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Process for the Diagnosis of Cancer by Using Exosomes

Prostate cancer has become a major public health problem. In many developed countries
it is not only the most commonly diagnosed malignancy but it is the second leading cause

of cancer related deaths in males.

Since its discovery more than 20 years ago, prostate specific antigen (PSA) has been the
most valuable tool in the detection, staging and monitoring of prostate cancer. Although
widely accepted as a prostate tumour marker, PSA is known to be prostate tissue- but not
prostate cancer-specific. PSA levels have been reported to increase in men with benign
prostatic hyperplasia (BPH) and prostatitis. This substantial overlap in serum PSA values
between men with non-malignant prostatic diseases and prostate cancer is the limitation of
PSA as a prostate tumour marker. Moreover, a single reading of PSA cannot be used to
differentiate the aggressive tumours from the indolent ones. Thus, (non-invasive)
molecular tests that can accurately identify those men who have early stage, clinically
localized prostate cancer, and who would gain prolonged survival and quality of life from

early radical intervention are urgently needed.

Looking for new diagnostic, prognostic markers as well as understanding the molecular
mechanisms underlying the disease progress and progression process and identify new
treatment targets is the main focus for current prostate cancer research. For the
identification of new candidate markers for prostate cancer it is necessary to study
expression patterns in malignant as well as non-malignant prostate tissues. One of the
genes identified to be overexpressed in prostate cancer is the anterior gradient 2 (AGR2)
gene (Bu et al, The Prostate (2011), 575-587). The authors describe long and short
transcripts of AGR2 (anterior gradient-2) being up-regulated in prostate cancer cells and
tissues. RNAs were isolated from microdissected frozen prostate tissue samples obtained
from radical prostatectomy specimens. Total RNA was amplified, reverse transcribed into
cDNA and subjected to quantitative real-time PCR. Two transcript variants of the AGR2
gene were detected. Expression of short AGR2 transcript was up-regulated in tumors.
Although AGRZ2 short transcript mRNA level showed slightly higher sensitivity and

specificity as compared to the PSA serum level, no significant differences could be
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observed. Therefore, mRNA level of the AGR2 short transcript in tissue or in the urine

sediment are considered as not applicable for a reliable detection of prostate carcinoma.

Nilsson et al., British Journal of Cancer (2009) 100, 1603-1607 analyze prostate cancer-
derived urine exosomes as novel approach to biomarkers for prostate cancer. The authors
describe the application of urine exosomes as a source for prostate cancer biomarkers.
Thereby, mRNA levels of two known prostate cancer biomarkers designated as PCA-3 and
TMPRSS2:ERG were tested in several patients. For the detection of corresponding mRNA
a prostate massage was applied prior to urine harvesting which is not applicable in routine
daily praxis. The article does, however, not provide data about the siatus of the tumor
markers in tumor tissues. Consequently it is not possible to evaluate the diagnostic and/or
prognostic values of the suggested biomarkers. A potential enrichment of the two
biomarkers PCA-3 and TMPRSS2:ERG in urine exosomes seems to be at least
questionable. Since the article shows only slightly higher specificity and sensitivity for
prostate cancer detection as compared to the frequently used PSA serum level the test
described in this article does not seem promising for the implementation into daily clinical

routine.

The present invention as defined in more detail in the claims shows significantly better
sensitivity and specificity of AGR2 splice variants as compared to the serum PSA. This
makes the AGR2 splice variants as described herein highly specific and promising

diagnostic markers.

AGR2 was first described in Xenopus laevis embryos where it induces the formation of the
forebrain and the cement gland. In humans, it is predominantly found in mucus-secreting
tissues or in endocrine cells. It is a member of the protein disulfide isomerase family of
endoplasmic reticulum-resident proteins that has been implicated in the folding of proteins.
It became of interest in cancer research, when it was found to be differential expressed in
estrogen receptor (ER)-positive breast cancer cell lines. Since then, elevated AGR2 has
been reported in subsets of breast, prostate, non-small cell lung, pancreatic, and hepatic
adenocarcinomas. In some cases its increased expression has been shown to be of
prognostic value. Furthermore elevated AGR2 RNA levels have been shown to correlate
with decreased efficacy of tamoxifen treatment. AGR2 ftranscript level is therefore
postulated to serve as a potential predictive biomarker for selection of optical algorithm for

adjuvant hormonal therapy in postmenopausal ER-positive breast cancer patients.
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The AGR2 gene has been deposited at the Genebank and is available under accession
number AF038451. The nucleotide sequence (SEQ ID NO:1) can be downloaded from the
gene bank as well as the protein sequence (SEQ ID NO:2).

