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ABSTRACT

Thefi subunitof humanchoriomcgonadotropin(hCG@)is encodedby
four nonallelic CGIJ genes. An assay was developed for distinguishing type
I CGIJnilelicgenes137and136,whIchpossessa GCCcodoncorresponding
to an alanine at position 117 ofhCGfi, from type II CGIJ genes 138, @5,and
133anditsallelefi9,whichpossessaGACcodoncorrespondingtoan
aspartic acid at the same position. In normal trophoblast, hCG@ Is en

coded by type II CG@genes,whereas normal nontrophoblastic tissuesof
differing histological origin (breast, prostate, skeletal muscle, bladder,
adrenal glands, thyroid, colon, and uterus) exprem only type I CG@3genes.
We studied the expression of CGIJgenes in 86 tumor specimens collected
from patients with breast, bladder, prostate, and thyroid cancer and
found that up to 61% of these nontrophoblastic tumors expressed type II
CGIJ genes. Experiments performed on tumor tissues and their normal
counterparts confirmed that the malignant transformation of nontropho
blastic cells is associated with the expression of type II CGIJ genes. These
findings provide the basis for a simple test (the CG117 assay) that may be
useful for the diagnosis of the most frequent malignancies.

INTRODUCTION

hCG3 is a glycoprotein hormone normally secreted by the placenta
and composed of two noncovalently linked molecules, the a and the
13subunits(1).Inadditiontoitsroleinpregnancy,hCGisfoundtobe
secreted in many circumstances: levels of up to 1000 pg/mI are
present in sera of both normal individuals and patients with benign
diseases. The concentration of hCG increases with age, particularly in
females at around the age of 50 (2, 3). Several studies have provided
direct evidence for production of the intact hCG molecule by the
pituitary gland (4â€”6),and it is generally admitted that hCG found in
the blood of healthy subjects and patients with benign diseases orig
mates mainly from the pituitary gland. In cancer patients, increased
serum levels of hCG (>1000 pg/mi) are almost exclusively detected
in cases of gonadal tumors (2). Specific measurement of the free
hCGa subunit led to similar findings: serum free hCGcs levels of up
to 3000 pg/nd are found in both healthy individuals and those with
benign diseases, and increased serum levels of hCGa (>3000 pg/mb)
are most frequently observed in patients with gonadal tumors. In
striking contrast, very low levels of the free hCGI3 subunit (<100
pg/nil) are detected in the sera of healthy subjects (3). Moreover,
increased serum levels of free hCGf3 (>100 pg/mb) are present not
only in patients with gonadal tumors but also in those with nongo
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nadal and nontrophoblastic malignancies (2). In the latter patients,
elevated free hCGI3 levels are most frequently found in the sera of
patients with bladder carcinomas.

These observations prompted us to decipher the genetic changes
associated with the production of the hCG/3 molecule by normal and
neoplastic cells. Whereas the hCGa molecule is encoded by a single
gene present on chromosome 6q21.1â€”q23, the hCGf3 molecule is
encoded by six nonalleic genes called CG(37, or @37;CG(38, or (38;
CG!35, or (35; CGf31, or @31;CG@32,or (32; and CG!33, or (33, which
are @nl@edphysically to a single highly homologous gene encoding the
13subunitof luteiizinghormone.Thesesevennonalleicgenesare
arranged in a single cluster spanning approximately 50 kb and located
On chromosome 19q13.3 (for a review, see Ref. 7). Another gene,
CG136, or (36, is an allele of CG(37 with differences in the 5' untrans
bated sequence (8). Only genes (36, (37, (38, /35, and (33 may encode the
hCGI3 molecule comprising 145 amino acids. Interestingly, partial
DNA sequencing and restriction enzyme analysis of CG(3 genes
indicated that genes /35 and (33 encode the usual aspartic acid found
at position 117 of the hCG(3 protein by amino acid sequencing,
whereas genes (36 and (37 would encode an alanine (9â€”11). The other
two genes, (31 and (32, are considered pseudogenes because they
contain a several hundred bp insertion that replaces the promoter and
most of the 5' untranslated region. Moreover, these two genes contain
a point mutation in the donor splice sequence at the exon 1/intron I
boundary (11).

Various studies were conducted to determine the levels of expres
sion of CG/3 genes in different tissues. A study carried out in first
trimester placenta tissue demonstrated that each of the genes is tran
scribed in vivo, but with highly variable levels of expression: the
relative levels were (35 > (33 = (38 >> (37 (8). Another report showed
that gene (35 is preferentially expressed in neoplastic placenta (12).
Other studies indicated that CGI3 genes are transcribed in normal
testis, in testicular cancers, in urothelial carcinomas, and in melano
mas, as well as in fetal cell lines and in numerous nontrophoblastic
cancer cell lines (13â€”17).However, these reports did not describe the
levels of expression of each CGJ3 gene in these normal and neoplastic
cells. Recently, we investigated the expression of genes (37, (38, (35,
and (33 in both normal urothelium and in bladder carcinomas at
various stages of the disease. After restriction endonuclease analysis
of RT-PCR products, we found that gene (37 is transcribed in normal
urothelium, whereas in bladder carcinomas, one, two, or three of the
genes (38, f35, and (33 may be transcribed, in addition to (37 (18). As

the next step, we reexamined the structural organization of the CGI3
gene cluster and completed the DNA sequencing of this cluster. We
characterized a seventh CG(3 gene, which we called CGIJ9 or (39 and
which is an allele of (33 (Fig. 1). In addition, we determined that genes
@38and 139encode the usual aspartic acid found at position 117 of the
hCGI3 protein, as do genes (35 and (33. Taken together, previous
findings and our recent observations allow a distinction to be made
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CGII7 CGII9 LH@

