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Take-home message: Gene expression analysis of six specific bladder markers by the
high-sensitive PA gRT-PCR method is not suitable to identify and monitor
haemotogenous BUC dissemination in cystectomy treated patients. PCR-based
technology should be abandoned as a candidate method for detecting such tumour

spread.
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ABSTRACT

Background: Detecting haematogenous spread of bladder urothelial carcinoma (BUC)
still represents a major challenge in clinical practice.

Objective: To test the efficiency of six mMRNA bladder markers in detecting and
monitoring BUC haematogenous dissemination.

Design, Setting, and Participants: Between 2002 and 2004, 317 peripheral blood
(PB) samples were collected from 101 patients with BUC that underwent radical
cystectomy and from 29 healthy controls. Sequential PB sampling was performed in
patients at time of surgery and at 6, 12, 18 and 24 months afterwards. Median patients’
follow-up was 35 months.

Measurements: The presence of disseminated urothelial cells in PB was evaluated by
measuring gene expression from pre-amplified (PA) cDNA of KRT20, FXYDS3,
C10o0rf116, UPK2, AGR2 and KRT19 genes, using quantitative RT-PCR (qRT-PCR).
Gene expression data were correlated with patients’ follow-up and outcome.

Results and limitations: The PA gRT-PCR method with selected markers in PB was
able to detect 2 cells in between 10°-10’leucocytes, depending on the gene. Differential
gene expression was found between patients and controls for FXYD3 (p=0.002),
C100rf116 (p=0.001), AGR2 (p=0.003) and KRT19 (p<0.001) genes. In contrast, no
differences were found between gene expression from metastasized and recurrence-
free patients (p=ns). Molecular monitoring of clinically metastasized patients did not
show an increased gene expression for selected markers in blood throughout the
follow-up after surgery.

Conclusions: Gene expression analysis of PB samples using six specific bladder
MRNA markers can distinguish between BUC patients and controls. However, despite
its high sensitivity, PA gRT-PCR with these potential markers is not a suitable
approach for detecting and monitoring BUC haematogenous dissemination. Thus,
PCR-based technology should be abandoned as a candidate method for detecting

such tumour spread.
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1. Introduction

Bladder urothelial carcinoma (BUC) is one of the most aggressive epithelial tumours,
with a high rate of haematogenous and lymphatic dissemination. Cystectomy is the
gold standard of treatment for patients with clinically localized muscle-invasive BUC.
However, despite this radical treatment, around 50% of patients die within 5 years of
follow-up [1]. Such a high treatment failure rate is usually due to occult metastatic
disease which is not detected by conventional staging at the time of treatment [2].
Although lymph-node metastasis often represents an early prognostic indicator of
tumour invasiveness and metastatic dissemination, several works have focused on
detecting disseminated BUC cells in peripheral blood (PB) to monitor the metastatic
progression and response to chemotherapy [3-6]. Detecting such tumour dissemination
could be used in planning the optimal treatment and follow-up after radical cystectomy.
However, none of these strategies for detecting tumour cells in PB have yet been
incorporated into clinical practice.

Recently, we have described a list of bladder specific mMRNA markers obtained from the
comparison of microarray data from bladder and PB tissues. Selected markers from
this analysis (KRT20, FXYD3, C10orf116, UPK2, AGR2 and KRT19) were used to
detect lymphatic BUC dissemination by quantitative RT-PCR (gRT-PCR), showing a
high sensitivity and specificity detecting disseminated tumour cells [7]. QRT-PCR
provides the advantages of being quantitative and more sensitive than conventional
RT-PCR in detecting rare events [8]. In addition, the sensitivity of gRT-PCR can further
be increased by a novel cDNA pre-amplification (PA) method that allows increasing the
quantity of specific cDNA targets prior to gene expression analysis [9;10].

In the present work we test the usefulness of six highly specific bladder markers in
detecting and monitoring the development of BUC dissemination in PB by a method
that combines PA of cDNA and qRT-PCR. The sensitivity of this method was assessed

by PB spiking experiments with dissociated cells from a BUC specimen. The clinical
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applicability of this highly sensitive test was determined correlating gene expression
values with patients’ follow-up and outcome.

