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To confirm the ectopic production of human chorionic
gonadotropin (hCG) in lung cancer, we attempted to detect
the presence of mRNA transcripts of the a and b genes for
hCG in lung cancer tissues obtained from surgical operations.
Although we were able to show the presence of hCGb mRNA
transcripts in lung cancer tissue byNorthern blot, the sensitiv-
ity of the assay was too low for a precise analysis of hCGb
mRNA transcripts in most lung cancers. Using reverse tran-
scription PCR (RT-PCR) and Southern blot analysis, however,
various amounts of mRNA transcripts of hCGb genes 3, 5, 7
and 8 were demonstrated in 9 of the 14 lung cancer tissues
examined, while no mRNA transcripts were detectable in 12
normal lung tissues from the same patients. Our results are
consistent with a clear difference in serum and urinary hCGb
levels observed between normal subjects and lung cancer
patients. The expression of the hCGa gene, however, was
detected in normal lung tissues more frequently than in lung
cancer tissues using RT-PCR Southern blot. Our results
strongly suggest the production of hCGb as being part of the
phenotype of malignantly transformed lung cells and further
strengthen its superior specificity over intact hCG or hCGa
as a tumor marker for lung cancers. Int. J. Cancer 71:539–544,
1997.
r 1997 Wiley-Liss, Inc.

Human chorionic gonadotropin (hCG) is a glycoprotein hor-
mone composed ofa andb subunits and is normally produced by
trophoblastic tissues in pregnant women. hCG has been used as a
tumor marker for malignant trophoblastic disease and germ cell
tumors originating from non-placental tissues such as testis (Hussa,
1981). In addition, the production of an hCG-like substance by a
variety of tumor cells has also been recognized as an ectopic
production of hCG. However, the frequency of ectopically hCG-
producing tumors has been considered to be low.
Advances in the biochemical analysis of hCGb have revealed

that immunoreactive hCGb consists of intact hCG, free hCGb, and
hCGb-related low m.w. material termed hCGb core fragment
(b-CF) (Nishimuraet al., 1989). The development of sensitive
methods for individual analysis of these molecules has demon-
strated that isolated hCGb production is frequently observed in
several types of cancers (O’Connoret al.,1988; Yoshimuraet al.,
1994). In a previous study, we proposed thatb-CF in the urine
could be used as a sensitive tumor marker for lung cancer, since as
many as 50% of lung cancer patients showed increased concentra-
tions of urinaryb-CF (Yoshimuraet al.,1994).In vivoanalysis has
suggested thatb-CF is a metabolic product of hCGb protein
(Nishimura et al., 1995); this finding has not been definitely
proved.
The production of hCG protein is regulated by the synthesis ofa

and b proteins encoded by different genes. HCGa protein is
encoded by a singlea gene common to all glycoprotein hormones
including hCG, luteinizing hormone (LH), follicle-stimulating
hormone (FSH) and thyroid stimulating hormone (TSH) (Jameson
and Hollenberg, 1993). In contrast, hCGb protein is encoded by a
unique set of multiple hCGb genes localized on chromosome 19,
and LHb is encoded by a homologous gene within the hCGb gene
clusters (Jameson and Hollenberg, 1993). Among 6 genes (hCGb
1, 2, 3, 5, 7 and 8) identified by RT-PCR and cDNA cloning, as

expressed genes in the placenta, only hCGb genes 3, 5 and 8 are
actively transcribed (Bo and Boime, 1992). Sequence analysis of
cDNA has revealed that mRNA transcripts of only hCGb genes 3,
5, 7 and 8 (designated as theb5 group) encode normal hCGb
protein, whereas the predicted peptide sequences deduced from
hCGb 1 and 2 cDNA indicated that normal hCGb protein would
not arise from the sequences (Bo and Boime, 1992; Strausset al.,
1994).
Based on these clinical and biochemical observations, we

performed Northern blot and RT-PCR analysis of hCGb and -a
genes in lung cancer tissues to confirm ectopic hCGb production at
a molecular level.

MATERIAL AND METHODS

Samples

Surgically removed lung cancer tissues from 14 patients (12
males, 2 females), aged between 52 and 78 years, were obtained at
the Hyogo Medical Center for Adults. Normal lung tissues apart
from the cancer tissues were available in 12 of the 14 patients.
Histological diagnoses of the cancer and normal tissues were
performed by the pathology department of the Medical Center. All
tissues were snap-frozen in liquid nitrogen and kept at285°C until
used. NJG choriocarcinoma (kindly provided by Dr. Nozawa, Keio
University School of Medicine, Tokyo) and Jurkat T leukemic cells
were cultured in Ham’s F 12 medium and RPMI 1640 medium,
respectively. Both media were supplemented with 10% FCS.
Cultured cells were either processed immediately for RNA extrac-
tion or kept frozen until used.