chromosome 19q13.3@

CGII6 CG@l8 CG@35 CGfII CG@32 CG@33

Fig. 1.Organization ofthe CGI3/1J113gene clus
ter and expression of human CG@ genes. This
cluster is located on chromosome 19ql3.3. CG137
and CG136are allelic,as are CG(39and CG@3.
Only genes CG@7, CG@@6,CG@,8,CG@5, CG139
and CG133code for a protein corresponding to the
hCGf3subunit. However, the codon corresponding
to aminoacid 117 of the maturehCGIJprotein CGIIgene type
(CG117) possesses two distinct nucleotides at its
second base, allowing the distinction to be made
betweentypeICG@genes(GCCatcodon 1l7)and@ 117
type ii CGP genes (GAC at codon I 17). Conse
quently,typeI CGI3genesencodea matureprotein
with an alanine residue at amino acid 117, whereas
type H CG@genes code for a mature protein with
an asparticacidresidueat aminoacid I17.

I I I I

Typel TypeII

GACI 0CC@@ GAC GAC,

1@
ALAAminoacid 117 ASP

between two types of CG(3 genes. Transcription and translation of
genes 136and (.37appear to lead to the synthesis of an hCG(3 protein
with an alanine residue at position 117; these two genes are hereafter
designated as type I CG(3 genes. In contrast, transcription and trans
lation of genes 138,135,133,and (39 should lead to the synthesis of the
hCG(3proteinwith the usual asparticresidueat position 117;the four
latter genes are hereafter designated as type II CGI3 genes.

In the presentstudy, we investigatedthe expression of CG(.3genes
in normal and neoplastic cells of differing histological origin to
determine whether a specific change in the expression of these genes
accompanies the malignant transformation. We found that normal
nontrophoblastic cells of numerous and distinct histological types
expressed type I CG(3 genes but did not express type II CGf3 genes,
which are preferentially transcribed in normal trophoblastic cells. In
contrast, it was striking that transcription of type H CG(3 genes was
frequently associated with the malignant phenotype of nontrophoblas
tic cells. These findings provide the basis for a simple test for the
molecular diagnosis of nontrophoblastic cancer diseases.

MATERIALS AND METHODS

Cell Lines and TissueSamples.Thecell linesusedin this studywere
obtained from the American Type Culture Collection (Bethesda, MD). PBMCs
were obtained from healthy blood donors. Tissues were obtained from patients
who had undergonesurgeryat the InstitutGustaveRoussy, the CentreRenÃ©
Huguenin, the Hopital Henri Mondor, and the Centre Hospitalier PitiÃ©-SalpÃ©t
riÃ©rein accordance with protocols approved previously by the human studies
committee of each institution. Normal and pathological tissue areas were
dissected from each surgical specimen, and histology was determined by visual
examination of adjacent sections stained with H&E. All fragments were stored

in a liquid nitrogen tissue bank until used.

RNA Extraction. Total RNA was prepared using the acid-phenol gua
nidium method (19). The quality of the RNA samples was determined by
electrophoresis through denaturing agarose gels and staining with ethidium
bromide, and the 185 and 285 RNA bands were visualized under UV illumi
nation. Total RNA extracted from normal placenta, prostate, adrenal glands,
pancreas, testis, liver, skeletal muscle, breast (mammary gland), lung, and
kidney tissues were obtained from a commercial source (Clontech, Palo Alto,
CA).

cDNA Synthesis, Total RNA (1 @g)was reverse transcribedusing the
oligodeoxythymidylic acid 16 primer and murine leukemia virus reverse
transcriptase according to the protocol supplied with the GeneAmp RNA PCR
Core kit (Perkin-Elmer Corp., Foster City, CA). cDNA prepared from ovary,

bone marrow, and smooth muscle tissues was obtained from a commercial
source (Clontech).

CGfi mRNADetection.Oligonucleotideprimerswiththe followingse
quenceswerecustomsynthesized(DNAgency, Malvem,PA) as follows: CGI,
5'-GCTACTGCCCCACCATGACC-3'; CG2, 5'-CGGATWAGAAGCCTF
TA'VFGT-3'. Primer designs were specifically selected to avoid amplification
of LHf3 mRNA or contaminatinggenomic DNA: CGI was placed at the

junction between exons 2 and 3 of CGI3genes and presented at its 3' end a
2-bp mismatch with the LH(3 mRNA (CC versus TG) and a 3-bp mismatch
with CG@ genomic DNA (ACC versus GTG). CG2 was fluorescein labeled at
its 5' extremity. The CGf3RT-PCR product is 347 bp.