2. Material and Methods

2.1 Patients and samples

A total of 317 PB samples from 101 patients (10 women and 91 men; average 69 yr;
range 44-86 yr) who underwent radical cystectomy and pelvic lymphadenectomy
between August 2002 and July 2004 were included in this study. Only patients with
transitional cell carcinoma were considered. Five and 30 patients underwent
neoadjuvant and adjuvant chemotherapy, respectively. Six patients underwent
chemotherapy as a treatment for the metastasis. Clinical and pathological stages of
patients’ tumours [11;12] are shown in table 1. PB samples (8-10 mL) were collected
into EDTA-containing blood collection tubes (Sarstedt Monovette, Nimbrecht-
Rommelsdorf, Germany) just before the cystectomy (101 samples) and subsequently
at 6 (73 samples), 12 (55 samples), 18 (49 samples) and 24 (39 samples) months after
surgery. As controls, PB from 29 healthy volunteers (23 women and 6 men; average
age 32; range 22-62 yr) were also collected. To avoid epithelial contamination by the
skin during venipuncture, the first 5 mL of blood was discarded. The hospital ethics
committee approved this study and the patients and controls provided their informed
consent before participating in the study.

2.2 Marker selection

To determine a panel of highly specific mMRNA markers for BUC dissemination, gene
expression from bladder tissue (normal and tumour) and blood were compared by
microarrays analysis [7]. Those four genes with the highest expression in urothelial
tissue but lowest expression in blood (FXYD3, C100rfl116, AGR2, and KRT19) were
selected as potential candidates for haematogenous BUC dissemination. KRT20 and
UPK2, two conventional markers for epithelial cells that have been widely tested as
BUC dissemination markers in the bibliography, were also selected for study [13-16].

2.3 RNA extraction and Reverse Transcription
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PB specimens were layered onto 10 mL of Ficoll-Paque (GE Healthcare Life Sciences,
Uppsala, Sweden). Mononuclear cells were isolated and total RNA was extracted using
the Trizol Reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Quantity of total RNA was assessed by absorbance at 260
nm in an Ultrospec 3100 pro spectrophotometer (GE Healthcare Life Sciences,
Uppsala, Sweden). Five pg of total RNA were reverse-transcribed with a random
hexamer primer mix in a 20 pl reaction mix using SuperScriptll Reverse Transcriptase
(Invitrogen Life Technologies, Carlsbad, CA, USA) according to the manufacturer's
instructions.

2.4 Pre-amplification and gRT-PCR analysis

cDNA from control PB specimens (n=29), from PB samples obtained at time of the
surgery (n=101) and from samples obtained at 6, 12, 18 and/or 24 months after the
surgery from patients who recurred or died because of the cancer (n=47) were pre-
amplified. This pre-amplification (PA) was performed by means of a multiplex PCR with
the 6 specific bladder mRNA markers (KRT20, FXYD3, C100rf116, UPK2, AGR2 and
KRT19) and the endogenous control GUSB, using the TagMan PreAmp Master Mix Kit
following manufacturer’s instructions (Applied Biosystems), except that the final volume
of the reaction was 25 pl. Briefly, the 7 TagMan Gene Expression Assays (Applied
Biosystems) were pooled together at 0.2X of final concentration. Subsequently, 6.25 pl
of this assay mix were combined with 1.25 pl of cDNA (equivalent to 125 ng) and 12.5
pl of the TagMan PreAmp Master Mix (2X) in a final volume of 25 ul. Thermal cycling
conditions were as follows: initial hold at 95°C during 10 min and ten pre-amplification
cycles of 15 sec at 95°C and 4 min at 60°C. Gene expression quantification of the
selected genes and endogenous control was performed using an ABI PRISM 7000
Sequence Detection System (Applied Biosystems, Foster City, CA, USA) according to
the manufacturer's recommendations, except that the final volume of the reaction was

20 pL. Commercially available primers and Minor Groove Binder (MGB) probes for all
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the genes were used (TagMan Gene Expression Assays, Applied Biosystems, Foster
City, CA, USA) except for FXYD3 primers and MGB probe that were manually
designed (sense primer: 5 CTGGGCCTGCTTGTCTTC 3’; antisense primer:. 5'
GGTCATTGGCGTCCAGGAC 3 MGB-probe: 5 CTGGCAGGCTTTCCT 3).
Fluorescence was detected from 0 to 40 PCR cycles for the control and marker genes
in singleplex reactions and resulted in the Ct-value for each cDNA sample and each
target gene. All samples were analyzed in duplicate and each experiment included a
negative non-template control and an inter-experiment control. The relative expression
level of the marker genes for each sample was described as the difference between
average Ct from GUSB and the average Ct from the corresponding target gene.