With the use of transcript-specific primers the expression of AGR2 transcript variants in
microdissected prostate tissues was investigated. A realtime reverse transcription
polymerase chain reaction (PCR) method to detect AGR2 in exosomes was established in
order to test its potential as a predictive marker for prostate cancer and potentially in other
tumors. AGR2 is highly expressed in prostate cancer especially in low-grade tumors and
PIN lesions compared to benign tissue. AGR2 transcripts were also detected in urine
sediments of patients undergoing prostate biopsy with significantly higher levels in tumor
patients. The urine AGR2/PSA transcript ratio allowed much better discrimination between
cancer and benign patients than serum total PSA or % free PSA suggesting that urine

AGR2 transcripts could be a better marker for the detection of prostate cancer.

In the course of the present invention several new splice variants were cloned and
sequenced. The AGR2 franscript variants are shown schematically in Figure 5. The AGR2

gene comprises 8 exons.

Variants of the AGR2 gene differ from the wild-type AGR2 gene insofar as either complete
exons or parts of some exons are deleted. The new splice transcript variants were termed
AGR2 SV-C, AGR2 SV-E, AGR2 SV-F, AGR2 SV-G and AGR2 SV-H. The variants are
shown schematically in Figure 5 wherein as wild-type AGR2 the variant B containing
shorter part of the untranslated region of the first exon, is designated. In variants C exon 1
is shortened. Variant E comprises exons 1, 5, 7 and 8. Variant F comprises exons 1, 7 and
8. Variant G comprises part of exon 1 and part of exon 7 and exon 8. Variant H comprises

exon 2, part of exon 3 and part of exon 8.

As shown in the examples below, exosomes isolated from the urine or from the blood of
patients can be used as a source for the detection of the biomarkers (ARG2 transcript
variants), which allows the application of a non-invasive or only minimally invasive
diagnostic routine method. When exosomes are isolated from the urine of patients, the

diagnostic method can be performed without any treatment performed by a medical doctor.
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Surprisingly, it has been found that distinct ARG2 splice variants recovered from the
exosomes can be used as specific diagnostic and/or prognostic markers for different tumor
entities. Such tumors comprise not only the preferred prostate tumor but also breast

cancer or cancer of colon, lung, pancreas or small intestine to name only a few.

Splice variants E and G (compare with Figure 5) are enriched in the exosomes isolated
from the blood of patients with prostate cancer but not in the cells isolated from the blood.

This can be seen from Figure 2A.

Splice variants E, F, G and H (compare with Figure 5) are enriched in the exosomes
isolated from urine or patients with prostate cancer compared to the urine sediment. This

confirms the superior results obtainable by the method of the present invention.

A pilot clinical study confirmed that splice variants G and H are enriched in the exosomes
isolated from urine of prostate cancer patients and are significantly better diagnostic
markers as compared to the serum PSA. This can be seen from Figures 3A and 3C of the

present application.

In the present invention the following primers were preferred:

SV C: Forward: 5 CAC AAG GCA GAG TTG CCATGG 3’ (SEQ ID NO:3)
SV E: Forward: 5 ATCTGG TCACCCATCTCTGAT (SEQ iD
NO:4)
SV F: Forward: 5 GGA AAT CCAGAC CCATCT CTG 3 (SEQ ID NO:5)
SV G: Forward: 5 AAG GCA GGT ACAGCTCTG &

(SEQ ID NO:6)
Reverse SVC. E, F G: 5 TCC ACACTA GCCAGT CTT CTC A 3'(SEQ ID NO:7)

SVH Forward: 5 ATG GAG AAAATT CCAGTG TCAGCA3 (SEQ ID NO:8)
Reverse: 5-ACT TGAGAG CTT TCT TCATAT GTC TG-3' (SEQ  ID

NO:9)

AGRZ long transcript: A (was not detected in the exosomes)

AGR2Lt Forward GCCAACAGACAACCCAAAGT
(SEQ ID NO:10)

AGR2Lt Reverse GCAAGAATGCTGACACTGGA

(SEQ ID NO:11)

AGR2 short transcript: B (also designated as a wt AGR2)

AGR2St Forward -CGACTCACACAAGGCAGGT-
(SEQ ID NO:12)
AGR2St Reverse -GCAAGAATGCTGACACTGGA

(SEQ ID NO:13)
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PSA;
PSA Forward ACCAGAGGAGTTCTTGACCCCA (SgQ D
NQO:14)
PSA Reverse CCCCAGAATCACCCGAGCAG

(SEQ ID NO:15)

By selection of appropriate forward and reverse primers specific variants could be
amplified. The person skilled in the art can, however, easily design alternative primers
since the splice variants are described herein and the complete sequence of the gene to

be analyzed is known.