PCRs were carriedout in a 50-pAreaction volume containing 10 p@lof
the RT reaction, 10 pmol ofeach primer, 200 @Mofeach dNTP (Pharmacia,
Uppsala, Sweden), 1.5 mM MgCI2, 10 mMTris-HC1, pH 8.3, 50 mM KCI,
and 2.5 units of Taq DNA polymerase (Perkin-Elmer Corp.). Amplification
reactions were carried out in 30 sequential cycles of 94Â°Cfor 30 s, 65Â°Cfor
30 s, and 72Â°Cfor 30 s in a Perkin-Elmer 9600 DNA thermocycler.
Aliquots of the PCR products (0.5â€”2@.tl)were added to 2.5 @lof deionized
formamide containing 0.5 @lof a molecular size marker (Genescan 2500
ROX), denatured at 90Â°Cfor 3 mm and loaded onto an 8% denaturing
polyacrylamide sequencing gel. Gels were electrophoresed for 2 h at I500
V in a 373A ABI DNA sequencer.The resultinggel data were analyzed for
peak color, fragment size, and peak area using the Genescan 672 Fragment
Analysis software (Perkin-Elmer Corp.). We assume that the efficiency of
amplification was identical for type I and type II CG/3 mRNAs. Indeed,
amplification was carried out with the same primers, and the nucleotide
sequences of the PCR product were identical with the exception of one or
two nucleotide substitutions, according to the CG@transcript.

CG@mRNA Steady-State Level. The steady-statelevel of hCG@mRNA
was determined using a quantitative competitive PCR method as described
previously (1 8). Measurement of the target was achieved by determining the
concentration at which the internal standard arid target signals were identical.

CG117Assay. COPwasusedtodistinguishtypeI (g36and @37)andtypeII
(f38, @35,and f33 or (39) transcripts based on the existence of an A to C mutation

at codon 117.COP simultaneously uses allele-specific primers conjugated to a
different dye in conjunction with a common primer. The fluorescence of each

dye with respect to its amplified DNA locus was scored on a 373A DNA
sequencer.

The sequences of the two allele-specific primers used were as follows: CG3,
5'-ACCCCCGCTfCCAGGC-3'; CG4, 5'-ACCCCCGCTTCCAGGA-3'.
CG3 and CG4 primerswere labeled with TET and FAM, respectively.The
allele specificity was conferred by the 3' nucleotide of each primer: C for CG3
and A for CG4. The specificity of the resulting mismatches, C:T and A:G, has
been shown to be excellent (20) and was enhanced by primer competition (21)
and the use of the Stoffel fragment (22).

Briefly, COP was carried out in a l0-@ji reaction volume containing 0.1 @.d

of the CG1-CG2 PCR product, 0. 1 pmol of each allele-specific primer (CG3
and CG4), 0.1 pmol of the common primer CG2, 50 @Meach dNTP (Phar
macia), 3 mM MgCl2, 10 nmi Tris-HC1, pH 8.3, 10 mi@iKC1, and 2 units of the
Stoffel fragment of Taq DNA polymerase (Perkin-Elmer Corp.). Amplifica
tions were processed through 5 cycles of 30 s at 94Â°C and 30 s at 65Â°C in a

Perkin-Elmer 9600 DNA thermocycler.

The COP products were analyzed on a 373A DNA sequencer as described
previously. The resulting gel data were analyzed for peak color, fragment size,

and peak area using Genescan 672 Fragment Analysis software.
The ratio between the relative fluorescent units of the two resulting blue and

green peak areas of the ll9-bp COP products is representative of the expres
sion of type I and type II CG@genes, respectively, and enables the definition
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CG@3 CG1I7 CGa LHIJ
Tissue mRNA levelâ€• index, %â€œ mRNAsCmRNAsCPlacenta

High 100 ++Testis

Moderate 50 ++Pituitary
Moderate 18 ++Breast
Moderate 0 ++Prostate
Moderate 0 ++Skeletal

Muscle Moderate 0 â€”+Bladder

Low 0 â€”+Adrenal
Low 0 -+Thyroid
Low 0 -+Colon
Low 0 â€”+Uterus
Low 0 â€”+a

CG@mRNAswerenotdetectedafter30cyclesofPCRinkidney,brain,pancreas,liver,
lung, ovary, smooth muscle, bone marrow, or PBMCs.

bThe CGI 17 indexrepresentsthepercentageof mRNAs transcribedfrom type IICG(3genes
(f38. @5.@3,or @9)among mRNAs transcribed from type I (@7or @6)and typeIICGI3

genes. This index is measured by the CG1 17 assay as described in â€œMaterialsandMethods.â€•C

@,presence of mRNAs: â€”. mRNAs not detected after 30 cycles of PCR.

hCG@GENES AND NONTROPHOBLASTICNEOPLASMS

of an index called the â€œCG117 indexâ€•expressed as follows:

Type II CG(3mRNA
CGll7index(%)= x 100

Type I CG3 mRNA + Type II CG@3mRNA

Most factors known to affect the reliability of PCR-based assays
(quantity and quality of RNA, efficiency of amplification, and so
forth) do not influence the COP assay because (a) results are cx
pressed as a ratio and (b) each type of CG(3 transcript served as a PCR
control for the other type of CGI3 transcript. Consequently, the intra
and interassay coefficients of variation were below 10%.

CGa and LHfi mRNA Detection. The presenceof CGa and LH(3tran
scripts was also checked by PCR using the following primers: CGal, 5'-
AACCGCCCTGAACACATCCT-3'; CGa2, 5'-AACCCCCCATFACTGT

GACC-3'; LH@3l,5'-GCCCCACCATGATGCGCGTG-3';LH@32,5'GAAG
AGGAGGCCTGAGAGTf-3'. PCR was carried out as described previously

for CG@3mRNA detection. CGal and LH$32were fluorescein labeled at their
5' extremity.

Immunohistochemical Studies. Indirect immunoperoxidase staining of
fixed cells or tissues was performedusingmonoclonalantibodyFB12directed
to the 110â€”116carboxyl-terminal portion of hCGI3.This antibody is totally
specific for either hCG or its hCG@ subunit and does not bind to hLH or its

hLH@ subunit (23). The specificity ofthis monoclonal antibody was confirmed
by blocking the staining reaction by means of preabsorption of FB12 antibody
with a 10-fold molar excess of a synthetic peptide analogous to the 110â€”116
hCG/3 region for 18 h at 4Â°C.