2.5 Sensitivity of the method: cell spiking experiment

Cell spiking experiments were used to test the sensitivity of the entire protocol which
includes PB mononuclear cell isolation from Ficoll gradient, RNA extraction by Trizol
Reagent, SuperScriptll reverse transcription, cDNA pre-amplification using the TagMan
PreAmp Master Mix Kit and qRT-PCR with the TagMan Gene Expression Assays of
selected markers for detection of BUC cells in PB. Briefly, a single-cell suspension was
prepared from a BUC biopsy obtained from a patient that underwent a transurethral
resection. The dissociation of the tissue was mechanically performed in a 1X trypsin
solution. Dissociated cells were maintained in Dulbecco’s modified Eagles medium
(DMEM) until counted using a Neubauer chamber. Known numbers of cells (5, 10, 100
and 1000) were serially diluted into 8 mL of normal PB taken from three healthy
volunteers. Total RNA was extracted and PA qRT-PCR was performed for all the
selected markers as mentioned above (2.2, 2.3 and 2.4 sections).

2.6 Patients’ follow-up

Cancer-specific survival was calculated from the date of the cystectomy to the date of
last follow-up or date of death due to the cancer. Recurrence-free survival was
calculated from the date of the cystectomy to the date of last follow-up or date when

the metastasis was detected.
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2.7 Statistical analysis

Gene expression values were described by average, standard deviation and range.
The non-parametrical U Mann-Whitney test was performed to compare gene
expression values between samples from patients and controls, and between
metastatic and recurrence-free patients. Gene expression cut-off values for the marker
genes were determined by ROC curves. Finally, the paired Wilcoxon-test was used to
evaluate gene expression changes at 6, 12, 18 and 24 months after surgery in PB
samples from metastatic patients, when available.

SPSS v15.0 and MedCalc v8.1 software were used for statistical analyses.

3. Results

3.1 Sensitivity of the method

To establish the sensitivity of the entire protocol with each of the 6 selected markers,
cell spiking experiments with BUC cells were performed in triplicate. We found that
using markers KRT20, AGR2 and C100rf116 it was possible to detect a mean of 2 cells
in 10° leucocytes, whereas using FXYD3, UPK2 and KRT19 it was possible to increase
the sensitivity up to 2 cells in 10" leucocytes.

3.2. Gene expression of markers in PB samples at time of cystectomy

Table 2a shows the relative expression values for each marker gene in BUC patients
and controls. Statistically significant differences for the FXYD3, C100rf116, AGR2 and
KRT19 genes were found when comparing controls and patients.

ROC curve analysis was applied to calculate the expression value cut-offs of these four
genes that most efficiently differentiate between patients and control samples. Numeric
value of cut-off points, area under curve (AUC), sensitivity and specificity of such cut-
off points are shown in table 3.

3.3 Marker’ expression in patients’ follow-up

After a median follow-up of 33 months (range 0.4-62), 34 of 101 patients (36.7%)

recurred and 31 died because of the cancer.
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No significant differences were found when comparing gene expression values from
metastatic and recurrence-free patients (p=ns for all the genes) (Table 2b).

Paired analysis to compare gene expression variations throughout the 6, 12, 18 and 24
months after surgery, did not show a significant increase for any selected gene in those
patients who developed metastasis after surgery (Table 4). Chemotherapy, neither as
adjuvant nor as a curative treatment, was shown to have any influence on gene
expression values during the course of administration in the patients that received such
treatment (data not shown).