Exosomes (extracellular vesicles, EV) are specialized nanovesicles (30-100 nm) that are
actively secreted by a variety of normal and tumor cells. Elevated exosome amount has
been found in malignancy effusions, serum and urine from cancer patients. Certain RNA
transcripts are enriched several 100-fold in the exosomes compared with the donor cells
and in particular exosomes are enriched in unique transcripts specific to tumor cells that
may be below detection limit even in the tumor cells themselves. Therefore, the mRNA
levels of svB, svC, svE, svF, svG and svH (shown in Figure 5) variant of AGR2 in urine
exosomes was analyzed, in order to define the most reliable source of the AGR2 variant

as biomarkers for prostate cancer.

The present invention provides an in vitro process for the diagnosis of prostate cancer in
exosomes. The term "exosome" is used as a term for "extracellular vesicles". The term
"diagnosis” means to obtain more insight in the specific forms of cancer and whether the
patient suffers from an aggressive form of prostate cancer or whether possibly other
diagnostic markers speak for a benign form which does not require surgery or treatment
with strong chemostatic agents. It is an advantage of the present invention that the
diagnosis can be performed in a sample obtained from the patient without the action of a
doctor. The sample which is used for the diagnostic process is preferably urine. The
exosomes can, however, also be obtained from other sources like from bloods serum or
plasma. In general the diagnostic method can be performed with fluids obtained from the
human body. Body fluids comprise urine, semen, blood (serum of plasma), saliva and any

other fluid which can be obtained from the human body.

The diagnostic method of the present invention is performed on exosomes. Therefore, it is

essential that the exosomes are enriched and the other components or the fluid containing
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the exosomes are at least partially removed. Since the detection step is based on the
amplification of nucleic acids it is essential that nucleic acids which might interfere with the
test results are efficiently removed. Protein components may strongly interfere with the test
results when such components inhibit the enrichment of exosomes. Such proteins may for
example entrap the exosomes and the nucleic acids contained therein cannot be made

accessible to the amplification reaction.

In the following a preferred process for the diagnosis of prostate cancer is described when
the body fluid is urine. One of the advantages of using as starting material for diagnosis
urine is that the sample can be obtained from the patient without any invasive interaction of
a doctor. Moreover, in some cases it may be difficult to obtain a sufficient amount of serum
or plasma from a patient. To obtain a sample via biopsy from patients may be even more
difficult and may increase the risk to cause metastases by circulating tumor cells or

activation of dormant tumor cells.

In the first step of the diagnostic process the exosomes are concentrated from the body
fluid, in particular urine of the patient. In a preferred embodiment the urine is first
centrifuged at a low speed (preferably up to 4,000 G) at a low temperature (2-15°C) for 5

to 30 minutes in order to remove remaining cells and debris.

Preferably the supernatant obtained from the first centrifugation step is filtered through
suitable filtering means in order to remove remaining large particles from the supernatant.
The filter pores preferably have a diameter of about 1 pm to about 150 ym, more preferred

about 5 ym to 100 um.

The urine which has been treated by a low speed centrifugation and possibly an additional
filtration step is then preferably ultracentrifuged. In a particularly preferred embodiment the
method of the present invention comprises the step of ultracentrifugation. This purification
step results in superior test results. The ultracentrifugation can take place either in the
presence of a commonly used buffering agent. The ultracentrifugation is usually performed
at +4°C and at G = 100,000 for 20 minutes, preferably from one hour to two hours. As an
alternative the samples can be purified by chromatography- or precipitation-based
approaches. It is important to enrich the extracellular vesicles with suitable purification

steps from the body fluids.
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The sediment obtained in the ultracentrifugation step is then further treated to extract the
RNA from the exosomes. It is preferred to treat the sediment with proteases and DNAses
or other suitable chemicals in order o extract the RNA from the sediment as efficiently as

possible.

For the analysis of the RNA fractions oblained from this step the RNA is first transcribed

into cDNA with the help of a reverse transcription.

The cDNA obtained in this manner is amplified with a polymerase chain reaction whereby
specific primers developed in the course of the present invention are preferably used.
From the nucleotide sequence of AGR2 (SEQ ID NO:1) and the complement thereof
suitable parts are selected. Then it has to be checked whether said primers do potentially
amplify other sequences which may result in false-positive reactions. In the course of the
present invention the following primers are especially preferred: SEQ ID NO:3 to
SEQ ID NO:13 which allow the amplification of variants of distinct splice variants of AGR2,
To avoid artifacts, for a PCR reaction usage of 2 different primer pairs or preferably 3

primer pairs is more preferred

After having performed the PCR reaction the amplification products are analyzed. It is well-
known in the art, how such analysis can be performed. In a preferred embodiment the

nucleic acid is amplified in a quantitative PCR.

Depending on the results the diagnosis can be performed. The presence or absence of
specific variants of the AGR2 gene allows a diagnosis whether the patient suffers from a

malignant prostatic cancer or whether the clinical symptoms are benign.

The experimental results show that mRNAs coding for isoforms B, E, G and H are
significantly elevated in tumor patients compared with samples obtained from patients with
benign forms according to the student —t test. The isoforms G and H demonstrated
significantly higher specificity and sensitivity compared to the currently applied standard
PSA test. Therefore, it is preferred to detect the presence and/or absence of the isoforms

G, H, B and E either alone or in combination.

