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The P chain of human chorionic gonadotropin (hCG) hor- 
mone is produced by fetal cells, gonadal cell tumors and several 
types of non-gonadal carcinoma. hCG is composed of an Q and a 
P chain, the latter of which can be used to distinguish the 
molecule from other related gonadotropin hormones. Detec- 
tion of P-hCG mRNA transcripts can be potentially useful as a 
marker to identify tumor cells. We devised a highly specific and 
sensitive assay to detect the atavistic expression of P-hCG in 
cutaneous melanoma by RT-PCR. Twenty-four melanoma cell 
lines and 43 melanoma biopsies were evaluated for P-hCG 
mRNA expression. An RT-PCR assay was developed to specifi- 
cally distinguish P-hCG poly-A mRNA from other related 
gonadotropin P chains. This was performed by endonuclease 
digestion of a unique Sty I site in the p chain, followed by 
Southern blot analysis with a P-hCG cDNA probe. Of the 24 
melanoma cell lines analyzed, 18 expressed P-hCG mRNA. 
Analysis of melanoma biopsy specimens revealed P-hCG mRNA 
expression in 17/25 melanoma-positive TDLN, and in only 5/ I5  
non-lymphoid melanoma metastases. P-hCG mRNA expression 
had a 53Oh correlation to tyrosinase mRNA, a predominant 
melanoma marker. P-hCG mRNA was not detected in normal 
donor PBL and normal lymph nodes. Detection of P-hCG mRNA 
expression may be a useful molecular marker to define a subset 
of malignant melanoma. 
o 1996 Wiley-Liss, Inc. 

Neoplastic cells are known to aberrantly express genes that 
are silent in their normal counterparts. Often these aberrant 
gene expressions encode for proteins that endow neoplastic 
cells selective advantages with respect to growth and other 
malignant cell properties, such as metastasis and invasion. 
Production of autocrine growth factors or hormones by neoplas- 
tic cells that are not present in normal cells has been well 
documented (Nicolson, 1993). hCG is a hormone produced by 
the trophoblasts and is important for maintaining pregnancy 
during the early stages (Cole et al., 1983; Moyle and Campbell, 
1993). hCG and its individual subunits are produced not only 
in trophoblastic and germ-cell tumors but also in a wide range 
of non-gonadal epithelial tumors, such as those of the colon, 
lung and breast (Cole et al., 1983; McManus et al., 1976; 
Madersbacher et al., 1994; Marcillac et al., 1992). The physi- 
ological role for the atavistic expression of hCG in neoplastic 
cells is unknown. Its expression is much like those of fetal cells, 
thus representing recapitulation of fetal cell properties by 
neoplastic cells. Detection of hCG expression by tumors using 
polyclonal or monoclonal antibodies (MAbs) by immunohisto- 
chemical analysis have been well demonstrated (Krichevsky et 
al., 1995). Expression of the P-hCG subunit alone has been 
shown to be a very useful marker in detecting and staging 
cancer (Madersbacher et al., 1994; Marcillac et al., 1992). 
However, these studies have to be carefully interpreted due to 
the cross-reactivity of antibodies to subunits of related gonado- 
tropins. To date, the identification of hCG or its subunits by 
molecular techniques on non-gonadal tumors has also been 
limited. 

This glycoprotein is a heterodimer consisting of non- 
identical 01 and P subunits (Fiddes and Goodman, 1976; 
Talmadge et al., 1984). The hCG polypeptide has many 
similarities to related gonadotropins that belong to this family, 
such as LH, FSH and TSH (Moyle and Campbell, 1993; 
Talmadge et al., 1984). The 01 subunit of hCG is identical to 
those of LH, FSH and TSH; therefore, it is difficult to 

differentiate among them. The P subunit, however, provides 
the specificity for these hormones (Talmadge et al., 1984). 
However, while the p-hCG subunit is considerably different 
from the P subunits of related gonadotropins, it does share 
82% amino acid homology and greater than 90% nucleotide 
homology to P-LH (Talmadge et al., 1984). The P chains of the 
different gonadotropins are very difficult to differentiate using 
conventional immunological or molecular assays. Molecular 
studies to date usually misinterpret the detection of p subunit 
of hCG with other gonadotropin p subunits. 

We set out to devise a specific assay to detect P-hCG mRNA 
and to determine if it is expressed by human malignant 
melanoma cells. Melanoma is neuroectodermally derived and 
has been shown to express tumor-associated markers found in 
human carcinomas and fetal tissues (Tsuchida et al., 1987; 
Selby et al., 1992). To date, there have been no major reports 
demonstrating the expression of hCG in melanoma. We 
developed a sensitive and specific molecular assay to detect 
P-hCG mRNA poly A expression. Both melanoma cell lines 
and tumor biopsies were demonstrated to express P-hCG. This 
study demonstrates the potential usage of P-hCG as a molecu- 
lar marker for a subset of malignant melanoma. 