4. Discussion

Metastases in BUC may arise through either lymphatic spread or through
haematogenous dissemination. The local treatment of BUC by means of radical
cystectomy complemented with lymphadenectomy is the most effective method to deal
with local lymph node metastases. However, a substantial proportion of UC patients
ultimately die from tumour recurrence in distant organs or tissues. Haematogenous
spread could account in part for this tragic outcome.

Detecting disseminated BUC cells in PB could allow patients to be monitored during
chemotherapy treatment and could also be used to potentially predict relapse before
metastases are detectable. Thus, in this study we attempted to develop a potential
assay for detecting circulating BUC cells in PB by means of a highly-sensitive
technology such as PA gRT-PCR, and to correlate such molecular detection of
disseminated cells with patients’ surveillance and outcome. The experimental approach
was designed according to the following bases. First, we assumed that using PB
samples constituted a feasible method for repeated sampling to monitor disease
progression even before the surgery. Furthermore, PB samples imply a low invasive
extraction and allow for a larger sample size than tissue-based assessments. Second,
six MRNA markers were selected by microarray analysis, that are expressed at high
levels in the large majority of BUCs and normal bladder tissues, but that are not

expressed, or only at very low levels, in the cellular elements of PB. And third, a novel
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approach to pre-amplify cDNA was used to increase the sensitivity of standard qRT-
PCR, enabling an accurate quantification of selected transcripts.

To our knowledge, this is the first time that the aforementioned technologies (PA and
gRT-PCR) are combined in order to detect and monitor haematogenous cancer
dissemination. However, conventional or gRT-PCR has already been applied in BUC to
determine the presence of micrometastasis in blood by means of the detection of
molecular markers such as KRT20, UPK2 and KRT19 [16-18]. Unfortunately, the
usefulness of these techniques for detecting such haematogenous dissemination still
remains questionable since none of these studies showed the clinical significance of
detecting disseminated cells in blood or their usefulness in monitoring the evolution of
disease.

Our results show that using PA qRT-PCR combined methodology with the six selected
markers it is possible to differentiate between BUC patients and healthy controls. This
results are supported by Osman et al (2006) who recently concluded that the gene
expression profile of circulating blood cells can distinguish bladder cancer from other
types of genitourinary cancer and healthy controls [19]. We do not have a clear
explanation about the mechanisms driving the different gene expression signatures in
circulating blood cells of patients and control subjects. The role of the immunologic
response to the presence of bladder tumors could account for these gene expression
variations.

Contrary to this result, it was not possible to differentiate between gene expression
values from metastasized and recurrence-free patients at time of cystectomy. One
explanation could be the inefficiency of the metastasis process [20]. The presence of
tumor cells in the circulation does not indicate that metastasis has occurred since
disseminated cells must evade haemodynamic shear forces and the immune system in
order to progress [21]. Another hypothesis for these results could be that gene
expression from metastatic cells is not the same as that from non-metastatic cells [22].

However, we have ruled out this possibility since these markers were already
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demonstrated to be highly sensitive in detecting BUC disseminated cells in the
lymphatic system and specifically two of them, KRT20 and FXYDS3, detect 20.5% of
patients with UC cells in histologically negative lymph nodes [7]. Finally, a technical
limitation could also account in part for these results since PB samples undergo several
steps (mononuclear cell isolation, RNA extraction, reverse-transcription, pre-
amplification and gPCR) before expression data are obtained. During this sample
processing, part of the cell content is inevitably lost. Recently, Nagrath et al developed
a device that provides a new and effective tool for the accurate identification of
tumourtumor cell dissemination in patients with epithelial tumours such as lung,
prostate, pancreatic, breast and colon cancer [23]. One of the main advantages of this
technology is that whole extracted blood is used in the protocol without requisite pre-
labelling or manipulating samples, which reduces the probability of missing tumour
cells while samples are being processed.

It was neither possible to establish, in metastasized patients, a correlation between
gene expression values during the time from surgery until metastasis emerged,
showing that PA gRT-PCR is not a suitable method for monitoring BUC
haematogenous dissemination. In this way, it should be taken into account that the
original source of tumour cells has been removed in the surgery, therefore, it can be
expected that the tumour cell charge in blood would only increase if another tumour
source has appeared.