Enzyme immunoassay
Concentrations of intact hCG, free hCGb and b-CF were

measured in the serum and urine of patients with lung cancer by 3
types of enzyme immunoassay (EIA), as previously described
(Yoshimuraet al., 1994). In all 3 EIAs, the sensitivity was 0.01
ng/ml, and the cross-reactivities of human pituitary glycoprotein
hormones (LH, FSH and TSH) were below 0.5%. The cut-off
values, set at mean1 2 SD of the concentrations in healthy
individuals (n5 112), of intact hCG, free hCGb andb-CF in the
serum were 0.2, 0.1 and 0.1 ng/ml, respectively, and 0.2, 0.1 and
0.2 ng/(mg of creatinine in the urine), respectively.

Immunohistochemistry
Immunohistochemical staining was performed on formalin-fixed

sections using the streptavidin-biotin method with an LSAB kit
obtained from DAKO (Carpinteria, CA). Affinity-purified poly-
clonal antibody against hCGb-carboxy terminal peptide was used
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as a primary antibody, as described previously (Yoshimuraet al.,
1994). This hCGb-CTP antiserum revealed less than 0.3% of the
cross-reactivities for the pituitary gonadotropins.

RNA extraction
Total RNA from cultured cells and tissues was extracted by

Trizol (BRL, Gaithersburg, MD). PolyA1 RNAwas purified using
an oligo(dT) cellulose column.

Northern blot
Denatured RNAsamples were electrophoresed in a 1.2% agarose

gel containing formaldehyde and transferred to a nylon membrane
(Boehringer Mannheim, Germany). The membrane was prehybrid-
ized for 1 hr and hybridized overnight at 68°C with a digoxigenin-
labeled hCGb cDNA probe. The probe used was a 362-bp Ava
I/Puv II fragment of hCGb474 cDNA (a kind gift of Dr. Otani,
Kobe University, Kobe), as described (Bo and Boime, 1994). The
membrane was washed and detected as described (Nishimuraet al.,
1995). Then the same membrane was rehybridized sequentially
with hCGa (Fiddes and Geedman, 1979) and humanb-actin
(Nakajima-Iijimaet al.,1985) cDNAprobes.

RT-PCR and Southern blot
One µg of heat-denatured total RNA from each sample was

reverse transcribed using random hexamer and a SuperScript
preamplification system (BRL). One-tenth of the cDNA was
amplified in 100 µl of PCR buffer, consisting of 10 mM Tris-HCl
(pH 8.3), 50 mM KCL, 200 mM dNTP mixture, appropriate
concentrations of MgCl2 and 2.5 U of Taq DNA polymerase
(Takara Syuzo, Kyoto, Japan). Primers A, B and C, described by
Strausset al.(1994), were used to amplify hCGb 3, 5, 7, 8 or hCGb
1 and 2 cDNA; hCGb 3, 5, 7 and 8 cDNA was amplified as a
540-bp fragment by primers A, located at hCGb cDNA 2351/
2335 and C at1191/1211; hCGb 1 and 2 cDNAwas amplified as
240- and 410-bp fragments by primers B at280/260 and C.
Binding sites of primers A and B are localized in exon 1 and that of
primer C is in exon 3 of hCGb genes. Therefore, the amplified
products from contaminating genomic DNA by primers A and C or
B and Cwould be identified as discrete 1,148- or 977-bp fragments,
respectively.
The sequences of these primers were as follows: A: 58-

TCGGGTCACGGCCTCCTCCTGG; B: 58-CCCCAGTGCTTGC-
GGAAGATA; C: 58-CCGGCAGGACCCCCTGCAGCA. Amplifi-
cation of hCGb cDNAwas carried out in PCR buffer containing 2.5
mM MgCl2 for 35 cycles with annealing for 2 min at 65°C,
extension for 3 min at 72°C and denaturation for 1 min at 94°C.
The primer sequences for hCGbwere: 58-GCCATGGATTACTA-