MATERIAL AND METHODS 
Melanoma cell lines and biopsies 

Twenty-four melanoma cell lines were established and 
characterized at the John Wayne Cancer Institute as previ- 
ously described (Hoon et al., 1991b). Cell lines were studied at 
early passages and grown in 10% heat-inactivated FCS (Gemini, 
Calabasas, CA) RPMI 1640 plus penicillin and streptomycin, 
as previously described. Total RNA was extracted from cells 
when cultures reached 70-80% confluence. 

All melanoma tumor biopsy specimens were assessed by a 
pathologist to determine if the tissue had malignant mela- 
noma. Melanoma biopsies were obtained from primary lesions 
and multiple anatomical sites of metastatic lesions from 
different patients. Sites of tumors included thigh, shoulder, 
forearm, anterior chest, neck and groin. Metastatic melanomas 
in lymph nodes were obtained predominantly from axillary and 
groin lymph nodes. Melanoma-draining lymph nodes were 
assessed by pathologists and defined as melanoma-negative or 
-positive based on standard H & E staining and, if necessary, 
specific MAb staining. Tissue specimens obtained surgically 
were processed immediately. On obtaining melanoma biop- 
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FIGURE 1 - Schematic diagram of RT-PCR primer and endonuclease Sty I restriction site location on the PhCC gene. Difference 
between Sty I restriction sequence on p-hCG gene and on PLH gene is shown. 

sies, normal tissue was carefully dissected away from mela- 
noma tissue on ice under sterile conditions in a laminar flow 
hood. Normal lymph nodes assessed by histopathology as 
tumor-negative were obtained from patients with benign 
tumor lesions undergoing elective surgery. Lymph nodes were 
assessed by histopathology for malignancy by conventional 
H & E. Tonsils representing inflamed lymph nodes were 
obtained from elective surgery. 

PBL were obtained from 28 normal male and female 
volunteer donors. Ten milliliters of blood were collected in 
sodium citrate-containing tubes. Blood was centrifuged using 
a hypotonic density gradient solution (National Genetics 
Institute, Los Angeles, CA), and total cells in the blood were 
collected for RNA isolation (Hoon et al., 1995b). This proce- 
dure allows recovery of cells in the blood at a higher efficiency 
rate than buEy coat centrifugation or Ficoll-hypaque gradient 
centrifugation. 

RNA extraction 
Total cellular RNA from specimens and cell lines was 

extracted, isolated and purified using Tri-Reagent according to 
the manufacturer’s protocol (Molecular Research Center, 
Cincinnati, OH). Cells from melanoma lines were washed in 
RPMI, trypsinized (0.025%) and collected from tissue culture 
flasks kept on ice. RNA extraction was carried out in a 
designated sterile laminar flow hood with RNAse-free lab- 
ware. Purified RNA was quantitated and assessed for purity by 
UV spectrophotometry. All specimens and PBL RNA were 
additionally assessed by analysis for p-actin expression using 
RT-PCR. Tissue processing, RNA extraction, RT-PCR assay 
set-up and post-RT-PCR product analysis were carried out in 
separate designated rooms and facilities to prevent cross- 
contamination. 

RT-PCR assay 
The RT-PCR assay was carried out as previously described 

(Hoon et al., 1995a, b). Briefly, reverse transcription was 
conducted on 5 kg of total RNA with Moloney murine 
leukemia virus reverse transcriptase (Promega, Madison, WI). 
The RT mixture was incubated at 42°C for 2 hr and at 95°C for 
5 min. All RT reactions were carried out with oligo dT priming 
to avoid picking up spurious non-polyadenylated mRNA. PCR 
conditions were as follows: 95°C for 5 min, 1 cycle; 95°C for 1 
min, 68°C for 1 min, 72°C for 1 min, 30-35 cycles; and 72°C for 
10 min for the final primer extension sequence. PCR was 
performed in a thermocycler (National Genetics Institute). 
Oligonucleotide primers were synthesized and purified at the 
National Genetics Institute. The P-hCG primer sequences 
were 5’ primer, 5’-ATG CCA CCC TGG CTG TGG AGA 
A-3’ and the 3’ primer, 5‘-GGG AGT CGG GAT GGA CTT 
GGA A-3‘. Both primers have only a 1 bp mismatch with the 
PLH gene. Primer designs were specifically selected to avoid 
detection of incomplete poly A mRNA transcripts. The 0-hCG 

