O ®MOUNO - ®OWN® - o e e o e oo
- - v - - N N N NN m“”‘c"_gﬁtgwgﬁag

——conc. 5-SCD, I.S. D-CD, mean + SD: 8.2 + 0.49 pg/l, RSD: 6.0 % —conc. 5-SCD, 1.S. D-CD, mean + SD: 6.5 £ 1.23 pg/l, RSD: 19.1%
—conc. 5-SCD, I.S. aMD, mean + SD: 8.1 + 1.28 pg/l, RSD: 15.7 % ——conc. 5-SCD, I.S. aMD, mean + SD: 13.2 + 1.81 pg/l, RSD: 13.7%

Fig. 10. The precision, correctness and course of 5-SCD concentrations in the intra-assay series A—D in plasma samples () after extraction
processes with various conditions of temperature (b), light (c) and air—oxygen (d) and comparison of the suitability of two internal standards.
(@ In each of the series A—D another plasma was used; (b) temperature of ASPEC; (c) ASPEC racks are protected from light or not; (d)
pressure gas, used for complete passage of solutions during SPE on the ASPEC (from Ref. [108], with permission).
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material was acetylated boronic acid, bonded to
silica (Pierce, Sweden). Details of this system and a
chromatogram, resulting from this technique, are
shown in Figs. 8 and 9.

For 5-SCD the absolute recovery after the boro-
nate column was 92% and the relative recovery after
the complete analysis was 93.5%. No |.S. was used,
because p-CD and dopamine showed the same
retention time. But, because of the nearly quantita-
tive recoveries, there should be no need to use an |.S.
[163]. Twenty-five urine samples could be analysed
per day.

Summarizing this extraction technique, it can be
stated: (i) it is a very suitable method, it shows
nearly quantitative absolute and relative recoveries
for urine samples and is thus better than alumina
extraction, (ii) it offers the possibility of automation,
i.e, lower manual effort, analysis of larger sample
series, better protection against decomposition, more
identical pretreatment processes for all samples, (iii)
it requires additional HPL C equipment (second pump
and column switching valves), (iv) up to this time it
is not clear if this automated method is also suitable
for analysis of the more meaningful plasma samples.

4.1.3 Sample pretreatment with solid-phase
extraction

In 1988, Huang et a. introduced the SPE tech-
nigue in the sample pretreatment of 5-SCD in urine
[161]. For this purpose they used two commercial
silica-based SPE materials, a strong cation-exchange
(SCX) and a phenylboronic acid material (PBA),
both from Analytichem (USA). In the first step the
urines were loaded onto the acidic conditioned SCX
cartridges and washed. Then the substances were
eluted with 1 M K,HPO, directly into the pre-
conditioned PBA cartridges. After one more washing
with water, 5-SCD was desorbed with 0.5 ml 0.1 M
HCI (with 10 mg/I ascorbic acid). p-CD was used as
an |.S. For 5-SCD a relative recovery of 96% and a
LOD of 16 nM/I was found. No details were given
about the absolute recovery.

The sample pretreatment by means of SPE has
several advantages. The bonded-phase silica materi-
as, in comparison to affinity gels, show a much
better bed stability. This improves the reproducibility
and saves time, because faster flow-rates of the
solvents can be realized. Time-saving is possible by

the simultaneous sample pretreatment of severa
specimens with the SPE vacuum station (at least 80
samples could be extracted per day). The cartridges
can be used repeatedly [161]. Only urine samples
were analyzed, no information was given about the
suitability of this SPE technique for plasma samples.

In 1999 our working group published a new
method for an automated determination of 5-SCD in
plasma and urine, which overcame nearly al dis-
advantages of previous methods in sample pretreat-
ment and analysis [108]. The sample pretreatment
and immediate injection was carried out by means of
an automatic SPE workstation ASPEC XLi (Gilson,
France, and Abimed, Germany), which is the pre-
requisite of this method. As SPE material PBA was
exclusively used, which yielded a sufficient selectivi-
ty. The very suitable p-CD served as |.S. Further-
more, this method is characterized by (i) cooling of
al samples which were not in processing, (ii)
extensive light protection during the sample pretreat-
ment, (iii) use of nitrogen instead of air—oxygen and
vacuum, respectively, during the SPE, (iv) minimal
sample requirements (1 ml plasma, 50 wl urine), (v)
large sample throughput (every 30 min a hew sample
can be analysed) and (vi) gaining amost identical
analytical conditions for every sample as a result of
automation. The relative recovery for 5-SCD in
plasma and urine was 104%, the absolute recovery
only 50%. The LOD in plasma was determined to be
0.44 nM/I. In this work, both pre-analytica and
pretreatment parameters were investigated and their
influence on the measured 5-SCD concentrations in
plasma were shown (Fig. 10). In Fig. 11 a chromato-

ECD-
response

Time (min)

Fig. 11. Chromatogram of an extracted plasma sample of a
healthy normal person (5-SCD plasma concentration 2.5 nM/I; the
sample was analyzed according to Ref. [108] (from Ref. [154],
with permission).
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gram of a plasma sample of a healthy normal person,
analyzed according to Ref. [108], is given [154].