CAGAAAATAT (located at hCGb cDNA 148/171) and 58-
CAGTAAAGCTGCAGTATATCCTTG (at 1476/1499) (Fiddes
and Geedman, 1979). hCGa cDNA was amplified in PCR buffer
containing 1.5 mMMgCl2 for 35 cycles with annealing for 2 min at
55°C, extension for 3 min at 72°C and denaturation for 1 min at
94°C.
The primer sequences for glyceraldehyde-3-phosphate dehydro-

genase (GAPDH) gene were: 58-CATCACCATCTTCCAGGAGC
and 58-GGATGATGTTCTGGAGAGCC (Tokunagaet al., 1987).
GAPDH cDNA was amplified for 30 cycles with annealing for 1
min at 60°C, extension for 1 min at 72°C, and denaturation for 1
min at 94°C. Ten microliters of each PCR product were subjected
to electrophoresis in a 1.5% agarose gel. For hCGb and hCGa, the
gel was alkali-denatured, and the amplified DNAwas transferred to
a nylon membrane. The membrane was prehybridized for 1 hr and
hybridized overnight at 68°Cwith digoxigenin-labeled oligonucleo-
tide probes. The sequences of the oligonucleotide probes were:
hCGb: 58-CTGCCCCGTGTGCATCA (located at hCGb cDNA
1126/1142) and hCGa: 58-CCACTAAGGTCCAAGAAGACG
(at hCGa cDNA 1240/1260). The membrane was washed and
detected as described by Nishimuraet al.(1995).

RESULTS

Northern blot analysis of hCGgenes

One microgram of total RNAwas sufficient to obtain significant
signals for both hCGb anda gene expression in normal placenta
tissue, while 10 µg of total RNA from lung cancer tissue (from
patient 1 in Table I) gave no signal on the blot (Fig. 1). Thirty
micrograms of polyA1 RNA, corresponding to 1 mg of total RNA,
were required to obtain a comparable signal for hCGb gene
expression in the lung cancer tissue. HCGb expression was not
detectable in the lung cancer tissue.

Ethidium bromide staining of RT-PCR products
Analysis of RT-PCR products amplified with primers A and C

showed a 540-bp fragment in placenta, NJG and lung cancer tissues
from patient 1 (Fig. 2A). This fragment corresponds to the
amplified cDNA of hCGb 3, 5, 7 and 8, as previously described
(Strausset al.,1994). Amplification products of 244- and 410-bp,
corresponding to hCGb 1 and 2 cDNA, were clearly observed in
RT-PCR products of placenta RNA using primers B and C (Fig.
2A). Faint bands of 244-bp product were also observed in the
products of NJG RNA, but not in those of RNA from lung cancer
tissue and leukemic T cells.

FIGURE 1 – Northern blot analysis ofa and b genes ofhCG.
Indicated amounts of RNA from normal placenta, NJG choriocarci-
noma cells and lung cancer tissue of patient 1 (Table I) were
electrophoresed in a 1.2% agarose gel and blotted onto a nylon
membrane. Hybridization and detection were performed sequentially
using digoxigenin-labeled hCGb, hCGa andb-actin probes.

TABLE I – SERUM FREE HCGb, URINARY b-CF AND EXPRESSION
OF HCGb IN LUNG CANCER

Patient Histologic
type1 Stage hCGb

(ng/ml)
b-CF

(ng/mg Cr)
Expression

of hCGb gene2

13 AD IIIB 2.12 20.61 111
2 SQ I 0.01 0.03 1
3 AD IIIA 0.01 0.70 2
4 SQ IIIA 0.01 0.03 2
53 LA IIIA 1.74 22.01 111
6 AD I 0.02 0.02 1
7 AD IIIB 0.06 0.12 2
8 AD IIIA 0.14 0.19 1
9 AD I 0.04 0.03 11
10 AD II 0.05 0.43 2
113 SQ IIIA 0.25 0.35 11–111
123 AD IIIA 0.16 7.02 1
13 SQ II 0.06 0.74 2
143 AD I 0.41 0.32 11

1AD, adenocarcinoma; SQ, squamous cell carcinoma; LA, large cell
carcinoma.–2Arbitrary amounts of hCGb 3, 5, 7 and 8 gene expression
based on the data of Figure 4A.–3Positive immunohistochemical
staining for hCGb.
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A 502-bp fragment of hCG transcripts was observed only in
placenta and NJG (Fig. 2B). The almost equal intensity of the
404-bp fragment corresponding to GAPDH mRNA expression in
each sample indicated the integrity and equal quantity of sample
RNA.