RT-PCR cDNA product is 367 bp. The sequences of a-hCG 
primers were derived from the GenBank. The 5’ primer used 
was 5’-AAA GGA GCG CCA TGG ATT AC-3‘ and the 3’ 
primer was 5’-CCA TTA CTG TGA CCC TGT TA-3’. The 
a-hCG PCR cDNA product is 297 bp. Primer sequences for 
hCG/LH receptor were 5 ’  primer, 5’-CCC GAT GTG CTC 
CTG AAC CAG A-3’ and 3‘ primer, 5’-GCT GAC ACC GAC 
AAG GGG CAA-3‘. The RT-PCR cDNAproduct for hCG/LH 
receptor is 496 bp. Tyrosinase primers are 5’-TTG GCA GAT 
TGT CTG TAG CC-3‘ and 5’-AGG CAT TGT GCA TGC 
TGC TT-3’ (Hoon et al., 199%). The tyrosinase RT-PCR assay 
produces a 284 bp cDNA product. In the assay for the 
tyrosinase gene, RT-PCR was initially performed, followed by 
EtBr analysis and Southern blotting with a specific tyrosinase 
cDNA probe (Hoon et al., 1995b). The MAGE-3 gene primers 
used were 5’-GAA GCC GGC CCA GGC TCG-3‘ and 
5‘-GGA GTC CTC ATA GGA TTG GCT CC-3‘ (Hoon et al., 
1993). The RT-PCR cDNA product is 423 bp. Southern blot 
was performed using a specific MAGE-3 cDNA probe. The 
p-actin gene primers are 5’-CCT TCC TGG GCA TGG AGT 
CCT G-3’ and 5’-GGA GCA ATG ATC TTG ATC TTC-3’. 
Southern blot was performed using a specific p-actin probe. 
The RT-PCR cDNA product is 201 bp. 

Restriction enzyme digestion and Southern blotting 
Since p-hCG and p-LH are highly homologous, it was not 

possible to design primers absolutely specific to P-hCG. This is 
one of the major problems in detecting P-hCG specifically. 
Another problem is that p-LH is expressed in normal tissue 
types quite frequently. The PCR cDNA product of the P-hCG 
gene 5 and 6 has a unique Sty I enzyme restriction site that is 
not present in the p-LH PCR cDNA product (Fig. 1). Before 
endonuclease digestion, the RT-PCR cDNA product was 
verified by EtBr or by Southern blotting. For Sty I enzyme 
digestion, the RT-PCR cDNA product was incubated in 1 X 
NEBuffer 3, BSA (100 Fg/ml) and Sty1 endonuclease (New 
England Biolabs, Beverly, MA). The mixture was incubated 
overnight in a 37°C water bath. The Sty I-digested P-hCG 
RT-PCR cDNA product produces 271 and 96 bp bands. If no 
digestion occurred, the reaction was repeated at least twice to 
confirm the result. A specimen was considered p-hCG mRNA- 
positive only when endonuclease-digested RT-PCR cDNA 
products were confirmed by Southern blotting. 

The RT-PCR cDNA products run on 2% agarose gel were 
alkaline-denatured and transferred overnight onto nylon mem- 
brane (Micron Separations, Westboro, MA) with 20X SSC 
buffer for Southern blotting (Morisaki et al., 1992; Hoon et al., 
1995). The cDNA was then UV-cross-linked onto the mem- 
brane and hybridized overnight with a P-hCG cDNA probe. A 
367 bp P-hCG cDNA probe was developed from an RT-PCR 
cDNA product and labeled with digoxigenin (Hoon et al., 
199%). Specific hybridization was detected using the anti- 
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digoxigenin, alkaline phosphatase-conjugated antibody (Boeh- 
ringer Mannheim, Indianapolis, IN). Southern blot analysis 
was initially assessed as described above, and for a large 
number of samples (> l o ) ,  the assay was performed using an 
automated robotic Southern blot assay (National Genetics 
Institute). The assay system provides the highest stringency 
blotting and sensitivity. All Southern blots were performed at 
least twice. Any discrepancies or faint signals were repeated 
several times for verification. In each Southern blot run, 
negative controls included were RT-PCR with water and no 
mRNA, normal donor PBL, p-hCG-negative tumor cell lines 
and tissues, blanks (no reagents) and sheared calf DNA that 
were carried throughout the RT-PCR procedure. Positive 
controls included cDNA template for the cDNA probe, at 
least 2 positive tumor lines and a positive tumor biopsy 
specimen. Southern blots were scanned on an electronic 
imager and verified by at least 2 readers for positive and 
negative results. If any of the controls did not work, the 
experiment was discarded. This highly stringent system was 
designed to perform routine large-scale analyses while main- 
taining high specificity. 

RESULTS 
Melanoma cell lines 

P-hCG mRNA expression analysis in cells by molecular 
techniques has been consistently hampered by the close 
sequence homology of the P subunits to related glycoproteins 
such as LH. We chose the 3' terminal end of the hCG P chain 
subunit as a target for the RT-PCR assay because it was the 
most unique when compared to the P chain subunits of other 
related hormones. The objective of the study was to evaluate 
P-hCG mRNA expression as a potential molecular marker and 
to determine its presence in melanomas. Initially, we assessed 
24 established human melanoma cell lines derived from 
various anatomical sites to determine if they expressed P-hCG 
mRNA. Oligo dT(15 priming was carried out to assess poly-A 
mRNA of P-hCG. bf the 24 cell lines tested by RT-PCR, 15 
produced a specific cDNA product that was verified by 
EtBr-stained agarose gel electrophoresis (Fig. 2). p-actin was 
run on all samples as an internal control to determine the yield 
and the integrity of the RNA and to verify the efficiency of the 
RT-PCR assay. Each assay had a positive and a negative 
control for RT-PCR plus Southern blot of P-hCG. Further 
analysis by Southern blot of the RT-PCR cDNA product with 
P-hCG probe demonstrated that 3 of the cell lines negative by 
EtBr staining were positive by Southern blotting. Overall, 18 of 
24 cell lines (75%) were positive for P-hCG mRNA expression. 