4.2. Sample pretreatment of indole derivatives

4.2.1. Sample pretreatment for GC analysis

The majority of melanoma-related indole deriva-
tives, with their polar functional groups, are quite
unstable. They are dlightly subject to an oxidation or
polymerization [135], particularly the unconjugated
substances. Therefore, GC-direct injection tech-
niques, like headspace injections, are completely
unsuitable. It is necessary to increase the thermal
stability and volatility of these substances by de-
rivatization.

For the investigations, urines were primarily used,
cell extracts were rarely used [137]. Mostly LLE was
used as extraction technology in early works with
paper and thin-layer chromatographic analyses, as
well as later with the GC. EtOAc [134,181] or
diethylether [128,129,135] served as solvent. An
acidic pH value was adjusted for the extraction of the
indole carboxylic acids and a neutral pH value for
the extraction of the neutral indoles. Sometimes
a column-chromatographic pre-purification with
DEAE-cellulose [128,129] or with poly-N-vinyl-
pyrrolidon (PVP) [127] or a TLC preceded the LLE.
Depending on the aim of the investigation, an
enzymatic hydrolysis for decomposition of the conju-
gates was integrated into the pretreatment procedure
(using of B-glucuronidase, arylsulphatase or Helix
pomatia juice).

The derivatization before the injection into the GC
was performed mainly with PFPA (for hydroxyl
groups) and/or HFIP (for carboxyl groups)
[128,129,135,137], but also a trimethylsilylation with
BSTFA [127,134], tert.-butyldimethylchlorosilane-
imidazole [127] or methyl-8 with Tri-Sil/TBT
(Pierce, USA) [181] was carried out.

4.2.2. Sample pretreatment for HPLC analysis

The number of publications on the analysis of
melanoma-related indole derivatives by means of
HPLC is quite low. The sample pretreatment was
deduced from GC methods.

Pavel et a. first published a complete HPLC
methodology for urine analysis of both indole and

indole carboxylic acid derivatives [75]. The sample
pretreatment was realized by means of LLE. The
urines, without or after enzymatic hydrolysis, were
mixed with the I.S. (5-methoxyindole-2-carboxylic
acid) and then saturated with NaCl. The LLE was
performed twice with 4 ml diethylether at pH 6.2.
After evaporation of the pooled extracts with nitro-
gen, the samples were redissolved in the HPLC
eluent and 20-pl aiquots were injected into the
HPLC. Fig. 12 shows chromatograms of an extracted
urine of a normal person, without and after en-
zymatic hydrolysis of glucuronide and sulphate
conjugates [75].

Unfortunately, no details of the method characteri-
zation were given. This would be interesting, since
the extraction was carried out a pH 6.2, which is
nearly neutral. Under these conditions different
recoveries for indoles and indole carboxylic acids
would be expected.

By means of LLE (EtOAc) the indole carboxylic
acids could also be extracted from serum
[104,105,120]. The pH value at the extraction had to
be explicitly in the acidic range to reach a sufficient
recovery (5H6MI2C, 52/66%; 6H5MI2C, 71/74%;
5,6DHI2C, 20%). In contrast with neutral pH values,
recoveries of only 20% were found. In the latter
work no |.S. was used, instead measurements were
only corrected in principle for the determined re-
covery. For the extraction of the sulphate and
glucuronide conjugates of 5SH6MI2C and 6H5MI12C
from urine, LLE at pH 1 was used [136].

In 1988, Wakamatsu et al. showed for urines
samples [101] that LLE pretreatment is not required
in the case of subsequent HPLC separation. After
centrifugation, 10 wl of the urines were injected
directly, as later practiced also in Ref. [95]; thus, the
main components SHE6M12C and 6H5M12C could be
analyzed. This direct injection technique could be
used aso for tissue and cell homogenates after
centrifugation [102,104]. No |.S. was applied in
these methods.

Determination of 5,6DHI2C in urine samples was
also possible after enrichment of this substance onto
alumina [118,147].

