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Expression of the free 3-subunit of human chorionic
gonadotropin (hCGp) in malignant tumors is fre-
quently associated with aggressive disease. The pre-
treatment serum concentration of hCGp is an inde-
pendent prognostic variable in renal cell carcinoma
(RCCO). The three so-called type II genes (bCG33/9, 5,
and 8) have been shown to be up-regulated in relation
to type I genes (bCG B 6/7) in some malignant tumors.
We developed a reverse transcription-polymerase
chain reaction method for quantification of relative
levels of the mRNAs for the two types of hCGf3 genes
and studied the association between the expression in
RCC tissue (# = 104) and clinical outcome. hCGf
mRNA expression was detected in 40% (42 of 104) of
the tumors, and in 40 of these (93%), this consisted of
hCGp type I mRNA only, whereas type I hCGS mRNA
was detected in two samples. hCGf3 mRNA expression
was significantly associated with a shorter disease-
specific (log-rank P = 0.023; median survival 1.4 ver-
sus 7.9 years) and overall survival (log-rank P =
0.011). In a Cox regression model, stage (P < 0.0001)
and hCGB mRNA expression (P < 0.0001) were inde-
pendent prognostic variables. We conclude that ex-
pression of type I bCG f3 genes indicates adverse prog-
nosis in RCC. (J Mol Diagn 2006, 8:598-603; DOI:
10.2353/jmoldx.2006.060076)

Renal cell carcinoma (RCC) is the most common malignant
tumor of the kidney, accounting for approximately 2% of all
cancers. The great majority are conventional RCCs
(CRCC), which together with papillary tumors account for
85 to 90% of all kidney tumors. Chromophobe and unclas-
sified tumors account for approximately 5% each and col-
lecting duct carcinoma for less than 1%." Clinical stage and
nuclear grade are the most important prognostic factors in
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RCC,? but the outcome is highly variable within a given
stage, and the response to therapy cannot be predicted on
the basis of stage and grade.® Surgery is the treatment of
choice, but approximately one third of the tumors recur
even after radical surgery. Multiple genes are up- or down-
regulated in RCC, and expression profiling is an option for
the distinction between histological subtypes and clinical
outcome’*™® as well as a potential tool in the search for
treatment of RCCs.

The free B-subunit of human chorionic gonadotropin
(hCGp) is frequently expressed in several nontrophoblas-
tic tumors,'®"" and elevated serum concentrations hCGS
are of prognostic value in cancers of the ovary,'? oral
cavity,"® and colon.™ Tissue expression detected by
immunohistochemistry is associated with therapy-resis-
tant disease in bladder cancer.'®'® hCGB is encoded by
a cluster of six genes, of which the three so-called type Il
genes (hCGB 3/9, 5, and 8) have been shown to be
up-regulated in relation to type | genes (hCGB 6/7) in
some malignant tumors,'” whereas type | genes can be
expressed in normal tissues.'® The protein products of
these genes differ only by one amino acid, residue 117,
which in type | genes is encoded as alanine and in type
I genes as aspartate.

We have previously shown that the preoperative serum
concentration of hCGp is a prognostic indicator in RCC
independent of stage and grade,' but the prognostic
significance of hCGp tissue expression is not known. We
have now developed a quantitative reverse transcription-
polymerase chain reaction (RT-PCR) method for quanti-
fication of the mRNAs for the two groups of hCGB genes
and compared the expression levels with clinicopatho-
logical data.

Materials and Methods

Patients and Samples

Data for this retrospective analysis were collected from
104 patients with RCC who underwent radical nephrec-
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Table 1. Clinical Characteristics of RCC Patients

Patients 104
Males 54
Females 50
Dead of RCC 55
Alive/dead of other cause 28/21
Tumor stage

| 49

Il 7

11 20

\Y 28
Tumor grade

1 7

2 15

3 58

4 21

NA 2
Blood parameters; median (range)
Serum calcium (mmol/L) 2.4 (2.2-3.3)
Hemoglobin (g/L) 127 (77-162)
C-reactive protein (mg/L) 24 (1-212)
Erythrocyte sedimentation rate (mm/h) 44 (4-140)