0-hCG marker assay spec8city and sensitivity 
An endonuclease restriction digestion assay was developed 

to specifically identify RT-PCR P-hCG cDNA product. Figure 
1 gives a schematic of the cDNA sequence and endonuclease 
digestion site. To verify P-hCG mRNA expression by the 
melanoma cell lines, endonuclease restriction digestion with 
Sty I was carried out on all RT-PCR cDNA products (Fig. 3). 
All RT-PCR P-hCG cDNAs were specifically digested. These 
digested products were verified by Southern blot analysis with 
the P-hCG cDNA probe. 

Primary and metastatic melanomas have been demonstrated 
to contain infiltrating immune cells (Cochran and Hoon, 1987). 
To demonstrate that P-hCG mRNA is being expressed specifi- 
cally by melanoma cells and not a product of lymphocytes, 28 
normal volunteer donors' PBL were assessed by RT-PCR, 
endonuclease digestion plus Southern blot analysis as per- 
formed for the melanoma cell lines. There was no evidence of 
P-hCG mRNA expression under the optimal conditions estab- 
lished for the assay. PBL analysis by RT-PCR, a-hCG subunit 
assessed by gel electrophoresis plus EtBr, demonstrated often 

FIGURE 2 - P-hCG mRNA expression by melanoma cell lines. 
Top panel shows melanoma cell lines after RT-PCR analysis 
followed by EtBr gel analysis. Bottom panel represents respective 
control p-actin RT-PCR analysis (201 bp) at the same quantity of 
RNA as the P-hCG RT-PCR analysis. P-hCG cDNA RT-PCR 
product size is 367 bp. RT-PCR analysis: Lane 1 is the negative 
control without RNA. Lane 2 corresponds to PBL RNA of a 
normal donor (negative for p-hCG). Lane 3 is a normal lymph 
node. Lanes 4-9 are melanoma cell lines. All melanoma cell lines 
are P-hCG-positive. 

FIGURE 3 - Southern blot analysis of P-hCG cDNA RT-PCR 
products and their respective endonuclease-cleaved fragments. 
Lanes 1 and 3 are cDNA products of melanoma cell lines before 
digestion. Lanes 5 and 7 are melanoma biopsy specimen cDNA 
products before digestion. Lanes 2, 4, 6 and 8 are digestions of 
cDNA products corresponding to samples in lanes 1, 3, 5 and 7, 
respectively. The digested P-hCG cDNA fragment is 271 bp. The 
96 bp digested product is always difficult to discern by standard gel 
electrophoresis. 

specific positive cDNA bands, indicating that this was not a 
suitable marker. 

To demonstrate the specificity and sensitivity of the assay 
further, melanoma cells from an established cell line were 
mixed with 10 and 50 x lo6 normal donor PBL, as previously 
described (Hoon et al., 1995b). The melanoma cells repre- 
sented a cell line with an average level of (3-hCG mRNA 
expression compared with other melanoma cell lines. mRNA 
was then extracted from the mixed cell cultures and assessed 
by RT-PCR plus Southern blot analysis. Approximately one 
melanoma cell could be detected in 10 and 50 x lo6 PBL (Fig. 
4). Cell mixtures of one melanoma cell in 10 and 50 x lo6 were 
repeated 3 times each. Only 1 of 3 samples of the 1 in 50 x lo6 
dilution specimen was negative. Control PBL were negative. 
The sensitivity of the test was verified by Southern blot 
analysis. 
Melanoma tumor biopsies 

Melanoma tumor biopsies were assessed to determine the 
frequency of P-hCG mRNA expression. Tumor biopsies were 
all previously identified histopathologically as positive for 
melanoma. A representative analysis of biopsy specimens is 
shown in Figure 5. Analysis demonstrated identical band size 
and endonuclease digestion product, confirming what was 
observed with the melanoma cell lines (Fig. 3). Five of 15 
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FIGURE 4 - Sensitivity of P-HCG RT-PCR assay in detecting melanoma cells mixed in lo7 or 5 X lo7 PBL. Lane 1 is representative of 
normal donor PBL; lane 2, positive control (melanoma cells only); lane 3, lo4 melanoma cells in 10’ PBL; lane 4, lo3 melanoma cells in 
lo7 PBL; lane 5, lo2 melanoma cells in lo7 PBL; lane 6,10 melanoma cells in lo7 PBL; lanes 7-9, single melanoma cell in lo7 PBL; lanes 
10-12, single melanoma cell in 5 x lo7 PBL. 