Until now, no systematic investigations on the
pre-analytical influences and the stability of the
samples and substances during sample pretreatment,
exist. After the results of such studies for 5-SCD,
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Fig. 12. Chromatograms of an extracted urine of a normal person, (A) without and (B) after enzymatic hydrolysis of glucurono and sulpho
conjugates (IAA, indolyl-3-acetic acid; 3-OH-indole, 3-hydroxyindole) (from Ref [75], with permission).

this would be also of interest for the indole deriva-
tives, especially in plasma samples.

5. Internal standards
5.1 Internal standards for cysteine derivatives

For the analysis of 5-SCD, the use of an I.S. was
approved by most authors. Some more or less
suitable 1.S. can be selected. In early works, iso-
proterenol was often used [182]. But this I.S. was not
very suitable, as already shown by the different
recoveries (5-SCD, 31%; isoproterenol, 81% [87]).
Another substance is «-MD, used in many studies
and often on alumina extraction [144,178,183]. Al-
though the absolute recoveries for 5-SCD and a-MD
after alumina extraction were nearly identical, this
substance is not suitable to correct the differences in
the complete analytical process. Wakamatsu and Ito
aso gave this assessment [162], athough they
introduced this I.S. in 1984. We found that irregular
results were obtained by the calculation of 5-SCD

relative to a-MD [108]. With «-MD, the sample
pretreatment onto alumina is probably well cor-
rected; however, this cannot be stated for the SPE
onto PBA. Especidly, the light and oxidation sen-
sitivity of 5-SCD s reflected very inadequately by
o-MD. Wakamatsu and 1to suggested 5-S-cysteinyl-
a-MD as a more suitable 1.S., which, from a
chemical view, really should be more suitable [162].

Already in 1983, Kagedal and Pettersson [158]
suggested as 1.S. a sterecisomer of 5-SCD, b-CD.
This can be simply prepared and easily separated
from 5-SCD under normal HPLC conditions. There-
fore, but primarily because of its structure, o-CD
should be a nearly *‘ideal” 1.S. This could be
confirmed in some investigations [108,161], but even
p-CD is not ““ideal” in every case (see Fig. 5). In
conclusion, for HPLC it is the |.S. of choice.

The isotope-labelled original cysteinyl compounds
are of course other *‘ideal’”” internal standards. But
these substances require additional equipment, namely
a radiometric or a MS detector. A tritium-labelled
5-SCD was used only once by Kagedal and Petter-
sson [141].
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5.2 Internal standards for indole derivatives

For the early analyses of melanoma-related indole
derivatives with GC-MS, amost deuterated sub-
stance analogues came to be used as I.S. As ex-
pected, these substances proved very suitable
[130,135,137].

For the correction of analyses by means of HPLC
after LLE, at first 5-methoxyindole-2-carboxylic acid
(5M12C) was used [75], but in this work no explicit
details on the suitability of this substance as I.S.
were given. In later HPLC measurements it was
completely renounced for use as an 1.S. [101,
105,120]. In the case of direct injection of urine
samples such a practice is understandable, but in the
case of LLE of plasma samples this is surprising.
One possible reason for this may be the insufficient
suitability of 5MI2C, because this substance has no
hydroxyl groups at the ring, as do 5H6MI2C and
6H5MI2C.

On no account was an |.S. used for correction of
the enzymatic hydrolysis during the sample pretreat-
ment.

6. Chromatographic analysis
6.1. Analysis of cysteine derivatives

6.1.1. Early techniques

The first measurements for the determination of
5-SCD in tissues and cell samples [80], after sample
pretreatment onto alumina, were performed by
fluorometry. The starting point was methods for the
determination of catecholamines [176,184], for
which the compounds were oxidized with
K;[Fe(CN),] to yield fluorescent compounds. After
improvements in the methodology by oxidation with
NalO, [177] and still further with iodine [81], it was
possible to determine 5-SCD in urines of normal
persons. This method failed, however, for measure-
ments of 5-SCD in plasma samples. Findly, it must
be said, that these methods showed only an in-
sufficient sensitivity and specificity.

In the analysis of the melanoma-related cysteine
derivatives, GC-MS plays only a minor role [185].
After pretreatment onto alumina or ion-exchange
columns, the derivatization of the samples was

performed with PFPA. The separations were carried
out on glass columns containing 3% OV-17 on
Chromosorb W. The ionization was performed with
an El energy of 70 éV. By this technique, different
cysteinyl-dopa-isomers and some of their O-methyl
derivatives in urine of melanoma patients could be
separated.