Furthermore, no influence of chemotherapy was observed in gene expression values of
patients who received such treatment. Chemotherapy has been proven to be an
effective treatment improving survival in muscle-invasive BUC patients [24-26]. Thus,
we consider that this lack of chemotherapy effect can not be understood as a lack of
efficacy of the treatment, but as indicative of the unsuitability of blood samples as a
tissue for monitoring chemotherapy response. In contrast, patients’ outcome seems to
be the most suitable parameter for measuring the effectiveness of this systemic

treatment.
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5. Conclusions

In conclusion, gene expression analysis of PB samples using specific bladder mRNA
markers such as FXYD3, C10orfl16, AGR2 and KRT19 allows us to distinguish
between bladder cancer patients and controls. However, despite its high sensitivity, the
combination of cDNA pre-amplification and gRT-PCR using six mMRNA bladder markers
is a not suitable method for detecting and monitoring haematogenous dissemination in
order to predict BUC patient’s outcome. Then, we consider PCR-based technology
should be abandoned as a candidate method for detecting such tumour spread.
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7. Tables

Table 1: Clinical and pathological stage of BUC patients at time of cystectomy

[11].

Clinical stage n % Pathological stage n % cis associated* n %
pTO - - pTO 24 238 pTO - -
pTis 2 2 pTis 4 4 - - -
pTx 6 6 pTx - - pTXx - -
pTa 1 1 pTa 3 3 pTa 1 3.9
pT1 12 11.9 pT1 10 9.9 pT1 5 192
pT2 71 703 pT2 21 208 pT2 7 269
pT3 6 6 pT3 23 228 pT3 7 269
pT4 3 3 pT4 16 15.8 pT4 6 231
Total 101 100 Total 101 100 Total 26 100

* Cases with cis associated to pathological stage

Table 2: Average relative expression level, standard deviation and range of

gene expression values by gRT-PCR (arbitrary units). (a) Differences between

patients and healthy controls; (b) Differences between metastatic and

recurrence-free patients.

(@)

Patients

Healthy controls

Marker gene p-value*
Average St. Dv Range Average St.Dv Range
KRT20 20.55 3.30 20.55-22.69 20.96 1.94 15.36-23.03 0.425
FXYD3 9.40 1.51 9.40-11.98 10.41 1.37 7.50-12.99 0.002*
C100rf116 10.29 1.16 10.29-11.53 11.54 1.95 8.39-17.48 0.001*
UPK2 18.24 2.88  18.24-18.48 19.05 2.95 13.87-23.03  0.255
AGR2 20.77 1.43  19.66-20.77 19.66 1.86 16.10-23.03  0.003*
KRT19 13.99 2.76 13.99-14.10 20.45 2.14 14.77-22.79 <0.001*

*U Mann-Whitney test. Significant, p<0.05
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(b)

Marker gene Metastatic patients Recurrence-free patients o-value®
Average St. Dv Range Average St.Dv Range
KRT20 20.02 3.66 10.65-23.26  20.82 3.09 9.39-23.11 0.398
FXYD3 9.51 140  7.25-12.74 9.34 1.56 5.42-12.55 0.738
C10o0rf116 10.27 122  7.62-12.17 10.30 1.15 7.70-12.32 0.857
UPK2 17.71 299 12.16-22.73  18.51 2.81 12.74-22.73  0.249
AGR2 20.83 145 16.52-22.93  20.74 1.42 16.90-22.88  0.331
KRT19 13.75 2.69  9.56-23.13 14.10 2.80 4.57-22.52 0.913

*U Mann-Whitney test. Significant, p<0.05

Table 3: Area under curve (AUC), sensitivity and specificity of ROC cut-offs for

individual genes to discriminate between patients and controls.