Since the diagnostic process of the present invention is also based on the observation

whether certain variants are overly expressed or expressed only to a very low level it is
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preferred to standardize the test method. This can be done for example by using always
the same concentration of RNA in the test. It is preferred to standardize the RNA level to

10-50 ng, preferably to 30 ng per sample to be ampilified.

Another alternative to improve the reliability of the diagnostic result is to amplify together
with the AGR2 variants also a housekeeping gene. A so-called "housekeeping gene” may
serve as internal standard which allows a comparison of results obtained in different
experiments. Such as housekeeping gene is preferably the gene GAPDH which is present
in all samples. Of course other housekeeping genes, recruited to the exosomes can also
be used. In case PSA is amplified, suitable primers are SEQ ID NO:14 and SEQ ID NO:15.

It is one object of the present invention to determine whether splice variants of the AGRZ2
gene can be amplified and thereafter be assigned to certain types of diseases, in particular
different tumors, and furthermore whether nucleic acid coding for certain splice variants

can be delected in exosomes obtained from the urine of patients.

AGRZ2 has also been shown to be expressed in several human tissues rich in epithelial
cells, like prostate, breast, small intestine, colon, lung, and pancreas. Its protein level was
found increased in prostate tumor tissue and its expression level was associated with poor
survival of prostate cancer patients. Therefore, the method of the present invention may
serve as means for a prediction of the further development of the disease and as means

for differentiating one type of tumor from another.

In breast and prostate adenocarcinoma, AGRZ seems to be under the control of ER or
androgen receptor expression. Up-regulation of AGR2 enhances classical hallmarks of

cancer, such as metastasis, invasion, colony formation, and proliferation.

The present invention is further illustrated in the following examples whereby the results
are shown in the enclosed Figures. Important aspects of the present invention can be

summarized as follows:

Splice variants E and G are enriched in exosomes isolated from the blood of patients
suffering from prostate cancer. Such splice variants were, however, not detected in cells

isolated from blood (compare with Figure 2A).
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Splice variants E, F, G and H are enriched in exosomes isolated from urine of patients
suffering from prostate cancer as compared to the urine sediment. The result that the
exosomes allow superior diagnostic results could not have been expected. This can be

seen from Figure 2B,

Clinical pilot studies confirmed that splice variants G and H are enriched in the exosomes
isolated from urine of patients suffering from prostate cancer patients. Those splice
variants are significantly better diagnostic markers as compared to serum PSA. This can

be seen from Figure 3A or 3C, respectively.

The analysis of ARG2 splice variants from the exosomes obtained from blood and/or urine
is tumor type specific. Figure 6 for example shows the enrichment of AGR2 splice variants
in breast cancer exosomes which may allow the distinction between breast and prostate

cancer.

Splice variant C is present in breast cancer exosomes but absent in prostate cancer
whereas variant A is present in the exosomes derived from patients suffering from prostate
cancer but absent in exosomes obtained from patients suffering from breast cancer. Even
if prostate cancer and breast cancer are highly specific to gender such distinction may also

be useful in the molecular diagnostic of other cancer types.

The present invention is summarized in the Figures and further illustrated in the following

examples:

Figure 1 Characterization of extracellular vesicles (EV) isolated from the plasma

and urine of patients with colorectal carcinoma

EVs isolated from the blood plasma (A) and urine (B) by differential centrifugation were
characterized by transmission electron microscopy (upper panels) and dynamic light
scattering analysis (Zetasizer, Malvern Instruments, Germany). To detect different
population of vesicles, three main parameter were applied: distribution by intensity (left
panel), allowing to visualize vesicles according to the intensity of their fluorescence
independent on number; distribution by mass (right panel) according to which the amount
of vesicles with certain mass can be measured, and distribution by number (table below),

showing the relative amount of vesicles of certain size. (A) Three populations of vesicles



WO 2015/082372 PCT/EP2014/076044

10

were detected in the blood plasma (left panel). According to the distribution by intensity
first population (15% of total amount) consists of EVs with the radius 4,5 nm; second
population (43%) consists of EVs with the radius of 23,6 nm which be the size
corresponding to exosomes; 41% of total EVs comprise a third population of EVs with the
mean radius of about. 254,2 nm and might contain bigger vesicles or agglomerates. The
analysis of the distribution of EVs by mass clearly shows that the majority of EVs (95%) is
represented by the population of vesicles with the radius of 4.7 nm which might correspond
to liposomes. Only a minor part of EVs (4,6%) consists of EVs with the radius of 43 nm,
which might correspond to exosomes. Analysis of the distribution by number show that the
vesicles with the radius of 4,7 nm represent 99,9%, and the vesicles with the radius of 23,6
nm, which correspond the size of the exosomes, represent 0,09%, and the vesicles with

the radius of 254,2 nm comprise about 0,01% of the whole amount.