FIGURE 5 - Representative examples of Southern blot analysis of P-hCG cDNA product expression by melanoma biopsies. Lane 1 
corresponds to RT-PCR-negative control (water); lane 2, normal donor PBL; lane 3, normal lymph node; lane 4, tonsil; and lanes 5-10, 
positive p-hCG cDNA of melanoma TDLN. 

TABLE I - p-hCG mRNA EXPRESSION BY MELANOMA METASTASIS IN 
NON-LYMPHOID TISSUE 

Patient 
number @-hCG Tyrosinase MAGE-3 

380 
355 
439 
440 
488 
538 
568 
569 
616 
632 
676 
752 
919 

1165 
1197 

+ + + + + + + + + + + + + + 
- 

- 
+ + + + + + + 
+ 
+ + + 

- 

- 

- 

Positive (+) P-hCG test refers to RT-PCR cDNA product 
digested by Sty I and verified by Southern blot. Tyrosinase- and 
MAGE-3-positive tests refer to RT-PCR plus Southern blot 
analysis with respective primers and cDNA probes. All of the 
samples were P-actin-positive by RT-PCR plus Southern blotting. 
All tissues were identified by histopathology as positive for 
melanoma. 

(33%) metastatic tumor biopsies (non-lymph node) were 
positive for P-hCG mRNA expression (Table I). In all speci- 
mens, P-actin mRNA expression was confirmed. When compar- 
ing gender for P-hCG mRNA expression in melanoma cell 
lines and tissue biopsies, there was no significant difference. 

To verify the specificity and sensitivity of the assay, 3 fresh 
placenta tissue biopsies were assessed from mothers undergo- 
ing newborn deliveries. Placentas are known to express P-hCG 
mRNA (Rothman et al., 1992). The tissues were processed for 
mRNA and run in the RT-PCR plus Southern blotting assay as 
described in “Material and Methods”. All 3 placenta speci- 
mens were positive for P-hCG mRNA and were confirmed to 
produce an identical cDNA product and endonuclease diges- 
tion cDNA product as the p-hCG-positive melanoma cells. 

Tumor-draining bmph nodes 
In a series of 28 TDLN from 25 melanoma patients, P-hCG 

mRNA expression was assessed. Twenty-five of the TDLN 
were identified by a pathologist as melanoma-positive. Overall, 
P-hCG mRNA was detected in 18/28 (64%) of the TDLN 
(Table 11). Lymph nodes from patients with benign tumors 
(n = 5)  that were defined as tumor-negative by histopathologi- 
caI analysis using H & E staining were demonstrated to be 

negative also for P-hCG after RT-PCR plus Southern blot 
analysis. Similarly, tonsils (n = 3) were negative for P-hCG 
mRNA expression under optimal assay conditions. Of the 28 
TDLN examined, 3 were tumor-negative by pathology. Two of 
these nodes were also negative for P-hCG mRNA expression. 
This also confirmed the reliability of the assay system. One of 
the pathology-negative nodes was positive for P-hCG mRNA 
expression. This specimen was assessed several times to verify 
the results and that they were not due to assay cross- 
contamination. However, this node was also positive for 2 
other melanoma RT-PCR markers. These analyses of negative 
controls indicated the reliability of the assay in not detecting 
false-positive results in non-tumor involved lymph nodes. 

Correlation of PhCG to other melanoma markers 
Previously, we and others have demonstrated the detection 

of melanocyte/melanoma tyrosinase and tumor MAGE-3 
mRNA as molecular markers for detecting malignant mela- 
noma (Hoon et al., 199%; Smith et al., 1991). All tumor biopsy 
specimens were examined for P-hCG, tyrosinase and MAGE-3 
expression from the same mRNA preparation. This analysis 
was performed to correlate and determine the correlation of 
P-hCG to tyrosinase and MAGE-3 expression. Analysis of the 
same specimens showed that 100% of tumor-positive TDLN 
and 93% of non-lymphoid tumor biopsies were tyrosinase- 
positive, whereas 72% of TDLN and 73% of non-lymphoid 
tumor biopsies were MAGE-3-positive (Table 111). All speci- 
men analyses were verified by Southern blot. Normal lymph 
nodes and PBL were negative for tyrosinase and MAGE-3. Of 
the 40 melanoma-positive biopsies, 21/40 (53%) were positive 
for both tyrosinase and P-hCG and 16/40 (40%) were positive 
for both MAGE-3 and P-hCG. Frequencies of 3, 2 and 1 
markers present in the biopsies were 40%, 45% and 15%, 
respectively. 