RT-PCR Southern blot analysis of HCGb gene expression in lung
cancer and normal lung tissues
Fourteen lung cancer patients (with 9 adenocarcinomas, 4

squamous cell carcinomas and 1 large cell carcinoma) with various
levels of serum free hCGb and urinaryb-CF were selected for
RNA analysis (Table I). According to the cutoff values, 6 patients
had elevated levels of serum free hCGb, and 8 patients had
elevated levels of urinaryb-CF. Among 5 patients with elevated
levels of both, 2 patients (patients 1 and 5) showed extremely high
levels of urinary b-CF. Immunohistochemical localization of
hCGb was observed in cancer tissues from 5 patients, including
patients 1 and 5 (Fig. 3, Table I).
Although hCGb gene expression was demonstrated in the cancer

tissue from patient 1 by both Northern blotting and ethidium
bromide staining of RT-PCR products (Figs. 1, 2), no expression
was detected in most of the lung cancer tissues using these methods
(data not shown). Therefore, we performed Southern blot analysis
of PCR products using an hCGb-specific oligonucleotide probe.
Aliquots of placenta cDNA corresponding to 1/10 to 1/10,000 of
sample cDNAwere amplified as standards for semi-quantitation of

samples. By this method, 9 of the 14 lung cancer tissues were found
to contain various levels of hCGb gene 3, 5, 7 and 8 transcripts,
ranging from 1/100 to 1/10,000 of that in placenta (Fig. 4A, Table
I). Expression of the gene was not restricted to any precise
histologic type.
Because of the limited number of samples and differences in the

size of tumors, it is not appropriate simply to correlate the levels of
hCGb gene expression in the tissues with the serum or urinary
concentrations of hCGb in these patients. However, cancer tissues
from patients 1 and 5 with highly elevated levels of hCGb showed
considerably higher concentrations of gene expression (roughly
corresponding to 1/100 of that in the placenta) than did the other
samples. Patient 11, with moderately increased amounts of serum
free hCGb and urinaryb-CF, also showed a strong signal of hCGb
3, 5, 7 and 8 transcripts; hCGb 1 and 2 transcripts were detected
only in the 3 samples with high levels of hCGb 3, 5, 7 and 8 gene
expression (Fig. 4a). No positive signal for either type of hCGb
mRNA transcripts was detected in the RT-PCR products of 12
normal lung tissues from the same patients (Fig. 4b).

RT-PCR Southern blot analysis of HCGa gene expression in lung
cancer and normal lung tissues
Expression of hCGa was detected with similar sensitivity using

an hCGa-specific hybridization probe. Various amounts of hCGa
gene transcripts were detected in 6 of 12 normal lung tissues, while

FIGURE 2 – Ethidium bromide staining of RT-PCR products. Each cDNA derived from normal placenta, NJG choriocarcinoma cells, lung
cancer tissue of patient 1 and Jurkat T-leukemic cells was amplified with specific primers forb anda genes ofhCG. (a)PrimersAand C amplified
a 540-bp fragment corresponding to the hCGb 3, 4, 5, 7 and 8 mRNA transcripts. Primers B and C amplified 244- and 410-bp fragments
corresponding to the hCGb 1 and 2 mRNA transcripts.(b) The same cDNA was amplified with specific primers for hCGa and GAPDH,
respectively.
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such expression was detected in only 3 of the 14 lung cancer tissues
(Fig. 4).

DISCUSSION

A number of reports describe the ectopic production of hCGb in
cancers from different origins including lung. While hCG immuno-
reactivity has been demonstrated in some reports, most studies do
not analyze gene expression. Although the presence of hCGb
mRNAhas been described in several cancer cell lines (Cosgroveet
al., 1989; Acevedoet al.,1995; Nishimuraet al.,1995), only a few
reports have studied the presence of hCGb mRNA in primary
cancer tissues (Madersbacheret al.,1994; Oyasuet al.,1994; Lazar
et al., 1995). We have now studied hCGb gene expression in
primary lung cancer tissues.
Since more than 20 µg of polyA1 RNA from lung cancer tissues