(Figure 1B) Vesicles isolated from the urine represented a homogenous population with
the average radius of about 74 nm, which as contain EVs with the size, corresponding

exosomes, and bigger vesicles as it is shown by electron microscopy (upper panel).

Figure 2 Comparative analysis of the AGR2wt and the splice variants svC, svE,
svF, svG, svH mRNA levels in different components of the blood plasma and urine

of patients with prostate cancer.

For this analysis 5 patients with prostate adenocarcinoma were chosen. RNA was isolated

either from the total blood plasma or from the EVs isolated from the blood plasma (A).

As a second source of AGR2 and its splice variants, urine sediment and urine EVS were

examined (Figure 2B).

RNA was isolated from these four sources and subjected to the quantitative RT-PCR.

GAPDH was used as a reference gene for the normalization of signal intensity.

The expression of AGR2 and the splice variants differ between total plasma and plasma
vesicles. It is likely that the splice variant AGR2 SV-E might be specifically enriched in the
plasma EVs of patients with the prostate cancer. However the analysis of urine EVs

delivers more consistent results, supporting application of urine EVs for further analysis.
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(Figure 2C) First, it was verified if the population of urine EVs isolated by differential
centrifugation contains exosomes. Urine from the patients 1, 2, and 3 was used for the
isolation of proteins from the cell sediment, designated as Se; and from the vesicles,

designated as EV.

As exosome markers Tsg101, CD9 and Hsp70 were used. GAPDH served as a loading
control. Additionally, the presence of prostate specific proteins PSMA was analyzed. In all
three patients analyzed PSMA was present on the vesicles isolated from the urine,

supporting their origin from the prostate.

Figure 3 mRNA levels of AGR2 wt and the splice variants in the urine EVs can

serve as an independent diagnostic marker for prostate cancer.

39 patients (24 tumors; 15 BPH) with 15 benign and 24 malign adenocarcinoma were
included into analysis. EVs were isolated from the urine and were directly used for RNA

preparation. 30 ng of RNA were used for the followed quantitative RT-PCR analysis.

(Figure 3A) AGR2 and all splice variants can serve as potential diagnostic markers
allowing to differentiate between benign (BPH) and adenocarcinomas. Additionally,

potential predictive value of AGR2 and its splice variants was controlled.

(Figure 3B) Additionally, The AGR2 svF was demonstrated to show a difference between
high and low Gleason scores. Further analysis of a bigger cohort of patients will verify this

correlation.

(Figure 3C) ROC (receiver operator characteristic) plots of the AGR2 variants on the
exosomes and PSA on the exosome and protein level in serum (analysis regularly used in
the diagnostics) was performed with 27 patients (12 tumor and 9 benign) and revealed
significant differences between AGR2 svG and PSA level in serum (p 0,044); AGR2 svG
and PSA mRNA in the exosomes (p 0,0195) , AGR2svH and PSA in serum (p 0,0269) and
AGR2svH and PSA level in the vesicles (0,0274) confirming that the exosome AGR2 can
serve as an additional independent diagnostic marker for the prostate cancer allowing fo
differ between benign disease and prostate cancer with the higher specificity as common

markers (e.g. PSA).
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Figure 4 mRNA of AGR2 wt and the splice variants are most probably enclosed

in the EVs and are resistant to the RNase treatment.

To verify if detected mRNAs of AGR2 and its splice variants are indeed enclosed into
vesicles, the vesicles from 2 independent samples were treated with RNase. After
treatment the RNase was inactivated and the samples were subjected to the RNA isolation
followed by the Q RT-PCR. The results showed that the AGR2 and splice variants mRNAs
are resistant to the RNase treatment, which support their localization within the EVs.

Figure 5§ shows schematically the structure of different splice variants of the
AGR2 gene,

The AGR2 gene comprises 8 exons. The exons are shown schematically and the different
variants are designated as B-H. A (upper line) corresponds to wild type. It is shown which

exon or which part of an exon is deleted in splice variants B to H.

Example 1: Clinical samples

The use of clinical samples for the study was approved by the ethics committee of the
Innsbruck Medical University. Frozen prostate tissue samples from previously untreated
patients who had undergone radical prostatectomy after tumor diagnosis in a PSA-based
prostate cancer early detection program were obtained from the prostate center of the
Department of Urology of the Innsbruck Medical University. Frozen tissue samples were
processed and microdissected and RNA was isolated. Tumor samples were obtained from
a cohort of Gleason score (GSC) 6 tumors (Gleason pattern 3) and a group of GSC 8-10
tumors (Gleason patterns 4 and 5). Benign epithelial cell samples were isolated from the

same specimens apart from tumor loci,
Example 2: Patients with clinical diagnosis

This example included 30 patients, with prostate cancer and with benign prostate

hyperplasia. Analysed were in each case a urine sample and a blood sample (serum).