Other early analysis techniques, e.g., ion-exchange
column chromatography with effluent monitoring
using the stable free radica o,a-di-phenyl-B-
picrylhydrazyl as a colorimetric reagent [167],
proved to be meaningless.

6.1.2. HPLC

With the technical development and wide dis-
tribution of the HPLC at the end of the 1970s, this
technique was used preferentially for the determi-
nation of the melanoma-related cysteine derivatives.
From the beginning, the separation of cysteine
compounds was a not too difficult task for the
analysts.

The first HPLC separation of 5-SCD was de-
scribed by Hansson et a. in 1978 [87]. After
pretreatment onto alumina, serum samples were
analysed. As a separating column, a 200X4-mm
Nucleosil RP18 with 5 um particle size was used.
The eluent consisted of 2.9 g/I H,PO, in water with
0.5% MeOH. The retention time of 5-SCD was 8.4
min; as detector, an ECD with a carbon paste
electrode was used (+0.75 V versus Ag/AgCl).

Later Hansson et al. also achieved the separation
of the other S-cysteinyl compounds in serum and
urine [186]. In this work the authors carried out
extensive systematic examinations on many factors
influencing the separation, e.g., different column
materials, ionic strength and pH values of the eluent
and use of different ion-pair reagents in the eluents.
The best separation results here were achieved using
the ion-pair reagent methanesulphonic acid.

Generally, for HPLC analyses, usual RP materials
were used, mostly C,;, sdldom C,; materials
[141,158,179] with particle sizes of almost 5 pwm in
columns of 100-250 mm length and 4.0-4.6 mm
I.D. The eluents consisted of 30-150 mM buffers
(phosphate, formate [163] or citrate [159]) with 0.1—
0.2 mM/I EDTA and often with ion-pair reagents
(mostly 40-100 mM of methanesulphonic acid, but
also with other akylsulphonates) with pH values of
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approximately 2—3. Organic components, like metha-
nol, were used only with portions round 1%. The
analyses was usualy carried out isocratically.

As detectors, electrochemical detectors (am-
perometrically) were exclusively used: initially with
carbon paste electrodes, later with glassy carbon
electrodes. The applied potentials were between
+0.45 and +0.75 V (versus Ag/AgCl reference
electrode). The addition of EDTA to the eluent is
substantial to improve the stability and suitability of
the ECD in daily routine work [141].

6.2. Analysis of indole derivatives

The existence of indole derivatives in the urine of
patients with melanoma was suspected in older
studies using PC methods. Substance spots after PC
separation showed a specific colour reaction
(Thormahlen reaction [123]). These *‘Thormahlen
positive substances’, however, could not be iden-
tified.

The first meaningful investigations of the
melanoma-related indole derivatives at the end of the
1970s, resulted mainly from the work of Pavel in
some working groups. For the identification and
elucidation of structures, GC—-MS was almost exclu-
sively applied. With the increasing use of HPLC in
biochemical analysis, and considering the informa-
tion about the structure and metabolism of
melanoma-related indole derivatives which had been
uncovered, soon GC was completely replaced by
HPLC.

6.21 GC

Most separations were performed on fused-silica
capillary columns (length 15-25 m, 1.D. 0.25 mm),
coated with phases like SE 54, SE 30 or CP-Sil 5
[127-129,135,137]. Duthel and Vallon [181] used a
30 mx0.75 mm wide-bore borosilicate glass column,
coated with SPB 1 for the separation. Because of the
high separating performance of the used capillary
columns, the separation of the substances was not a
critical point.

Since the primary interest was the elucidation of
the structures, mainly MS detectors were used (TIC
and SIM mode). These detectors have advantages in
sensitivity compared with a normal FID, furthermore
deuterated substance analogues could be used for

identification and quantification. The ionization was
normally carried out with El (70 &/). Pavel et al.
showed that with chemical ionization (methane; El
180 &V) a safe fragmentation and determination is
also possible. Fig. 13 shows mass fragmentograms,
obtained with the latter technique, from a derivatized
(PFPA and HFIP) extract of a melanotic urine, to
which deuterated 1.S. were added [135].

6.22. HPLC

The HPLC separation of the melanoma-related
indole derivatives caused few difficulties. Normal
RP18 materias (RP8 in Ref. [75]) with particle sizes
of 57 wm in columns of 100-250 mm length and
I.D. of 4.6-5.0 mm were used.