tomy at the Umeda University Hospital, Sweden, between
1988 and 2000. The study included 54 men and 50
women with a mean age of 65 years (range, 25-85)
(Table 1). Informed consent was obtained from all pa-
tients. Blood samples were collected before surgery and
analyzed for hemoglobin concentration, erythrocyte sed-
imentation rate, and C-reactive protein, as well as cal-
cium concentration corrected for albumin by routine
methods in the Laboratory of Clinical Chemistry, Umeé
University Hospital. Staging procedures included physi-
cal examination, chest radiography, ultrasonography,
and computer tomography. Patients with skeletal symp-
toms or elevated serum alkaline phosphatase were as-
sessed by bone scintigraphy and skeletal radiography.
After nephrectomy, all patients were followed up with
clinical and radiological examinations. At the last follow-
up, 28 of 104 patients were alive with a median follow-up
time of 6.15 years (range, 0.3 to 15.5 years). Among
those that had died, 55 had died of RCC and 21 of other
causes (Table 1).

Tumor Staging

Tumor staging was performed according to 2002 TNM
stage classification.?® Among the 104 patients, 56 had
TNM stage | and Il (pT1-pT2, NO, M0), 20 were of stage
Il (pT1-T3a-c, NO-N1, MO), and 28 were of stage IV
(pT1-T4, NO-N3, M1). Nuclear grading was performed
according to Skinner et al,?' and RCC type classification

Table 2.
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was performed according to the Heidelberg consensus
conference.”

RNA Isolation

Tumor tissue samples from 104 patients were snap fro-
zen in liquid nitrogen directly after nephrectomy and
stored at —80°C until analysis. Control tissue was dis-
sected from adjacent normal kidney cortex (n = 7). Total
RNA was isolated from the frozen specimens by the
TRIzol method (Life Technologies, Stockholm, Sweden).
Total RNA concentrations were measured spectrophoto-
metrically at 260 nm (Lambda 2 UV/VIS; PerkinElmer Life
and Analytical Sciences, Boston, MA).

cDNA Constructs

For preparation of the internal standard (IS), a deletion of
nucleotide 775 (dATP) of hCGB5 was made by site-
directed mutagenesis®® of cDNA (GenBank accession
number NM_033043) isolated from placental tissue. Wild-
type hCGB and mutated hCGB (IS) were cloned from
nucleotide 144 to 827 into a pCR Il plasmid vector (In-
vitrogen Corp., San Diego, CA) as described by the
manufacturer.

Oligonucleotide Primers for RT-PCR

The oligonucleotide primer sequences for RT-PCR are
shown in Table 2. The primers match completely with
hCGB 3/9, 5, 8, and 6/7 mRNAs but contain one or
more mismatches with the sequences of LHB and hCGp
1and 2.

RT-PCR

One ng of total RNA was reverse-transcribed with Super-
Scriptll RNase H™ Reverse Transcriptase (GibcoBRL Life
Technologies, Gaithersburg, MD), according to the man-
ufacturer’s instructions, using a gene-specific outer anti-
sense primer. For the PCR reaction, 20% of the sample
cDNA and 100 molecules of IS cDNA were coamplified in
a 50-ul reaction volume using 20 pmol of both sense and
antisense primers and 2 U of DynaZyme || DNA polymer-
ase (Finnzymes, Espoo, Finland), initially at 95°C for 5
minutes and then with 45 cycles at 95°C for 1 minute and
at 65°C for 1 minute. Three ul of the first PCR product was
further amplified in a reaction volume of 75 ul with nested
primers (20 pmol of biotinylated sense and 100 pmol of

Nucleotide Sequences of the Primers Used to Study hCGB mRNA Expression

Primer

Outer sense

Outer antisense

Nested sense

Nested antisense; minisequencing

5'-TCACTTCACCGTGGTCTCCG-3'
5'-GAGGGGCCTTTGAGGAAGAG-3'
5'-Bi0-ACCCTGGCTGTGGAGAAGG-3'
5'-GCCTTTGAGGAAGAGGAG-3’

Sequence Exon (#) nt*
1 139-158
3 779-798
2 468-486
3 776-793

nt, nucleotides.