The cancer cases were all detected by biopsy. Before prostatic specific antigen (PSA) was

measured and patients with a high PSA-level were advised to undergo a transrectal guided
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biopsy. Their age was in between 28 and 78. As regards the histologic classification only

patients with a gleason score from 6 to 9 were chosen.

All patients with prostate cancer were treated by radical prostatectomy and pelvic

lymphadenectomy.

The patients with benign prostate hyperplasia with a low PSA-level (<4ng/ml) were treated
by transurethral resection. If the PSA-level of these patients was high prostate cancer was

obviated by transrectal guided biopsy following by transurethral resection.
Example 3: Splice variants of AGR2

AGR2 has a fairly broad expression pattern in human tissues. However splice variants of
AGR2 (e.g. the long form, A 6 and A 4-6) are reported to provide some selectivity by being
predominantly expressed in certain tissues or in distinct hepatocellular neoplasms. It was
therefore investigated whether further splice variants of AGR2 exist and whether they

would be a better predictor of prostate cancer development.

In PCR amplification reactions which were carried out with primers in exon | and 8, and 6
new splice transcripts were identified which were termed sv C, E, F, G,H in addition to
transcripts A and B that have already been reported as long and short transcripts of AGR2
(compare with Figure 5). The transcripts C-H most likely arose from alternative splicing as
they lack partial or complete exons. In contrasts to transcripts A and B that are known to
encode the full length AGR2 protein, no protein products for transcripts C, E, F, G and H

have been delected so far.
Example 4

As a further characterization of the splice variants, their expression pattern was examined
in different cells lines to find out whether they would differentiate between cells of prostate
from cells of non-prostate origin. For prostate cells, VCaP, LNCaP, PNT2 and 22Rv.1 cell
lines were used whereas the non-prostate celis which were /ana!yzed consisted of breast
tumor (T47D, MCF7), endometrial tumor (Ishikawa), cervical tumor (Hela), kidney tumor
(Hek 293), liver tumor (HepG2) and choriocarcinoma cells (JEG-3). AGR2 (short form

transcript; svB) was expressed in several cell lines in agreement with reports on its



WO 2015/082372 PCT/EP2014/076044

14

widespread expression. In contrast, it was found that the AGR2 long isoform (sv A) which
was previously reported to be expressed in predominantly prostate tissue, was not only
expressed in the prostate tumor cell lines but also in mammary (MCF7 and T47D) and
endometrial cell lines (Ishikawa). The sv C, E, F, G and H showed varying levels of
expression among the different cell lines with sv C being mainly expressed in prostate
tumor cell lines. This differential expression pattern of the splice variants and their levels
can be used to differentiate in the progression of prostate cancer from the benign to the

more advanced stages of the tumor.

Example 5: AGR2 splice variants in prostate cancer progression

A real-time gPCR was performed for the different AGR2 transcripts on prostate biopsies
which consisted of 32 benign biopsies and 32 tumor samples (16 from Gleason pattern 3
and 16 from Gleason pattern 4). In the quantitative RT-PCR the splice variant sv B (short
transcript) again showed a significant difference (p = 0.0406) between benign and prostate
tumor. In addition sv H was also identified as a predictive discriminator of benign and
prostate tumor (p = 0.0476). All the other splice variants did not show any significant
difference in the two sample pools. Since non-invasive diagnostics (using urine or saliva
samples) are superior alternatives to traditional needle or excision biopsies due to the
reduced patient pain and inconvenience, and greater speed and lower cost of analysis, it

was decided to examine the expression of the splice variants in urine sediments.

Example 6: Urine exosomes for studying AGR2 expression

AGR2Z (svB) splice variant is present in urine sediments of patients with prostate cancer
and their levels correlate with the tumor aggressiveness allowing discrimination between
benign and malignant neoplasm outperforming markers currently used for the diagnostic of
prostate cancer. It was tested whether newly identified splice variants are also present in
urine sediments and these studies were extended to determine whether they are also

present in urine exosomes.

Urine extracellular membrane vesicles were isolated by differential centrifugation and
characterized by dynamic light scattering. This showed that the urine exosomes are of
sizes 74.0 + 85.9 nm. The expression of the AGR2 splice variants in urine sediments and

urine exosomes in 5§ patients diagnosed with prostate carcinoma was compared to find out
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whether the spliced variants are indeed enriched in exosomes. In all 5 samples, the level
of expression of the splice variants was higher in the urine exosomes than in the
sediments suggesting that these transcripts are enriched in the exosomes and are most

likely a more appropriate source for AGR2 as a non-invasive diagnostic marker.