The immunohistochemical procedure was performed on paraffin-embedded
sections using an automated immunostainer (Techmate 500, Dako, Glostrup,
Denmark) with the avidin-biotin-peroxidase method. Localization and inten
sity of staining were assessed by two independent pathologists.

m-IRMAs for hCG or Free hCGfi. To measure hCG, we used a highly
sensitive and specific rn-IRMA as described previously. This assay is based on
monoclonal antibodies FBI2 and FBO9, which are directed against the 110â€”
116 and 134â€”145regions of the carboxyl-terminal portion of the hCGI3
subunit, respectively (23). FBI2 and FBO9serve as capture antibodies bound
to a solid phase support, whereas monoclonal antibody HT13, directed against
the hCGa subunit, serves as a radiolabeled indicator probe. The assay (m
IRMA 9-12-13) has a lower limit of sensitivity of 50 pg/mI and demonstrated
no cross-reactions with the free a and (3subunits of either hCG or hLH, or with
intact hLH, human follicle-stimulating hormone, or human thyroid-stimulating
hormone (24).

To measurethe free hCGj3subunitin additionto hCG,we used a m-IRMA
(m-IRMA 9-12-10) based on FBO9and FB12antibodies to specifically capture
hCG or hCG@3on a solid phase supportand on monoclonalantibodyFBT1O
directed to hCG@as tracer (25). Binding of FBTIO to hCG(3was not affected
by amino acid 117.This assay had a limit of sensitivity of 100pg/mI for either
hCG or free hCGf3.

Assays were performed on cell culture supematants either nondiluted or
concentrated 10-fold with Diaflo PM1O ultrafiltration membranes (Amicon,

Beverly, MA).

RESULTS

Numerous Normal Tissues of Differing Histological Types
Transcribe CG and LH Genes. To determine which normal tissues
transcribe CG genes, we carried out RT-PCR on a large panel of total
RNAs extracted from tissues of apparently healthy subjects to meas
ure the overall steady-state levels of CGa and CGj3 mRNAs. In
experiments performed to measure CG(3 gene transcripts, we used
primers that were specific for CGI3 mRNAs and that did not amplify
LH(3 mRNAs. We completed these experiments by independently
detecting LH(3 mRNAs with primers specific for the latter mRNAs.
Quantitative results observed on RNAs from tissue or cell samples of
differing histological origin showed that these tissues or cells be
longed to four distinct categories according to their levels of expres
sion of CG/3 mRNAs (Table 1). As expected, high levels of CG!3
mRNAs were detected in placenta tissue, which represents the first

Table 1 Expression of CG and LII genes in normal tissues. These tissues are ranked
according to their level of expression of CGI3 mRNAs measured by competitive

RT.PCR

category of tissue. Nontrophoblastic tissues of five distinct origins
(pituitary gland, testis, breast, prostate, and skeletal muscle) express
moderate levels of CGf3 mRNAs. In comparison to placenta tissue, the
overall steady-state levels of CGI3 mRNAs in these tissues are 1000-
fold lower, defining a second category of tissues. Nontrophoblastic
tissues originating from bladder, adrenal glands, thyroid, colon, and
uterus express approximately 10-fold lower levels of CG!3 mRNAs
than the former nontrophoblastic tissues, defining a third category of
tissues. Finally, CGI3 mRNAs were not detected in nontrophoblastic
tissues from kidney, brain, pancreas, liver, lung, ovary, smooth mus
dc, or bone marrow, nor in PBMCs, which were all classified into a

fourth category. With the exception of the pituitary gland, we studied
mRNAs from normal tissues collected from 3â€”29individuals. These
mRNAs were either pooled or studied independently: in the latter
case, tissues of similar histological origin consistently ranged in the
same category. Using the same experimental conditions (30 cycles of
PCR), CGa mRNAs were detected in placenta tissues and in all
nontrophoblastic tissues displaying moderate levels of CG/3 mRNAs
with the exception of tissues from the skeletal muscle. In contrast,
CGa mRNAs were not detected in nontrophoblastic tissues express
ing low levels of CGI3 mRNAs. As expected, LH(3 mRNAs were
expressed in the pituitary gland. Indeed, LH(3 mRNAs were detected
in every tissue expressing high, low, or moderate levels of CG/3
mRNA (Table 1).

Normal Tissues of Differing Histological Origin Transcribed
Distinct CGI3 Genes. In a previous work (18), we found that normal
urothelium expresses only @37gene (type I CG(3 gene), whereas
bladder carcinomas expresses genes (35, (33, and (38 (type II CGf3
genes) in addition to (37. We then explored the pattern of expression
of CGI3 genes in normal nontrophoblastic tissues of differing histo
logical origin to determine whether these tissues expressed a pattern
similar to that of normal urothelium or that displayed by the placenta.
To do so, we designed a test called the â€œCG117assay,â€•which
distinguishes mRNAs transcribed by type I CG(3 genes from those
transcribed by type II CG(3 genes (Fig. 2). This test takes advantage
of an A to C mutation in the second base of codon I 17 of CGI3 genes:
type II CGI3 genes display a GAC that encodes an aspartic acid
residue at position 117 of the mature hCGI3 protein, whereas type I
CGI3genesdisplaya0CCthatencodesanalanineresidueatposition
117. This assay measures the CG1 17 index, which indicates the
percentage of mRNAs transcribed by type II CG(3 genes among
mRNAs transcribed by both type I and type II CGI3 genes. This index
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Table 2CGI 17 index in tumar cell lines derivedfrom the breast or bladderCG