*Accession numbers for hCGB 3/9, 5, 6/7 and 8 are NM_000737.2, NM_033043.1, NM_033142.1, and NM_033183.1.
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Figure 1. Standard curve of the quantitative RT-PCR assay for hCG8 mRNA.
WT, wild-type hCGB. Whiskers represent standard errors.

antisense) and 3 U of Dynazyme Il DNA polymerase
initially at 95°C for 5 minutes and then with 35 cycles at
95°C for 1 minute and at 53°C for 1 minute. All samples
were tested at least three times, and water was used as
a negative control. Fifteen ul of the product was electro-
phoresed on a 2% agarose gel and visualized by
ethidium bromide staining.

Solid-Phase Minisequencing

For quantification of PCR products, the biotinylated
nested PCR product was captured on a streptavidin-
coated scintillating microtitration plate (ScintiPlate; Wal-
lac, Turku, Finland) for 1.5 hours at room temperature and
washed with buffer containing 40 mmol/L Tris-HCI, pH
8.0, 1 mmol/L EDTA, 50 mmol/L NaCl, and 0.1% Tween
20. The bound DNA fragment was denaturated with 50
mmol/L NaOH to remove the unbound DNA strand. De-
tection of hCG type |, type Il, or IS cDNA was performed
in separate reactions using a common detection primer
and a specific 3H-labeled dNTP for each gene type. The
minisequencing reaction mixture containing Dynazyme
DNA polymerase in PCR buffer, detection primer (Table
2), and the specific 3H-labeled dNTP (Amersham, Ayles-
bury, UK) was added, and primer annealing and exten-
sion were performed simultaneously by incubating in
50°C for 20 minutes. Radioactivity was measured in a
scintillation counter. After washing, the proportion of the
incorporated radioactive nucleotides of the correspond-
ing hCGp gene types (types | or Il or IS) was calculated.

The expression level of the corresponding gene type (Il or
II) was calculated by dividing its signal with the total IS
signal of the sample.

Statistical Analysis

Differences in hCGB gene expression levels between
groups were analyzed by the Mann-Whitney U or Kruskal
Wallis tests. The association between the expression
level and serum parameters as well as tumor diameter
was assessed using Kendall's tau b test for correlations.
Survival probabilities were calculated using the Kaplan-
Meier method and compared between quartiles of hCG
expression using the log-rank test. Cox proportional haz-
ards regression was used for multivariate analysis of
variables affecting survival. Follow-up started at the time
of nephrectomy. In analysis of disease-specific survival,
death from RCC was considered the event. Patients were
censored at last follow-up or when dying from unrelated
causes. In analysis of overall survival, death from any
cause was considered the event. SPSS statistical soft-
ware (version 12.0.1; Chicago, IL) was used in all calcu-
lations. All tests were two-sided, and P values below 0.05
were considered significant.

Results

Reproducibility and Detection Limit of the Assay

The standard curve for the PCR assay was determined by
using triplicate dilutions of hCGB wild-type cDNA to-
gether with 100 molecules of IS. The assay was linear
from 1 to 1000 hCGp wild-type cDNA molecules (Figure
1). The intra-assay coefficient of variation (CV%) was 7 to
32% for 10 to 10° hCGB cDNA molecules. The detection
limit of the assay was defined on the basis of the copy
number giving a CV of 15%, which was 12.

hCGB mRNA Expression in Tumor Tissue

hCGB mRNA was detected in 40% (42/104) of the tumor
samples (Table 3) but not in benign renal tissue (n = 7).
All of the positive tumors expressed type | hCGB mRNA
(range, 12 to 475 copies), whereas type || hCGB mRNA
(range, 39 to 56 copies) was detected in only two of these
(2%). Thus, expression of hCGB mRNA was mainly
caused by expression of type | genes (Kendall’s tau r =
0.868, P < 0.0001), and isolated expression of type Il

Table 3. hCGB mRNA Expression, Cancer Specific Mortality, and Number of Type I hCGB Transcripts in Various Tumor Types
Dead of RCC Type | hCGB MRNA
hCGB mRNA hCGB mRNA hCGB mRNA number of copies;