LHIhCG receptor 
Expression of LH/hCG receptor mRNA in melanoma cell 

lines was evaluated by RT-PCR. Analysis of 22 melanoma cell 
lines showed that 13 (59%) were positive by RT-PCR analysis 
using EtBr-stained gels. Of the 13 positive for LH/hCG 
receptor mRNA, 9 (69%) were also positive for P-hCG mRNA 
expression. Normal PBL and lymph node cells express the 
LH/hCG receptor. Tumor biopsy material was not evaluated 
for this marker due to the high potential of false-positive 
results. 

DISCUSSION 

We have demonstrated that P-hCG mRNA is expressed in a 
fair number of melanoma cells and that it may be a useful 
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TABLE I1 - p-hCG mRNA EXPRESSION BY MELANOMA METASTASIS IN 
TnT N 

Patient 
number Path p-hCG Tyrosinase MAGE-3 

(TDLN') 

- + + + 1 + + + 
3 + + + 2 

+ + + + 4 
5 + 
6 + + + + 
7a + + + + 

+ 7b 
8 
9 + + + + + + + 

11 + + + 10 

12 + + + + + + + + 13 
14 + + + + + 

- + + + 15 
16 
17 + + + + 
18 + + + + + + + + 
20a + + + 19 

+ + + + 20b 
20c + 
21 + + + + + + + + 
23 + + + 22 

+ + + + 24 
25 + + + 

- 
- 

- + - 

- - - - 
- - - 

- 

- 

- + - 

- 
- 

- - 

- 

- 

'TDLN refer to nodes of individual melanoma patients assessed 
(a, b and c refer to separate nodes from the same patient). 
Pathology refers to the H & E staining histopathological analysis 
of lymph node sections. (+) refers to the presence of melanoma 
metastases and (-) to no metastases. Positive P-hCG test refers to 
RT-PCR cDNA product digested by Sty I and verified by Southern 
blot. Tyrosinase- and MAGE-3-positive tests refer to RT-PCR 
plus Southern blot analysis with respective primers and cDNA 
probes. All samples were RT-PCR P-actin-positive by Southern 
blotting with specific cDNA probe. 

TABLE I11 - COMPARISON OF MOLECULAR MARKER EXPRESSIONS IN 
MELANOMA METASTASES 

All 
tissue] 

Pathology- Metastatic 

TDLN (25)  tissue h5) 
positive non-lym hoid RT-PCR 

marker 

P-hCG (+) 17 68%) 22/40 55% 
Tyrosinase (+) 25 ilOO%) 1: {;%I 39/40 k%] 
MAGE 3 (+) 18 (72%) 11 (73% 29/40 73% 

'Refers to combination of both sites of metastasis; % refers to 
percent positive of total specimen group. 

molecular marker for identifying a subset of cutaneous melano- 
mas. The mechanism for the atavistic expression of the P-hCG 
gene in melanoma and other tumors is unknown. P-hCG has 
been shown to be expressed in other non-gonadal tumors, 
predominantly carcinomas. We now show that P-hCG is also 
present in non-epithelial tumors such as melanoma. However, 
most of these results on other tumors have not been verified 
since antibody analysis was used that is not specific to P-hCG. 
Our approach, using RT-PCR and verification by restriction 
endonuclease digestion plus Southern blotting, provides a 
much more sensitive and accurate analysis of P-hCG~ mRNA 
expression in tumors. This approach also permits the dissocia- 
tion of P-hCG chain from other related gonadotropin P chains. 
Designing a 3' primer close to the 3' terminal site plus oligo dT 
priming also provides more specificity. Spurious mRNA de- 
tected in cells can be due to detection of non-polyadenylated 
mRNA and poor RT-PCR primer location design. 

We demonstrate the presence of P-hCG mRNA expression 
in melanoma cell lines, metastatic melanoma in TDLN and 
non-lymph node sites. The overall P-hCG mRNA expression 
of specimens indicated that melanoma cell lines (75%) had a 
higher frequency than tumor biopsies (55%). The observation 
of cell lines expressing a higher frequency of tumor-related 
genes or antigens than biopsy material is not uncommon 
(Tsuchida et al., 1987). Often, culture conditions accentuate 
tumor marker expression; therefore, it is imperative that 
representative tumor biopsies be assessed to obtain data on 
frequency of expression of a particular gene. The higher 
frequency or over-expression of tumor-related genes by cul- 
tured tumor cell lines may be due to culture adaptation and 
selective advantage. Also, tumor cell lines in culture often 
represent a more clonal type of population as compared to 
tumor biopsy material. We also observed that there was a 
significantly ( p  < 0.05, x* test) higher number of metastatic 
melanomas from TDLN (68%) expressing P-hCG than non- 
lymphoid metastatic tumor biopsies (33%). 