117TissueCell
lineDescriptionindex,%aBreastT-47D

ZR-75-l
MCF7
SK-BR-3Ductal

carcinoma
Ductal carcinoma
Adenocarcinoma
Adenocarcinoma0

0
0

23

Bladder

Table 3 Espression of type I and type Ii CG@3genes in tumor tissues of differing
histological type as measured by the CGJI7assayNo.

of patients with % of patients withaNo.
of CGI17 index tumor expressingtypeTumorpatients

>0%Â° H CGI3genesBreast30

1446Bladder34
2161Prostate10
220Thyroid12
3 25

hCG@GENESAND NONTROPHOBLASTICNEOPLASMS

expression of type H CG@3genes in addition to type I CG(3 genes was
a genetic event associated with the malignant transformation of cells
of differing histological types (Table 2). We then used the CG1 17
assay to determine the expression of CG(3 genes in 86 tumor speci
mens collected from patients with breast, bladder, prostate, and thy
roid cancer. It was striking that whatever their histological type, up to
61% of nontrophoblastic tumors were apt to display a positive index,
indicating that the expression of type II CGI3 genes was a common
feature of various nontrophoblastic tumor cells of differing histolog
ical types (Table 3).

To confirm that expression of type II CG(3 genes was associated
with the malignant transformation of nontrophoblastic cells, we per
formed the CG1 17 assay on tumor tissues and their normal counter
parts collected from six patients with breast carcinoma and from four
patients with prostate cancer. Although normal breast tissues, as well
as normal prostate tissues, consistently expressed type I CG(3 genes
and did not transcribe other CG!3 genes (CGll7 index, 0%), three of
six breast tumor specimens and one of four prostate tumor specimens
expressed type II CG(3, with a CG1 17 index between 12 and 33%.

Taken together, these data demonstrate that expression of type II
CGf3genesis specificallyassociatedwith themalignanttransforma
tion of those normal nontrophoblastic tissues that express only type I
CGf3 genes.

Translation of CGI3 mRNAs in Nontrophoblastic Tissues. We
designed experiments to determine whether type I, as well as type II,
CGI3 mRNAs were translated into a mature hCGf3 protein by nontro
phoblastic cells. As the first step, we studied the presence of either
hCG or hCG(3in tissue specimens chosen as expressing only type I
CG!3 genes (normal prostate) or as expressing both type I and type II
CGI3 genes (normal testis). In addition, placenta was used as a tissue
expressing type H CG(3 genes at very high levels. In situ detection of
either hCG or hCG(3 was performed by immunohistochemistry using
monoclonal antipeptide antibody FB12 directed against the 110â€”116
portion of hCGf3. This antibody is totally specific for hCG and hCGI3
and does not bind to hLH or hLHf3 (23). Moreover, its binding to
hCGI3 is not affected by the presence of an alanine residue instead of

5' GCC 3' PCR
3' CGG 5' PRODUCTS

TET.â€” C â€”- - -*
3' CGG 5'

FAM.__A ----*
3' CTG â€”5'

DNASequencer

Fig. 2. Principle of the CG117assay. Total RNA was extracted from a tissue specimen
and reverse transcribed before specific amplification of CG@ cDNAs with CG1 and CG2
primers. COP was used to distinguish between type I (@7and @6)and type II (p8. @5.@3.
and @9)CGf3genes: CG3 allele-specific primer labeled with TET amplifies products of
type I CG@9genes, whereas C04 allele-specific primer labeled with FAM amplifies
products oftype II CG@ genes. The ratio between the two resulting green (TET) and blue
(FAM) peak areas was recorded on a 373A DNA sequencer (Perkin-Elmer Corp.). This
ratio is representative oftype I and type II CG@transcripts and allows the definition of an
indexcalledCG117,whichrepresentsthepercentageof typeIICG(3mRNAsamongtype
I and type II CGI3mRNAs.

varies from 0% in tissues that transcribe only type I CG(3 genes to
100% in tissues that transcribe only type II CG(3 genes. Results
presented in Table 1 show that placenta tissue displayed a CGll7
index of approximately 100%, as expected for a tissue that transcribes
type II CGf3 genes at very high levels. In contrast, with the exception
of testis and pituitary tissues, every normal nontrophoblastic tissue
previously found to transcribe CGI3 genes displayed a CG117 index of
0%, indicating that these tissues transcribe only type I CGI3genes. In
the testis, type I and type II CG(3 genes appeared to be equally
transcribed, with a CG117 index of 50%, whereas in the pituitary
gland, type II CG(3 genes are transcribed in part, with a CGll7 index
of 18%.