As exosomes are somewhat unique in their protein composition, the level of a few markers
was analyzed as additional traits for the identity of the exosomes in the urine sediments
and exosome preparation of 3 of the isolated samples. It could be shown that TSG191,
CD9, Hsp70 are all overexpressed in the exosome preparation compared to the urine
sediments of the 3 samples. Furthermore we could show that PSMA is enriched in the

exosomal vesicle fraction indicating the prostate origin of these samples.

For that purpose AGR2 wt and sv mRNA levels were examined in urine sediments and in
exosomes isolated from 5 patients diagnosed with prostate carcinoma. The urine
extracellular membrane vesicles were isolated by differential centrifugation and
characterized by dynamic light scattering using Zetasizer instrument (Malvern

Instruments GmbH).

Example 7: The AGR2 wt and splice variants mRNA is enriched in the urine

exosomes

The previous work showed that AGR2 wt mRNA and the transcripts of splice variants (sv)
were preset in urine sediments of patients with prostate cancer. Statistical analysis
revealed that the AGR2 mRNA levels correlate with the tumor aggressiveness and allows
discriminating between malign and benign tumors, outperforming markers currently used
for the diagnostic of prostate cancer. Based on these findings the mRNA levels of AGRZ2
wt and svC, svE, svF, svG, svH were compared in different physiological fluids and tested
if these mRNA is available as a circulating cell-free component or as an entire part of the
extracellular membrane vesicles, e.g. exosomes, in order to define the most reliable

source of the AGR2 wt or sv mRNA as biomarkers for prostate cancer.

For that purpose AGR2 wt and sv mRNA levels were examined in blood plasma and in the
extracellular membrane vesicles isolated from the plasma in 4 patients diagnosed with
prostate carcinoma. Exosome-depleted plasma did not contain detectable levels of RNA

and therefore was not included into analysis. Additionally, urine sediments and urine
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exosomes from the same patients were examined. Prostate specific gene PSA and
GAPDH mRNA were analyzed as controls.

The plasma and urine extracellular membrane vesicles were isolated by differential
centrifugation and characterized by dynamic light scattering using Zetasizer instrument
(Malvern Instruments GmbH).

The analysis shows three distinct vesicles 'population in the blood: population1 with radius
4.7 nm, population 2 with radius 23.6 nm, which might correspond exosomes, and the
population 3 with radius 254.2 nm, which might contain either bigger vesicles or the
agglomerates of vesicles.

Example 8: AGR2 splice variants obtained from exosomes are tumor type specific

By using the methods as described in the previous examples the presence or absence of
ARG2 splice variants was analyzed in samples obtained from patients suffering from other
tumor types or in the exosomes derived from cancer cell lines. The results are shown in
Figures 6-9B.

In the experiments leading to the results shown in Figure 6, ARG2 splice variants were

analyzed in breast cancer cell lines and in the exosomes derived from these celi lines.

The experiments leading to the results shown in Figure 6 allow to speculate that the
recruitment of AGR2 splice variants is tumor type -specific and will for instance allow a
discrimination between breast cancer and prostate cancer. Splice variant C is present in
breast cancer exosome but absent in prostate cancer. On the other side splice variant A is
present in the exosomes derived from a patient suffering from prostate cancer but absent
in samples obtained from breast cancer cells. Consequently the combinatorial application
of translated and non-translated AGR2 splice variants offers a unique possibility for the
diagnosis and prognosis of different tumor entities.

RECTIFIED SHEET (RULE 91) ISA/EP
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Description of the Figure 6-9

Figure 6 Comparative analysis of the AGR2 SVs mRNA levels in the breast

cancer cells and in exosomes

mRNA levels of AGR2 wild type and of splice variants were analyzed in three breast
cancer cell lines: MCF7, MDA-MB-361 and MDA-MB-231. The cells were routinely cultured
at 37°C by 95% humidity and 5% CO2. The cellular RNA was isolated using RNeasy
Qiagen kit according to the manufacture of the supplier. Exosomes were isolated from the
supernatants of the cells grown in serum-free medium for at least 48 hours. Serum- free
medium was used to avoid contaminations with the bovine exosomes. Three hundred fifty
ml of cell culture supernatant was used from each cell line for the exosome isolation.
Exosomes were isolated by differential ultracentrifugation as described elsewhere
(Nazarenko et al.,, 2010 Cancer Research). After sedimentation by ultracentrifugation,
exosomes were directly re-suspended in RLT lysis buffer, supplied with the RNeasy
Qiagen Kit. Then RNA was isolated according to the manufacture of the supplied. For the
production of cDNA, 500 ng of cellular RNA and 30 ng of exosomal RNA were used.
Quantitative PCR, using GAPDH and AGR2- specific primers was performed as described

above.