The pathophysiological role of hCG or its subunits in tumors 
is still unknown. It is known that this hormone is essential 
during the early stages of pregnancy (Rothman et al., 1992). 
There are indications that hCG or its subunits inhibit maternal 
cellular immune responses to fetal tissue. Several studies have 
demonstrated that hCG directly immunosuppresses T-cell 
responses (Jacoby et aL, 1984). In malignant cutaneous mela- 
noma, the natural course of disease progression is often 
metastasis to TDLN (Cochran and Hoon, 1987; Hoon et al., 
1987). Lymph nodes draining a primary melanoma tumor are 
often immunosuppressed (Hoon et al., 1987) and offer a more 
favorable environment for metastatic colonies to establish. 
P-hCG expression by metastatic melanoma cells may represent 
a phenotypic characteristic that allows successful colonization 
in lymph nodes. Future studies will determine if this is the 
pathophysiological role of P-hCG. 

Analysis of biopsy material showed that overall expression 
of P-hCG mRNA (55%) was less than that of MAGE-3 mRNA 
(73%) and tyrosinase mRNA (98%). Although the assay we 
developed was highly sensitive, P-hCG mRNA was not de- 
tected in normal lymph nodes and normal donor PBLs, 
demonstrating the assay's specificity. Only one melanoma- 
negative TDLN was shown to be p-hCG-positive; however, it 
was also positive for MAGE-3 and tyrosinase markers. RT- 
PCR analysis has been shown to be more sensitive than 
conventional histochemistry; thus, this finding is not that 
unusual. The presence of all 3 markers in the TDLN strongly 
suggests that occult metastatic melanoma cells are present. 
Previous studies on re-evaluation by immunohistochemistry of 
TDLN from melanoma patients defined as negative have been 
shown to be positive (Cochran et al., 1984). No false-positives 
were detected using our assay system. Future studies will 
involve a much larger patient population to confirm these 
results. The use of more than one marker in RT-PCR analysis 
is important to avoid false-negatives and -positives. P-hCG 
combined with tyrosinase and MAGE-3 may provide an 
excellent multi-marker assay for detecting occult melanoma 
cells in TDLN. Although tyrosinase is a good RT-PCR marker, 
there is still the possibility of false-positives or -negatives. 
Using a second marker that is expressed at a fairly high 
frequency would strengthen the reliability of single-marker 
studies. 

Interestingly, P-hCG levels in the sera of non-pregnant 
patients with gonadal or non-gonadal tumors are more ele- 
vated when compared to hCG or a-hCG levels in sera of the 
same patients (Marcillacet al., 1992). This elevated P-hCG has 
been shown to be highly diagnostic and associated with 
aggressive malignancies. Further studies will define the clinical 
significance of P-hCG expression in subgroups of cutaneous 
melanomas. This study demonstrates the development of an 
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assay system that can use P-hCG mRNA expression as a 
potential diagnostic marker for tumors without detecting 
spurious mRNA. Analysis with a specific cDNA probe by 
Southern blot after endonuclease digestion of RT-PCR cDNA 
product provides a stringent specificity that has not been 
previously used for detecting P-hCG mRNA. Quantitation 
RT-PCR has been used to differentiate some normal tissues 
and tumors expressing @-hCG mRNA. However, this approach 
does not address the problem of detecting related P-chain 
gonadotropins. Cell populations within tumors such as mela- 
noma are heterogeneous in expressing tumor-associated mark- 

ers. Therefore, quantitating mRNA expression by RT-PCR 
using current approaches is not appropriate. The best type of 
RT-PCR tumor marker for diagnostic purposes is one that is 
not expressed by normal tissue in which the tumor cell is 
present. 

ACKNOWLEDGEMENTS 

We thank the clinical staff of the John Wayne Cancer Clinic 
and the technical assistance of Ms. C. Kuo, Mr. D. Garrison 
and Dr. X. Li. Supported in part by PO1 CA2039, NCI. 

REFERENCES 

COCHRAN, A.J. and HOON, D.S.B., Immunological aspects of malig- 
nant melanoma. In: U. Veronesi, N. Cascinelli, and M. Santinami 
eds.), Cutaneous melanoma, pp. 47-61, Academic Press, Orlando, FL { 1987). 

COCHRAN, A.J., WEN, D.-R. and HERSHMAN, H.R., Occult melanoma 
in lymph nodes detected by antiserum to S-100 protein. Znt. J. Cancer, 

COLE, L.A., HARTLE, R.J., LAFERLA, J.J. and RUDDON, R.W., Detec- 
tion of the free P-subunit of human chorionic gonadotropin (hCG) in 
cultures of normal and malignant trophoblast cells, pregnancy sera, 
and sera of patients with choriocarcinoma. Endocrinology, 113, 1176- 
1178 (1983). 
FIDDES, J.C. and GOODMAN, H.M., Isolation, cloning and sequence 
analysis of the cDNA for the alpha-subunit of human chorionic 
gonadotropin. Nature (Lond.), 281,351-356 (1976). 
HOON, D.S.B., BANEZ, M., OKUN, E., MORTON, D.L. and IRIE, R.F., 
Modulation of human melanoma cells by interleukin-4 and in combina- 
tion with gamma interferon or a-tumor necrosis factor. CancerRes., 51, 