Acquired Expression of CGfi Genes 1@8,@iS,@i3,and f39 Ac
companied the Malignant Transformation of Nontrophoblastic
Tissues ofDiffering Histological Types. We next examined whether
normal nontrophoblastic tissues expressing type I CG(3genes contin
ued to transcribe only these allelic genes during their malignant
transformation or acquired a pattern of expression similar to that
displayed by normal trophoblastic tissues and characterized by the
expression of type H CGI3 genes. We first studied a panel of tumor
cell lines derived from either breast or bladder carcinomas. Positive
CG117 indexes were found in one of fourand six of seven tumorcell
lines derived from the breast and bladder, respectively, suggesting that

T24 Transitional cell carcinoma 0
RT112 Transitional cell carcinoma 61
TCCSUP Transitional cell carcinoma 68
HT-1376 Transitional cell carcinoma 71
5637 Transitional cell carcinoma 81
J82 Transitional cell carcinoma 83
UM-UC-3@ Transitional cell carcinoma 92

a The CGll7 index represents the percentage ofmRNAs transcribed from type II CG@

genes among mRNAs transcribed from type I and II CG(3 genes. This index is measured
by the CG117 assay as described in â€œMaterialsand Methods.â€•

a .@ CG1 17 index represents the percentage of mRNAs transcribed from type II CG@

genes among mRNA transcribed from type I and II CG@3genes. This index is measured
by the CGll7 assay as described in â€œMaterialsand Methods.â€•
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hCG@GENESAND NONTROPHOBLASTICNEOPLASMS

Fig. 3. In situ detection of the hCG(3protein in tissues expressing type I CG@genes (normal prostate) or type I and type II CGfJ genes (normal testis). Tissue sections, processed
as described in â€œMaterialsand Methods,â€•reacted with monoclonal antibody FB12 directed to the (110â€”116) region of hCGj3,demonstrating hCG@in epithelial cells of prostate (A),
hCG@in Leydig cells of testis (B), and hCG@in trophoblastic cells of placenta as positive control for cells expressing type II CGI3genes at very high levels (C). Dâ€”F,specificity control,
monoclonal antibody FBI2 preabsorbed with a 10-fold molar excess of hCG@ (110â€”116)peptide. Magnifications are as follows: A, X 125; B, X320; C, X 125; D, X 125; E, X250;
F, Xl25.

an aspartic acid residue at position 117 (data not shown). Thus,
antibody FB12 recognized the protein product of both type I and type
II CGI3 genes. Results observed with monoclonal antibody FB12,
shown in Fig. 3, indicate that tissues expressing type I or type II CG!3
genes contained cells that translated CGI3 mRNAs. In normal prostate
tissues, only epithelial cells translated type I CG(3 genes, as demon
strated by FB12 staining (Fig. 3A). In normal testis, type I and type II
CGI3 genes were translated by Leydig cells (Fig. 3B). Finally, type II
CGf3 genes were translated, as expected, by trophoblastic cells of
placenta (Fig. 3C). The specificity of FB12 staining for hCGI3 was
demonstrated by the absence of staining of FB12 preabsorbed with a
10-fold excess of hCGj3 (1 10â€”116) peptide in these tissues (Fig. 3,
D-fl.

To study not only the translation of type I and type II CGI3mRNAs
but also the secretion of the translated protein, we used two bladder
tumor cell lines, T24 and RTI 12, as a model system; in effect, it had
been reported that T24 cells did not secrete hCG or hCGI3, whereas
RTI 12 cells secreted only the free hCGf3 subunit (26). Using the same
batches of cells, we studied: (a) the expression of CGI3 genes using
the CG1 17 assay; (b) the in situ localization of hCG(3 by immuno
chemistry with monoclonal antibody FB12; and (c) the secretion of
this protein with two different m-IRMAs (rn-IRMA 9-12-10 and
m-IRMA 9-12-13; both assays are based on capture by monoclonal
antipeptide antibodies FB12 and FBO9 of either hCG or its free hCG(3
subunit). FBO9 antibody is directed to the 134â€”145portion of hCGf3
(23), and its binding is not affected by amino acid 117. rn-IRMA
9-12-10 uses monoclonal anti-hCGj3 antibody FBT1O as a tracer and
detects either hCG or its free hCG!3 subunit, whereas rn-IRMA

9-12-13 uses monoclonal anti-hCGa antibody HT13 as a tracer and
detects only hCG (2). Using the CG1 17 assay, it was found that T24
cells expressed only type I CGI3 genes (CG1 17 index, 0%), whereas
RT1 12 cells expressed type I and type II CG(3 genes (CGI 17 index,
61%). Fig. 4 shows that strong staining was observed in the two cell
lines by immunohistochemistry with the FB12 antibody. Moreover,
rn-IRMA 9-12-10 detected free hCG(3 levels of 32 and 210 pg/mi in
supernatants of the T24 and RTll2 cells, respectively. In addition,
rn-IRMA 9-12-13 did not detect hCG in those supernatants, indicating
that only the free hCGJ3 subunit was secreted by these cells. Taken
together, these observations indicate that protein products of both type
I and type II CGI3 genes were detected in situ in cells transcribing
these genes and that the translated protein products were secreted by
these cells.

DISCUSSION

This study demonstrates that expression of CGa and CG(3 genes is
a common feature of a great variety of normal nontrophoblastic cells
of distinct histological types. During the last two decades, numerous
reports have described the production of a human chorionic-like

substance by various normal human tissues, including pituitary, testis,
colon, ovary, kidney, bladder, lung, and liver (27â€”32).However, it
was only with the development of specific immunoassays for the
dirneric hCG molecule and, independently, for its free hCGa or hCG!3
subunit that it became possible to distinguish between the production
of hCG and that of â€œhCG-likesubstances,â€•including hLH, and
between the production of dimeric hCG and that of its free subunits
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Fig. 4. Translation of type I and type II CG(3mRNAs by bladder cell lines. The hCG@3mRNA pattern was determined as described in â€œMaterialsand Methods.â€•In situ detection
of either hCG or free hCG@protein in bladder cells was performed by immunohistochemistry with monoclonal antipeptide antibody FBI2 directed against the (110â€”I16) portion of
hCGI3demonstrating hCG@in T24 cells(A and B), hCGI3in RT112 cells (D and E), and specificity control, monoclonal antibody FB12 preabsorbed with a 10-fold molar excess of
hCGf3 (110â€”116)peptide (C and F). Magnifications are as follows: A, X400; B, X250; C, X250; D, x400; E, X250; F, X250. hCG levels were measured with monoclonal antibodies
FBO9, FBI2, and HT13 (rn-IRMA 9-12-13). Free hCG@ levels were measured with monoclonal antibodies FBO9, FBI2, and FBT1O (m-IRMA 9-12-10). NDÂ°,not detected.