Type of RCC in tissue (%) postitive cases negative cases median (range)
CRCC 33/79 (42) 21/33 (64) 23/46 (50) 9 (0-475)
Chromophobe 2/5 (40) 1/2 (50) 0/3 (0) 10 (0-80)
Papillary 5/16 (31) 4/5 (80) 5/11 (45) 2 (0-143)
Unclassified 2/4 (50) 1/2 (50) 0/2 (0) 11 (8-14)
Al 42/104 (40) 27/42 (64) 28/62 (45) 8 (0-475)




hCGB mRNA was not detected. Expression of hCGg
mRNA was associated with a shorter disease-specific
survival (median survival 1.4 versus 7.9 years; log-rank
P = 0.023 and Breslow P = 0.0029) and overall survival
(median 0.6 versus 3.2 years; log-rank P = 0.011 and
Breslow P = 0.0028). The relative risk of dying from RCC
was 1.9 (95% confidence interval 1.1 to 3.4) in patients
with hCGB mRNA-positive tumors compared with those
with undetectable expression (log-rank P = 0.023,
Figure 2).

There was no significant difference in hCGB expres-
sion levels or survival between the distinct tumor types
(Table 3). Because CRCCs are generally of higher stage
at nephrectomy, and thus have a worse prognosis than
papillary and chromophobe tumors, we also analyzed
these separately (n = 79) and with the latter two as one
group (n = 21). hCGB mRNA positivity was more strongly
associated with shorter survival in the group of papillary
and chromophobe tumors, with a median survival of 0.04
years in the hCGB mRNA-positive tumors versus >15
years in the negative tumors (log-rank P = 0.035 and
Breslow P = 0.025). Median survival in hCGB mRNA-
positive CRCCs was 2.1 years compared with 7.9 years
in the negative ones (log-rank P = 0.15 and Breslow P =
0.026; Figure 2). The highest hCGB mRNA expression
levels occurred in stage 2 (mean 90 copies, median 32)
followed by stage 1 (mean 17 copies, median O copies).
When analyzed by stage, hCGB mRNA positivity was
associated with shorter survival in stage 1 (log-rank P =
0.086 and Breslow P = 0.025) but not in the other stages.
The expression levels were not associated with grade,
age, and gender of the patients; hemoglobin concentra-
tion; erythrocyte sedimentation rate; or C-reactive pro-
tein. However, serum calcium concentration was signifi-
cantly associated with total (Kendall's taur = 0.198, P =
0.012) and type | (Kendall’s tau r = 0.197, P = 0.012)
hCGB mRNA expression level. In univariate analysis us-
ing Cox regression, clinical stage, tumor diameter, hemo-
globin, serum calcium concentration, and hCGB, mRNA
expression levels were significantly associated with sur-
vival (Table 4). In multivariate analysis, only hCGB mRNA
expression and tumor stage remained significant, inde-
pendent predictors of disease-specific survival (Table 4).

Discussion

We have previously shown that the serum level of hCGB
is an independent prognostic marker in patients with
RCC. In an earlier study using a nonquantitative RT-PCR
assay that detected both types of hCGB mRNA, we found
mRNA expression in 8 of 20 tumors (40%) and hCGp
protein in 35 of 229 (15%) tumors by immunohistochem-
istry, but in this study, tissue expression was not associ-
ated with prognosis.?®> We have now developed a quan-
titative RT-PCR technique that allows us to accurately
measure the expression of the two types of hCGB mRNA.
By this method we also detected hCGB mRNA in 40% of
the tumors, and this is an independent indicator of ad-
verse prognosis. Interestingly, the prognostic signifi-
cance was accentuated in papillary and chromophobe
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Figure 2. Disease-specific survival of RCC patients with type I hCGB mRNA-
positive tumors (72 = 42) compared with those with hCGB mRNA-negative
tumors (n = 62; log-rank P = 0.0234; Breslow P = 0.0029 (A), disease-
specific survival in CRCCs (1 = 79; log-rank P = 0.15 and Breslow P = 0.026)
(B), and papillary chromophobe as well as unclassified tumors (7 = 25;
log-rank P = 0.017; Breslow P = 0.019) (C).
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Table 4.
Concentration, and hCGB mRNA Expression Level

Relative Risk of Dying from RCC as a Function of Stage, Tumor Diameter, Serum Calcium and Hemoglobin

Unadjusted Mutually adjusted
Variable P Relative risk (95% CI) P Relative risk (95% CI)
TNM stage >2 <0.0001 10.27 (5.32-19.87) <0.0001 11.61 (5.10-26.41)
Tumor diameter >7 cm 0.024 2.31(1.12-4.76) 0.460 1.35 (0.603-3.04)
Calcium >2.4 mmol/L 0.017 2.18 (1.15-4.13) 0.760 0.90 (0.44-1.84)
Hemoglobin <100 g/l 0.022 2.28 (1.12-4.64) 0.250 1.74 (0.68-4.49
hCGB mRNA (per 100 copies) <0.0001 2.03 (1.37-3.01) <0.0001 2.61(1.62-4.21)

ESR and CRP were not significantly associated with survival (not shown).