Patients vs controls

- . - .
Marker gene | Cut-off ACT % Sensitivity vSpecificity AUC | p-value*
(95% Confidence Interval) (95% Confidence Interval)
FXYD3 <9.99 67.3 69 0.689| 0.0015
(57.3 — 76.3) (49.2 - 84.7)
C100rf116 <10.42 4.5 86.2 0.707| 0.0004
(44.2 — 64.4) (68.3 — 96)
AGR2 >20.245 71.3 69 0.684| 0.0004
(61.4—79.9) (49.2 — 84.7)
KRT19 <17.8 94.1 89.7 0.946 | <0.0001
(87.5 — 97.8) (72.6 - 97.7)

* p-value for AUC. Significant, p<0.05

Table 4: Paired-Wilcoxon test to compare gene expression values at time of

cystectomy with those at 6, 12, 18 and 24 months after surgery, in PB samples

from metastatic patients.
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Marker Cystectomy 6 months 12 months 18 months 24 months
gene/ (n=101) (n=20) (n=12) (n=9) (n=6)
Difference
with Mean %St Dv. Mean * St Dv. Mean * St Dv. Mean %St Dv. Mean St Dv.
respect to (Range) (Range) p-value* (Range) p-value* (Range) p-value* (Range) p-value*
cystectomy
KRT20 20.55 £3.30 20.19 ¥2.29 21.40 #1.94 21.26 #2.74 18.33  #5.58
(9.39, 23.26) (15.20, 22.68) (15.69, 23.72) (14.54, 24.18) (7.48, 22.00)
Dif KRT20 -0.31 +3.86 0.227 0.82 #4.23 0.850 121 525 0.426  -2.62, *7.90 0.438
(-6.29, 10.05) (-6.00, 9.15) (-8.72, 8.92) (-15.78, 8.37)
FXYD3 940 151 10.51 +2.03 10.96 +1.10 11.11 +1.18 10.01 +#1.41
(5.42, 12.74) (6.89, 15.64) (9.15, 12.93) (9.33, 12.51) (8.24, 11.79)
Dif_FXYD3 0.89 $2.14 0.058 156 +0.84 <0.001 156 +1.22 0.020 0.00 +1.08 0.844
(-3.53, 4.35) (0.19, 3.02) (-0.53, 3.27) (-1.90, 0.98)
C100rfl116 10.29 £1.16 1091 +1.71 1091 +1.10 10.64 +0.82 10.28 +1.95
(7.62, 12.32) 9.11, 15.64 (9.17, 12.86) (9.44, 11.65) (7.11, 13.10)
Dif _C100rf116 0.52 #2.17 0.648 0.57 #1.58 0.424 0.25 #1.45 0.570 -0.15 +2.06 0.563
(-2.05, 5.91) (-2.15, 3.68) (-1.68, 2.05) (-2.47, 2.20)
UPK2 18.24 +2.88 17.11  3.08 21.30 #2.45 18.60 +3.53 16.45 +5.05
(12.16, 22.73) 13.34, 22.36 (13.91, 23.72) (14.50, 24.18) (7.91, 22.00)
Dif_UPK2 0.00 +3.78 0.985 5.06 $2.94 0.001 255 +4.83 0.203 0.63 +5.63 0.844
(-6.70, 7.06) (-1.49, 9.67) (-4.65, 8.97) (-8.02, 8.25)
AGR2 20.77 £1.43 18.77 +2.12 20.84 £1.56 20.11 #1.78 19.88 +2.33
(16.52, 22.93) 15.20, 22.68 (17.58, 22.64) (16.15, 22.10) (16.19, 22.00)
Dif_AGR2 -2.02 +2.36 0.001 0.06 #1.77 0.677 -0.65 +2.25 0.426 -0.72  +2.28 0.438
(-6.00, 1.64) (-3.86, 2.16) (-4.37, 2.49) (-3.42, 1.78)
KRT19 13.99 #2.76 14.03 *1.50 18.48 +2.97 19.19 +4.33 20.87 ¥2.06
(4.57, 23.13) 10.62, 16.11 (14.72, 22.64) (11.23, 24.18) (16.91, 22.81)
Dif KRT19 0.46 *2.83 0.648 540 £2.88 <0.001 6.33 #5.32 0.012 7.01 £3.16 0.031
(-5.28, 6.03) (1.05, 12.34) (-4.22, 12.70) (3.45, 11.83)

* Paried Wilcoxon test for differences from time of cystectomy to 6, 12. 18 and 24 months after surgery. Dif_"gene symbol”: Calculated according to

the mean difference between gene expression values at 6, 12, 18 and 24 months from the surgery and at time of cystectomy.
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