The eluents consisted of buffers (e.g., 50 mM/I of
sodium acetate or 100 mM/I of potassium phosphate
each with 1 mM/l EDTA) with pH values of 2.1—
4.3. As organic component, methanol was used in
portions of 12—20%. The analyses were usualy
carried out isocratically. Two different detectors
came into use; the first one being the fluorescence
detector. The indole derivatives show a very sensi-
tive and selective native fluorescence. For excitation/
emission wavelengths, the following values were
applied: 305/360 nm for al indole derivatives [75],
315/390 nm for the indole carboxylic acids [101]
and 315/420 nm for the sulphate conjugates of the
indole carboxylic acids [102].

Electrochemical detectors (amperometrically) with
glassy carbon electrodes became the second type of
detector. The ECD has, at the relatively low po-
tentials which can be used for the detection of the
indole derivatives, a very high selectivity at very
high sensitivity. So potentials of, eg., +0.75 V
[102], +0.40 V [104,105] and +0.60 V [95,120]
(versus Ag/AgCl reference electrode) could be ap-
plied. With the ECD, of course, only such indole
derivatives can be detected which have free hydroxyl
groups bound to the indole ring.

7. Special clinical and biomedical applications
7.1. 5-SCD and amelanotic melanomas

The bibliographical references on the suitability of
5-SCD for the detection of amelanotic melanomas
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Fig. 13. Mass fragmentograms obtained with chemical ionization (methane) technique from a derivatized (PEPA and HFIP) extract of a
melanotic urine, to which deuterated |.S. were added (from Ref. [135]), with permission); d,, x-fold deuterated.

and metastases in amelanotic melanomas, respective-
ly, are contradictory. One reason for this is the rare
appearance of this form of melanoma. But also
analytical difficulties, such as the lack of sensitivity,
probably might play a role.

Mojamdar et al. [99] did not find any 5-SCD in
amelanotic melanomas or other non-pigmented tis-
sues, and no tyrosinase activity in amelanctic
melanoma cell lines [187]. Hu et al. [103] injected
cells of an amelanotic melanoma in mice and could
not detect 5-SCD in the plasma in the period
following. Contrary to this, Morishima et a. found
5-SCD also in amelanotic melanoma cells [188]. The
5-SCD concentration in these tissues, however, is
lower than in melanotic melanoma cells, but compar-
able with the one in pigmented nevi. This was also
confirmed by Hara et al. [92], who found measurable
5-SCD values in primary and metastatic amelanotic
melanomas.

Peterson et al. [106] found increased 5-SCD serum
values only in two of five patients with amelanotic
melanomas in stage IV. Horikoshi et al. observed
normal 5-SCD values in urine and serum in two
amelanotic melanomas without metastases [107].

However, the values of these patients increased after
the appearance of metastases. Wimmer et al. [119]
found norma 5-SCD serum values in two patients
with primary amelanotic melanomas. After develop-
ment of metastases, the 5-SCD concentration in-
creased in one case and remained normal in the other
case. In an extensive study by Banfalvi et al., in all
seven patients with primary amelanotic melanomas
(three patients in stage | +11, three patients in stage
I11 and one patient in stage 1V with lung metastases)
no increased 5-SCD serum levels were observed
[121]. Also, Hirai et al. [41] found in all three
patients with amelanotic metastases normal 5-SCD
values.

In summary, adistinct 5-SCD concentration seems
to exist adso in amelanctic tissue or cell samples,
which however does not exceed the one in congenital
or dysplastic nevi. But also in such tissues, only in
20 of 35 cases could increased 5-SCD contents be
detected [155]. No 5-SCD was found in any of 35
uninvolved skin samples. These low 5-SCD con-
centrations in the cells are not necessarily reflected in
increased 5-SCD urine values, which are more likely
in plasma. Whether or not increased plasma 5-SCD
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was found after metastasis of primary amelanotic
tumours presumably depends on whether the metas-
tases were amelanotic or melanotic (what often is not
indicated). It could also depend on the place of the
metastases formation or, as with melanotic
melanomas, of other unfortunately still unknown
factors.

7.2. 5-CD and 6H5MI2C and melanomas in
children

Malignant melanoma in children and adolescents
is a very rare disease. The incidence in prepubertal
children is approximately 0.3-04% of 4l
melanomas [189,190]. In the second decade of life,
the incidence increases 2—7-fold [191-193]. The
situation is complicated by the difficulties in iden-
tifying and in differentiating the melanoma tumours
from other common benign skin diseases (e.g., from
““Spitz nevus’) [194]. So the problem of a histologi-
cal overdiagnosis is considerable [193].