Cl, confidence interval.

tumors, which generally bear a more favorable prognosis
than CRCCs. Furthermore, mainly type | hCGB genes are
expressed, and, therefore, the proposed hypothesis of
hCGB type | genes representing “benign” genes ex-
pressed in nonmalignant tissues'® is not true for RCC.

Our quantitative RT-PCR method is designed for quan-
tification of the expression and comparison of relative
expression levels of two homologous genes. The mRNA
transcripts of the homologous genes are reverse-tran-
scribed, coamplified with the very same primer pair, and
quantified by solid-phase minisequencing. To achieve
quantification we added 100 molecules of an internal
cDNA standard to each sample and coamplified stan-
dard and target genes in the same reaction. With this
type of experimental setup the relative amounts of the
amplification products remain unchanged throughout
amplification and reflect the proportions of mRNA tran-
scripts originally present in the sample.?*2® Our method
is linear from 1 to 10,000 copies of target cDNA, allowing
analysis of low-level variation in the expression of the
hCGp genes.

Expression profiling with microarrays is a powerful tool
for the screening of cancer-related alterations in gene
expression, but to our knowledge, changed expression
levels of hCGB genes have not been identified in RCC by
this method.*"22® This may be explained by the low
expression level of hCGB mRNA, being twofold the de-
tection limit of our very sensitive assay in only a third of
the tumor samples. Interestingly, this low level of expres-
sion was strongly associated with adverse outcome.

A strong association between hCGB expression and
adverse outcome has also been observed in many other
cancers, >~ but the mechanism behind this is not truly
known. hCGB has been shown to exert a growth-promot-
ing effect in culture,?” and in bladder cancer cells, this
has been shown to result from inhibition of apoptosis.?®
No receptor for hCGB has been identified, but based on
the structural similarity between hCGp and the so-called
cysteine-knot growth factors,®® eg, transforming growth
factor B, platelet-derived growth factor-B, and nerve
growth factor, it has been suggested that hCGg interferes
with the growth-inhibiting effect of these through a para-
crine or autocrine route.*° The growth-promoting effect of
hCGp can be blocked by antibodies,®' and inhibition of
hCGB mRNA expression with antisense RNA in chorio-
carcinoma cells suppresses cell proliferation and in-
duces apoptosis.®2 Furthermore, induction of an antibody
response toward hCGB has been shown to improve sur-

vival in patients with colorectal cancer,®® and hCGg-
targeted immunotherapies have shown promising results
in animal studies on breast cancer.®* If these results can
be confirmed, methods for sensitive quantification of
hCGpB expression will become important.

A high proportion of type Il mMRNA has been observed
in normal tissues with high (placenta) or moderate (testis,
pituitary) expression of hCGB mRNA, whereas only type |
mRNA was detected in tissues with low hCGB mRNA
levels, eg, breast, prostate, skeletal muscle, bladder,
adrenal, thyroid, colon, and uterus.'®3%3¢ Type Il genes
are expressed in breast cancer tissue,'” and increased
expression of type Il genes has been found to be asso-
ciated with advanced stage in bladder cancer.®® Based
on these findings, malignant transformation has been
thought to be associated with type || hCGB expression.
However, earlier studies on RCC cell lines have shown a
higher proportion (50 to 85%) of type | hCGB genes,3®
and in the present study, we detected type Il gene ex-
pression in only two of the 42 positive tumors. Thus,
expression of the various hCGf genes is both tissue and
tumor specific, and aggressive tumor growth may be
associated with increased expression of either gene
type.

We conclude that hCGB mRNA expression at the tis-
sue level is a marker of adverse prognosis in patients with
RCC. This is caused by expression of type | hCGB genes,
whereas increased type |l gene expression occurs in
most other cancers studied. Measurement of hCGB ex-
pression is likely to become clinically important if thera-
pies targeting its expression®?* prove successful for
treatment of various cancers.
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