HOON, D.S.B., DOI, F., GIULIANO, A.E., SCHMID, P. and CONRAD, A.J., 
The detection of breast carcinoma micrometastases in axillary lymph 
nodes by means of reverse transcriptase-polymerase chain reaction. 
Cancer, 78,533-535 (1995~).  
HOON, D.S.B., KORN, E.L. and COCHRAN, A.J., Variations in func- 
tional immunocompetence of individual tumor-draining lymph nodes 
in humans. Cancer Res., 47,1740-1744 (1987). 
HOON, D.S.B., WANG, Y., CONRAD, A., SCHMID, P., NIZZE, A. and 
MORTON, D.L., Detection of occult melanoma cells in blood with a 
multiple marker olymerase chain reaction assay. J. clin. Oncol., 13, 
2109-2116 (1995bT. 
JACOBY, D.R., OLDING, L.B. and OLDSTONE, M.B.A., Immunologic 
regulation of fetal-maternal balance. Adv. Immunol., 35, 157-208 
(1984). 
KRICHEVSKY, A., CAMPBELL-ACEVEDO, E.A., TONG, J.Y. and ACEV- 
EDO, H.F., Immological detection of membrane-associated human 
luteinizing hormone correlates with gene expression in cultured 
human cancer and fetal cells. Endocrinology, 136,1034-1039 (1995). 
MADERSBACHER, S., KRATZIK, C., GERTH, R., DIRNHOFER, S. and 
BERGER, P., Human chorionic gonadotropin (hCG) and its free 
subunits in hydrocele fluids and neoplastic tissue of testicular cancer 

34,159-163 (1984). 

2002-2008 (1991). 

patients: insights into the in vivo hCG secretion pattern. Cancer Res., 
54,5096-5100 (1994). 
MARCILLAC, I. and 17 OTHERS, Free human chorionic gonadotropin P 
subunit in gonadal and nongonadal neoplasms. Cancer Res., 52, 
3901-3907 (1992). 
MCMANUS, L.M., NAUGHTON, M.A. and MARTINEZ-HERNANDEZ, A., 
Human chorionic gonadotropin in human neoplastic cell. Cancer Res., 
36,3476-3481 (1976). 
MORISAKI, T., YUZUKI, D.H., LIN, R.T., FOSHAG, L.J., MORTON, D.L. 
and HOON, D.S.B., Interleukin 4 receptor expression and growth 
inhibition of gastric carcinoma cells by interleukin 4. Cancer Res., 52, 

MORTON, D.L., WONG, J.H. and KIRKWOOD, J.M., Malignant mela- 
noma in Holland. In: E. Frei I l l  and C.C. Bast (eds.), Cancer medicine 
(3rd ed.), pp. 1793-1824, Lea and Febiger, Philadelphia (1993). 
MOYLE, W.R. and CAMPBELL, R.K., Gonadotropins. In: L.J. DeGroot, 
M. Besser, H.G. Burger, J.L. Jameson, D.L. Loriaux, J.C. Marshall, 
W.D. Odell, J.T. Potts, Jr. and A.H. Rubenstein (eds.), Endocrinology, 
pp. 230-241, W.B. Saunders, Philadelphia (1993). 
NICOLSON, G.L., Paracrine/autocrine growth mechanisms in tumor 
metastasis. Oncol. Res., 4,389-399 (1993). 
ROTHMAN, P.A., CHAO, V.A., TAYLOR, M.R., KUHN, R.W., JAFFE, 
R.B. and TAYLOR, R.N., Extra lacental human fetal tissues express 
mRNA transcripts encoding t i e  human chorionic gonadotropin-P 
subunit protein. Mol. Reprod. Develop., 33,l-6 (1992). 
SELBY, W.L., NANCE, K.V. and PARK, H.K., CEA immunoreactivity in 
metastatic malignant melanoma. Modern Pathol., 5,415-419 (1992). 
SMITH, B., SELBY, P., SOUTHGATE, J., PIITMAN, K., BRADLEY, C. and 
BLAIR, G.E., Detection of melanoma cells eripheral blood by means 
of reverse transcriptase and polymerase clain reaction. Lancet, 338, 

SPRUCK, C.H., GONZALEZ-ZULUETA, M., SHIBATA, A., SIMONEAU, 
A.R., LIN, M.F., GONZALES, F., TSAI, Y.C. and JONES, P.A., P16 gene 
in uncultured tumours. Nature (Lond.), 370,183-184 (1994). 
TALMADGE, K., VAMVAKOPOULOS, N.C. and FIDDES, J.C., Evolution of 
the genes for the p subunits of human chorionic gonadotropin and 
luteinizing hormone. Nature (Lond.), 307,37-40 (1984). 
TSUCHIDA, T., SAXTON, R.E., MORTON, D.L. and IRIE, R.F., Ganglio- 
sides of human me1anoma.J. nut. Cancer Znst., 78,45-54 (1987). 

6059-6065 (1992). 

1227-1229 (1991). 