In 1996, an overview was published on all cases
of malignant melanoma which occurred in Scotland
in the years 1979-1991 [193]. From the recognized
4700 cases, only in 50 cases were the patients 18
years or younger (1.04% of all melanomas). In nine
of these 50 cases metastases were found. From those
nine, eight patients died with a maximum survival of
4 years.

From clinical observations it has been known for a
long time that there is an increased risk of melanoma
in patients (usually children) with giant congenital
pigmented nevi (GPN). However, this risk has not
yet been quantified. Also, the definition of a GPN
differs among authors.

Swerdlow et al. recently published in a cohort
study [195] data from 265 patients with congenital
nevi, most of them (94%) were 19 years old or
younger. Thirty-three of these patients (12%) had
their largest nevus covering 5% or more of the body
surface (26% covering 1-4%, and 62% covering
<1% of the body surface). A strong correlation was
found between the size and the number of nevi. Two
of the six deaths which occurred in the cohort could
be followed back to development of a melanoma. In
both deaths the largest nevus covered more than 25%
of the body surface. Because of these data, there is a

1000-fold increased risk of melanoma mortality in
patients with nevi >20% of the body area, but the
absolute risk is not as great as clinically suspected. A
similar result was found in Ref. [193]. There was no
case of a melanoma observed in paediatric patients
with GPN.

Hanawa et al. [196] published investigations of
5-SCD in serum (after alumina extraction) from
children with GPN (=2% of the body surface) but
without malignant melanoma in comparison to
paediatric patients with smaller congenital nevi (CN)
and to patients with non-melanocytic benign skin
tumours. Abnormally high 5-SCD concentrations
were observed in 38% of the 21 patients with GPN,
in 23% of the 22 patients with CN but also in 7% of
the 26 patients (two cases) with non-melanocytic
diseases. For the 5-SCD concentration a positive
correlation (for children <5 years and >5 years)
with the size of the GPN was found and a negative
correlation with the age of the patients in all three
patient groups.

Measurements of 5-SCD (after automated extrac-
tion with boronic acid affinity gels) and 6H5M12C
(after LLE) in random spot urines of 136 healthy
children (5-15 years) were recently published by
Meyerhoffer et al. [142]. The concentrations of 5-
SCD (0.30-0.44 pM/I) and 6H5MI2C (0.18-0.32
pM/1) in al subgroups (age gradation every 2 years)
were roughly the same, while the concentration of
creatinine, as expected, increased with age. Thus, for
the values of 5-SCD and 6H5MI2C related to
creatinine, an age-related decrease of the means was
yielded (5-SCD: 60.4-28.0 pM/M creatinine
6H5MI12C: 42.8-26.1 pM/M creatinine; in the sub-
groups from 5 to 15 years). This would be a good
correlation with the observed age-dependence of the
5-SCD serum concentration in Ref. [196], but for
young adults (average 23 years) a distinct increase of
the values was found (5-SCD: 49.0 pM/M
creatinine, 6H5M12C: 33.4 wM/M creatinine), which
is difficult to understand.

Because of the measured sensitivities of the
discussed substances in the different matrices, as
well as the natural problems with the urine sample
collection in children (whether random spot or 24 h
collecting uring), for children an analysis of plasma
samples should be preferred.
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8. Summary and conclusions

For investigations of the melanoma-related cys-
teine and indole derivatives, GC and HPLC were
primarily applied. GC-MS was used mainly in
earlier years, in the initial phase of the biomedical
research in this fields. That was necessary, since the
elucidation of structures and identification of sub-
stances were in the foreground. However, for a long
time the analyses were carried out exclusively by
HPLC. This was because of the lower effort neces-
sary for sample pretreatment, including the no longer
necessary derivatization procedures. Until now, for
these substance groups the use of a HPLC-MS
coupling has not been described. And there also has
not been any application of modern capillary electro-
migration techniques yet.

In the group of the melanomarelated cysteine
derivatives, 5-SCD is obviously the most important
substance. Other isomers or intermediate products do
not have any meaning as marker substances. Either
they are too reactive, are found in concentrations too
low or they do not allow any other statements to be
made, which cannot be made by 5-SCD. In the group
of the melanomarelated indole derivatives,
5H6MI2C and 6H5M12C seem to be best suitable for
analysis and as marker substances. So only the main
components 5-SCD and 6H5MI12C were investigated
in most studies.