or bladder cancer cells were required to obtain a positive signal
with an intensity similar to that of 1 mg of total RNA from the
placenta using Northern blot analysis, the extent of hCGb gene
expression was presumably low in these ectopically hCGb-
producing tumors (Fig. 1) (Nishimuraet al.,1995). Earlier reports
failed to show hCGb gene expression in potentially hCGb-
producing tumor cells such as Caski cells, using Northern blot. This
may be due to low gene expression and low sensitivity of the assay
system (Cosgroveet al., 1989). By using RT-PCR Southern blot
analysis, however, we were able to detect various amounts of
hCGb 3, 5, 7 and 8 mRNA transcripts in lung cancer tissues when

the expression was undetectable in normal lung tissues (Fig. 4).
This clear difference in the amounts of hCGb transcripts between
normal and cancer tissues is consistent with the difference in the
serum and urinary hCGb concentrations between normal subjects
and lung cancer patients (Marcillacet al.,1992; Yoshimuraet al.,
1994).
It has been reported that an hCG-like protein is present in fetal

and non-placental adult tissues (Hussa, 1981; McGregoret al.,
1983). The presence of hCGb-specific mRNAwas demonstrated in
the pituitary by cDNA cloning (van Strien and van Wesenbeek,
1989). It has also been observed by RT-PCR that fetal kidney and
adrenal tissues contain high amounts of hCGb mRNA transcripts,
while fetal lung, brain, muscle and adult adrenal contain low
amounts of hCGb mRNA transcripts (Rothmanet al.,1992). These
data and those of our study suggest that hCGb gene expression is
developmentally regulated in the lung, the expression of the gene
being normally turned off in adult lung tissues. The eutopic
production of hCGb in normal testis and urothelia as well as their
corresponding malignant tumors was confirmed using a similar
RT-PCR procedure (Bergeret al.,1994; Madersbacheret al.,1994;
Lazaret al., 1995). Thus, it is conceivable that the evaluation of
hCGb transcripts by RT-PCR will be useful in the analysis of
hCGb production in a variety of tissues and tumors in which the
presence of the hCGb remains controversial.
The molecular mechanisms of ectopic hCGb production have

been studied in several reports showing that there are no gross
alterations such as gene amplification or rearrangement at the

FIGURE 3 – Immunohistochemical staining for hCGb of lung cancer tissues.(a) Patient 1 (adenocarcinoma).(b) Patient 5 (large cell
carcinoma). Scale bar5 50 µm.
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hCGb locus in ectopic hCGb-producing tumors (Cosgroveet al.,
1989; Ileset al., 1989). Hypomethylation of the hCGb gene has
been reported in an hCGb-producing glioblastoma cell line,
suggesting transcriptional activation of the hCGb gene (Campain
et al.,1994). Since the hCGb gene is transcribed in the fetal lung
(Rothmanet al., 1992), reactivation of hCGb gene transcription
could possibly explain hCGb production in lung cancer cells.
Expression of the hCGb 1 and 2 as well as the hCGb 5 gene group
in some lung cancer tissues suggests that transcriptional activation
is not limited to the hCGb 5 group within the hCGb gene locus
(Fig. 4a).
Contrary to expression of the hCGb gene, which was detected

only in lung cancer tissues, hCGa gene expression was more
frequently detected in normal lung tissues by RT-PCR Southern
blot (Fig. 4b). However, it is not surprising that hCGa mRNAwas
detected in normal lung tissues, since hCGa but not hCGb, protein
has been detected immunohistochemically in both fetal and adult
lung tissues (Tsutsumiet al.,1989). The hCGa protein is present in
neuroendocrine tissues of the lung and is frequently observed in
small cell lung cancers that indeed originate from lung neuroendo-
crine tissues (Tsutsumiet al.,1989). Our observation of decreased
hCGa gene expression in lung cancer tissues is possibly occurred

because only non-small cell lung cancer tissues were analyzed in
our study.
Our finding of a sharp contrast between hCGb anda in terms of

differential expression of these genes in normal and cancer tissues
further strengthens the specificity of hCGb as a tumor-derived
product. It has been suggested that the detection of free hCGb is
important for diagnosis in non-gonadal tumors, while intact hCG
and free hCGa are not as specific for these tumors (Marcillacet al.,
1992). It has been speculated that high amounts of hCGb and its
fragments in serum or urine may relate to poor prognosis (Marcil-
lac et al., 1992; Carteret al., 1994; Yoshimuraet al., 1994).
Assuming that expression of the gene more precisely reflects the
biological characteristics of tumor cells, it would be important to
evaluate possible correlation between the amounts of hCGbmRNA
transcripts and the clinical features in lung cancer patients.
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