(33). It was then found that hCG was present in the sera of healthy
individuals (2, 3), and it was demonstrated that the pituitary gland was
the major source of hCG in normal nonpregnant subjects (4â€”6).
However, the sensitivity of immunoassays remained a limitation for
detecting very low levels of hCG: as a representative example, thou
sands of pituitary glands had to be used for isolating and character
izing hCG produced by this gland (6). Due to this lack of sensitivity,
it remained unclear whether other normal nontrophoblastic tissues
produced hCG. The present study clarifies that point, demonstrating
that in addition to the pituitary gland, normal nontrophoblastic tissues,
including tissues from testis, prostate, and breast, transcribe both CGcs
and CGI3genes. Interestingly, these tissues also transcribe LH(3genes,
but the use of specific primers for CGI3genes and, independently, for
the LHI3gene, allowed the distinction between these genes in terms of
their expression, although they display greater than 90% similarity in
their nucleotide sequences (9). Several studies performed on normal
placenta and on various trophoblastic and nontrophoblastic cell lines
have shown that synthesis of either the hCGa or hCGI3 subunit
generally correlates well with the steady-state levels of the cone
sponding mRNAs (34â€”36). To check for the presence of hCG or
hCGf3 protein in normal cells, we used monoclonal antipeptide anti
body FB 12, which binds only to hCG or hCGI3, and the binding of
which is not affected by amino acid 117. Irnmunohistochemical stud
ies performed on normal prostate and normal testis tissues confirmed
the presence of either hCG or hCGI3 protein. Interestingly, the pro
duction of mature protein is strictly limited to cells of a given
histological type, i.e., epithelial cells in prostate and Leydig cells in
testis (Fig. 3). In addition, these experiments also dernonstrate that
every CGI3 rnRNA may be translated into a mature protein. Prostate
tissue, which expresses only type I CG(3 genes (/37 or (36) and testis
tissue, which transcribes both type I and type H ((38, (35, (33, and (39)

genes, translate CGI3 rnRNAs equally well, as demonstrated by the
staining of these tissues by FB12 antibody (Fig. 3). Taken together,
these observations confirm that various normal nontrophoblastic tis
sues of distinct histological types have the capacity to produce hCG.

Another result of this study is that various normal nontrophoblastic
tissues express CG!3 genes, whereas, under similar experimental con

ditions (30 cycles of PCR), CGa rnRNAs were not detected. It is
noteworthy that aside from the skeletal muscle, the steady-state levels
of CGJ3 rnRNAs in tissues that do not express CGa gene are 10-fold
lower than those observed in tissues transcribing both CGcx and CG(3
genes. The variable steady-state levels of CGj3 mRNAs in different
tissues might be due either to variable transcriptional activity in
nontrophoblastic cells of distinct histological origins or to differing
distribution of cells transcribing CGI3 genes into a given tissue. A
direct consequence of low transcriptional activity of CG(3 genes in
tissues, including bladder, adrenal glands, thyroid, colon, and uterus,
might be that the immunohistochemical technique may miss identifi
cation of hCGf3 protein, as already observed (37). Similarly, immu
noassays for hCGI3 might not be sensitive enough to detect the
secretion of normal cells expressing CGf3 genes. To our knowledge,
only one report (3) describes an irnmunoassay specific for the free
hCGf3 subunit and capable of detecting hCGI3 serum levels below 100
pg/mi. Using this assay, very low amounts of free hCG(3 subunits,
around 20 pg/mI, were detected in normal nonpregnant subjects (3).
Taken together, the latter observation and our present findings
strongly suggest that very low levels of the free hCGj3 subunit present
in the sera of healthy individuals originate in nontrophoblastic cells of
differing histological types.