Preceding the chromatographic analysis of both
analytes a sample pretreatment is needed. There are
three techniques for the pretreatment of 5-SCD with
different specifications. The clean-up onto alumina
can be carried out simply and is also common, but it
cannot be automated and it also has other disadvan-
tages. The sample pretreatment onto boronic acid
affinity gels yields near-quantitative recoveries and
enables automation by means of column switching.
However, this technique has only been tested with
urine samples until now. Finally, the pretreatment
can be carried out with the SPE technique using
SCX+PBA or only PBA cartridges. This technique
is suitable for urine and plasma samples. A full
automation can be realized and in this case it is the
best methodology for the investigation of plasma
samples. For the sample pretreatment of the indole
derivatives (usually 6H5MI12C) the LLE is primarily

used, both for urine and for plasma samples. Within
the last few years urine samples were also directly
injected into the HPLC system. This is an elegant
analysis technique, but is applicable only for the
main components.

The application of a suitable I.S. is important for
the correctness of the measured values. For 5-SCD,
several possible substances are available for use, but
not all of them are really suitable. For the indole
derivatives the estimations were usualy done with-
out the aid of an I.S.

The chromatographic analyses with HPLC or GC/
GC—-MS could be realized in most cases without
major problems. Also, in the past, the performance
of capillary GC and HPLC was usually sufficient to
separate the substances of interest. For GC-MS
analyses, the separations were performed with nor-
mal fused-silica capillary columns, coated with rela-
tively non-polar liquid phases after derivatization
with PFPA, HFIP or BSTFA. MS detection was
mainly carried out with El ionisation. For HPLC,
standard RP18 separating columns and the usual
compositions of eluents (partly with ion-pair re-
agents) were used. As detectors, both ECD and FD
showed a sufficient sensitivity and selectivity.

Based on their chemical structures and confirmed
in examinations, all substances in these two groups
are very senditive to light and oxidation. These
properties must be taken into account in the complete
analysis procedure, from blood withdrawal or urine
collection, throughout the pretreatment technique
used, up to injection into the chromatographic sys-
tem. If these decisive parameters are ignored, false
low values will result. Because of the approximately
100 times lower concentrations of 5-SCD and
6H5MI2C in plasma in comparison to urine, this is
particularly essential when measuring plasma sam-
ples. Unfortunately, these considerations are only
partly realized in the analytical methods. Systematic
examinations of these sengitivities exist for 5-SCD in
plasma and urine, as well as partialy for 6H5M12C
in urine. So, for a critical discussion of the analytical
methods and still more for the interpretation of the
obtained results, the detailed analytical procedures
must be considered.

Serological markers for malignant melanoma are
advantageous for severa reasons. They make it
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possible to obtain economical findings about the
existence or the stage of this disease. Regular control
measurements are possible and these are non-inva-
sive for the patients. The following questions are
important for the suitability of substances as markers
of malignant melanoma: are the markers suitable for
early diagnosis? Are they suitable for detection of
progression of the disease? Are they suitable for
monitoring the course of therapies? And can they
give statements about the prognosis for the patient?
The “ideal” marker, which can safely answer al
questions, does not exist, either by cysteine or indole
derivatives, or by other marker substances discussed
in this field.

Two principle cases have to be distinguished from
malignant melanoma, primary melanomas without
metastases (disease stages | and 1) and metastatic
melanomas (stages Il and V). For al marker
substances tested until now, aso for 5-SCD and
6H5MI2C, the sensitivity of the measured results has
depended strongly on the melanoma stage, i.e.,
pathological values are obtained increasingly only in
the metastatic stages.

5-SCD in plasma, if analyzed using a suitable
technique, is the best marker of malignant melanoma
apart from S1008. It shows an excellent specificity
and also an adequate sensitivity in melanoma stages
Il and V. Regarding the detection of primary
melanomas, 5-SCD is perhaps dightly better than
other markers, but here the sensitivity is altogether
low. For urine samples the sensitivity of 5-SCD is
generally lower than for plasma samples, and this
could not be increased significantly by using
sophisticated statistical methods. 5-SCD is also very
suitable for therapy monitoring and for the detection
of a metastasis in an early stage. Unfortunately, in
comparison with, e.g., S100B, the oxidative sensitivity
of 5-SCD in plasma retards its routinely use. The
very good marker qualities of 5-SCD in plasma can
only then be obtained, if the samples have been
obtained and analysed under optimal conditions. This
effort presumably was difficult to realize by many
working groups, because there have only been a few
studies of 5-SCD in plasma.