The most important result of this study is that malignant transfor
mation of nontrophoblastic tissues is associated with the expression of
CGI3 genes normally transcribed in trophoblastic cells. Recent studies
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on human cancer cells and on cells isolated from cancer tissues
showed that neoplastic cells transcribe CG/3 genes and translate
rnRNAs into the hCG(3 molecule (16, 38, 39), leading to increased
levels of free hCG(3, as detected in the sera of patients with malignant
diseases of differing histological types (2). These observations raised
the question as to whether the â€œdefinitiveâ€•cancer biomarker had been
found (40). However, the present study demonstrates that the tran
scription of CG/3 genes is not a specific feature of malignant tissues,
and detection of CGI3 mRNAs by RT-PCR using current approaches
is not appropriate for distinguishing normal cells from neoplastic cells
(17). In contrast, the thorough investigation of CG(3 genes expressed
by nontrophoblastic tissues using the CG117 assay led to one striking
finding: normal nontrophoblastic tissues that express only type I CG(3
genes acquire the expression of type II CG(3 genes during the malig
nant transformation. Initially, we observed expression of type H CG(3
genes in cultured cell lines derived from breast and bladder cancers
(Table 2). Because culture conditions may modify gene expression, it
was imperative that tumor biopsies be assessed to obtain data on the
frequency of expression of type II CG(3 genes. Results observed on
tumor specimens collected from 86 patients with either breast, blad
der, prostate, or thyroid cancer indicated that the percentage of cancer
patients expressing type II CGI3 genes varied from 20% in patients
with prostate cancer to 61% in patients with bladder cancer (Table 3).
To further confirm that expression of type II CG!3 genes was associ
ated with the malignant phenotype, we used the CG1 17 assay to
determine the pattern of CGI3 gene expression in tumor specimens and
in their normal counterparts. Experiments performed on tissues col
lected from 10 patients with either a prostate or a breast cancer
confirmed that these normal tissues consistently expressed type I CGJ3
genes, whereas one of four prostate tumor specimens and three of six
breast tumor specimens expressed type II CG(3 genes in addition to
type I CGI3 genes. In tumor specimens, CG1 17 indexes were between
12 and 33%. The exact value of the CG117 index can be affected by
the presence of normal tissue contaminating tumor tissue. However,
the CG1 17 assay is sensitive enough to specifically detect a low
number of type II CG(3 transcripts, allowing the detection of tumor
tissue contaminated by normal tissue and expressing type II CGI3
genes.

Several explanations may account for these observations. Previous
work from different laboratories showed that synthesis of hCGJ3 by
tumor cell lines was not due to gene amplifications, deletions, or
major DNA rearrangements (26, 34, 36, 41). Results observed in
bladder or breast cell lines and in breast cancer biopsies after Southern
blotting confirm these observations (data not shown). Other mecha
nisms explaining expression of CG(3 type II genes in neoplastic cells
include: (a) critical and as yet undetected differences in DNA se
quence among promoter regions of CG(3 type I and type H genes; (b)
change in the pattern of DNA methylation that could affect expression
of type II CG genes; (c) differential requirements for specific or
general transcription factor; and (d) a combination of such mecha
nisms. The pattern of methylation in fully differentiated cells cone
lates with gene expression, and several lines of evidence suggest that
methylation plays a role in maintaining the active/inactive status of
the gene (42). In keeping with these observations, the entire CGj3
locus appears very undermethylated in the placenta (36), which is
characterized by the expression of type H CG(3 genes at very high

levels. In addition, changes in the pattern of DNA methylation have
been a consistent finding in cancer cells (43). Therefore, the most
likely explanation for the transcription of type II CG(3 genes in
neoplastic cells of differing histological origin might be that demethy
lation of critical sites plays a major role in the transcriptional activa
tion of type H CG!3 genes.

Expression of type II CGI3 genes, in addition to type I CG(3 genes,

by nontrophoblastic tumor tissues of differing histological types
raised the question of translation of these rnRNAs and secretion of the
hCGI3 protein by these neoplastic cells. Experiments performed with
bladder cancer cell lines as a representative model of nontrophoblastic
tumor cells demonstrated that both type I and type II CG(3 rnRNAs are
translated and that the hCGI3 protein is secreted (Fig. 4). Because
these observations indicate that the protein product of CG(3 genes is
secreted by nontrophoblastic tumor cells, it is still unclear why free
hCGI3 serum levels are detected only in a limited percentage of
patients with cancer diseases. Several explanations may account for
these findings. RT-PCR techniques are much more sensitive than
immunoassays for detecting expression of a given gene (17). Detec
tion of a protein product excreted by a tumor in blood is dependent on
both the level of secretion of the protein by neoplastic cells and the
vascular system, which is essential for removing metabolic products.
Angiogenesis, the sprouting of new capillaries, is a prerequisite for
tumor growth and metastasis (44), and several studies were carried out
in an attempt to correlate the expression of angiogenic factors with the
malignant phenotype (45, 46). Whereas expression of type H CG(3
genes, as detected by the CG1 17 assay, is a marker for the â€œswitchto
the malignant phenotype,â€•the presence of free hCGI3 in serum might
be dependent not only on a switch to the malignant phenotype but also
on a â€œswitchto the angiogenic phenotypeâ€•(46).

It was already observed that although the placenta is made up of
normal tissue, its trophoblastic cells share several common features
with neoplastic cells (47). Trophoblasts are plentiful sources of
growth factors, hormones, and growth factor receptors, and several
reports suggest autocrine growth control (48, 49). Furthermore, most
known proto-oncogenes have also been found to be expressed in
placenta (50). Their invasiveness, high cell proliferation, immune
privilege, and lack of cell contact inhibition have led to the definition
of the trophoblast as a pseudomalignant type of tissue (51). In this
context, it is striking that nontrophoblastic tumor cells display a
pattern of CG(3 gene expression that is close to the pattern expressed
by the normal trophoblast. It remains to be determined whether such
a pattern is indicative only of the phenotypic transformation of normal
cells into malignant cells or whether expression of type H CGI3 genes
has biological relevance in terms of growth of malignant cells because
several pertinent observations argue for growth factor activity of
either hCG or its free hCG/3 subunit (37, 52, 53).

In conclusion, identification of the earliest genetic or epigenetic
changes associated with the malignant phenotype is a major focus in
molecular cancer research. Diagnostic approaches based on identifi
cation of these changes are likely to yield implementation of either
early detection or follow-up strategies. This study provides the basis
for a simple test that might be useful for the diagnosis or management
of the most frequently encountered malignancies, including breast,
prostate, and bladder cancers.
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