6H5M12C and other indole derivatives have been
investigated far less than 5-SCD. 6H5MI2C corre-
lates less clearly with the different stages of
melanoma and usually shows pathological values

only in the final stages. Therefore, as a marker for
malignant melanoma, 6H5MI2C is less suitable, it
reflects more the general status of the pigmentation
of the skin. However, a detailed examination of the
pre-analytics and the stability of 6H5MI12C in plasma
at sample pretreatment and analysis has not been
carried out until now. Here, one can expect similar
results as for 5-SCD. Moreover, an investigation of
the different indole derivatives in plasma and urine
after enzymatic hydrolysis has not been carried out
on large patient groups. From such studies, some
new findings could be possibly won, which could
lead to a new evaluation of the significance of
melanoma-related indole derivatives as markers of
malignant melanoma.

For future examinations the following require-
ments seem to be important to increase the sensitivity
of the markers of malignant melanoma, and with that
to increase the benefit for the patients.

Instead of the analysis of a single marker, the
simultaneous measurement of severa different
markers in a given patient sample should be per-
formed. Apart from very few exceptions, there are no
studies which are related to single patients. Usually
the sensitivities of each of the measured markers was
calculated relating to a patient group. However, the
response of different patients to different markers
varies. So, an improvement of the diagnostic finding
can be expected, if al of the pathological values are
considered, independent of their origin. Such a multi-
marker analysis should not be restricted only to
5-SCD and 6H5MI2C, but also extended to markers
with other biochemical mechanisms.

Not only one measurement should be carried out
per patient. It would be more meaningful to observe
the patients in the follow-up with laboratory diagnos-
tics. Considering the relatively low costs of the
laboratory measurements of the markers, compared
to the costs for conventional staging, therapy and
especiadly for surgical treatments, this should be
feasible.

Clinical, histological and/or biological classifica-
tion of malignant melanomas and their metastasis do
not seem to be sufficient, which would explain the
lack of sensitivity of all markers tested. This could
be an important approach to clarifying inexplicable
differences in the response of the patient groups until
now. For further studies, patient groups which are
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more homogeneous should be examined. This aso
concerns the definition of patient stages. It would be
more meaningful, if the current clinical picture of the
patients would be taken more into account.

9. Definition list

5-SCD 5-S-L-cysteinyl-L-dopa
2-SCD 2-S-L-cysteinyl-L-dopa
6-SCD 6-S-L-cysteinyl-L-dopa

2,5-S,SCD 2,5-S,S-di-L-cysteinyl-L-dopa
p-CD 5-S-p-cysteinyl-L-dopa
Dopa L-3,4-dihydroxyphenylalanine

Dopac 3,4-dihydroxyphenylacetic acid
5,6DHI 5,6-dihydroxy-indole

5H6MI 5-hydroxy-6-methoxy-indole
6H5MI 6-hydroxy-5-methoxy-indole
5,6DMI 5,6-dimethoxy-indole

5,6DHI2C 5,6-dihydroxy-indole-2-carboxylic acid

5H6MI2C 5-hydroxy-6-methoxy-indole-2-carboxy-
lic acid

6H5MI12C  6-hydroxy-5-methoxy-indole-2-carboxy-
lic acid

5,6DMI2C 5,6-dimethoxy-indole-2-carboxylic acid

5-HIAA  5-hydroxy-indole-3-acetic acid

a-MD a-methyl-dopa,  2-methyl-3-(3,4-dihy-
droxyphenyl)-L-alanine

COMT catechol-O-methyl-transferase

EGTA [ethylene-bis(oxyethylenenitrilo)]tetra-
acetic acid

EDTA ethylene-diamine-tetraacetic acid  di-
sodium salt

DTPA diethylene-triamine-pentaacetic acid

EtOAC acetic acid ethyl ester

GSH reduced glutathion

Tris tris(hydroxymethyl)aminomethane

SPE solid-phase extraction

LLE liquid—liquid extraction

PBA phenylboronic acid

SCX strong cationic exchange

TLC thin-layer chromatography

PC paper chromatography

HPLC high-performance liquid chromatog-
raphy

RP reversed-phase

ECD electrochemical detector

FD fluorescence detection (excitation/emis-
sion wavelength)

GC gas chromatography

MS mass spectrometry

TIC total ionic current

SIM single ion monitoring

El electron-impact ionization

FID flame ionization detector

PFPA pentafluoropropionic acid anhydride

HFIP 1,1,1,3,3,3-hexafl uoroisopropanol

BSTFA bis(trimethyl-silyl)trifluoroacetamide

I.D. internal diameter

CV. coefficient of variation

SD standard deviation

I.S. internal standard

M W. molecular mass

LOD limit of detection
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