Splice variants B, C, G and H were detected in both, cells and excsomes, whereas only
splice variant G was strongly enriched on the exosomes. Splice variants A, E and F were
detectable only in the cells but not in the exosomes, which differed from the data obtained
by the analysis of exosomes derived from the prostate cancer cells. These data suggest a
difference in the recruitment of AGR2 splice variants mRNAs to exosomes in different

tumor types, which may potentially be used for the diagnosis.

Figure 7 AGR2 SVs mRNA levels in the exosomes isolated from the urine of 4

patients with urothelial carcinoma.

EVs were isolated from the urine of 4 patients diagnosed with urothelial carcinoma using
protocol applied for the isolation of EVs from the urine of the patient with prostate
carcinoma. Following differences were observed as compared to the prostate and breast
cancer EVs: SV-A is present in EVs isolated from the urine of the patients with urothelial
and prostate cancer, but is absent in breast cancer EVs (Fig. 6); The SVs-E, -F, -G shown
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to be enriched in the EVs of prostate cancer patients, were detectable at low levels only in

one out of four patients with urothelial carcinoma.

Figure 8 AGR2 SVs mRNA levels in the exosomes isolated from the urine of 4

patients with renal cell carcinoma.

EVs were isolated from the urine of 4 patients diagnosed with renal cell carcinoma using
protocol applied for the isolation of EVs from the urine of the patient with prostate
carcinoma. Following differences were observed as compared to the prostate, breast and
urothelial cancer: only SV-A, B, C were detectable in 2 from 4 samples. SV-E, F, G seems
to be prostate cancer specific and could not be detected in the EVs derived from the urine

of patients with renal cell carcinoma.

Figure 9 AGR2 5Vs mRNA levels in the exosomes isolated from the bicod

(serum or plasma) of patients with different tumor types.

To assess if blood can be used as a source of EVs for the AGR2-based diagnosis of other
different tumor types, blood samples from patients with urothelial and renal cell carcinoma,
melanoma, breast and colorectal cancer were used for the isolation of EVS. The GAPDH
mRNA was analyzed as a control; additionally, breast cancer cell lines T47D was used as
a positive control for the AGR2 wt and splice variants. No AGR2-specific signal could be
detected in the EVs isolated from the blood samples of these tumor entities, suggesting
that only a very low proportion of EVs, derived from the tumor cells were present in the
blood and supporting that urine may be a better source for EV for the diagnosis of

prostate, urothelial, renal carcinomas.
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Claims

1. In vitro process for the diagnosis of prostate cancer and other tumor types in

exosomes obtained from a body fluid which comprises

a) concentrating the exosomes from a body fluid of a patient,

b) extraction of total RNA from the exosomes and other types of extracellular

vesicles obtained in step a),

c) conversion of the RNA obtained in step b) to cDNA,

d) amplification of the cDNA obtained in step c) with a polymerase chain
reaction whereby primers derived from the AGR2 nucleotide sequence or

the complement thereof are used, and

e) determining whether in the amplification product variants of the AGR2 gene

can be identified.
2. Process according to claim 1 wherein the concentration of the exosomes from the
body fluid of a patient according to step a) is performed an ultracentrifugation of the body

fluid in a buffer at G 2 100,000 for at least 30 minutes.

3. Process according to claim 1 whereby for the concentration of the exosomes from

the body fluid of a patient according to step a) is

al)  centrifuged at low speed in order to remove cells and debris,

a2) the supernatant is filtered through filtering means, and

a3) the supernatant is ultracentrifuged, and

a4) the fraction containing the exosomes is harvested.
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4. Process according to any of the preceding claims wherein the RNA is extracted

from the exosomes by freating the sediment with at least one protease and DNAse.

5, Process according to any of the preceding claims wherein additionally the
concentration of RNA is determined and the sample is adjusted to a concentration of 10 to
50, in particular 30 ng RNA.

6. Process according fo any of the preceding claims wherein the conversion of the

RNA to cDNA is performed by reverse transcription.

7. Process according to any of the preceding claims whereby in addition to the

primers derived from the ARG2 gene or complement therefrom a housekeeping gene is

amplified.

8. Process according to claim 7 wherein the housekeeping gene is GapDH and/or
PSA.

9. Process according to claims 1 to 8 wherein at least two primers are selected from

the group consisting of SEQ ID NO:3 to SEQ ID NO:15.

10. Process according to any of claims 1 to 9 wherein the PCR is a quantitative PCR.

11. Process according to any of the preceding claims wherein the extraceliular vesicles

are further purified from the body fluid by a chromatography step.

12. Process according to any of the preceding claims wherein the extracellular vesicles

are further purified from the body fluid by a precipitation step.

13. Process according to any of the preceding claims wherein the body fluid is urine.

14. Process according to any of claims 1 to 12 wherein the body fluid is plasma.

15. Process according to any of claims 1 to 14 wherein the other tumor type is selected

from tumors of breast, kidney, bladder, ovarian, small intestines, colon, lung and pancreas.
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Fig. 6 Comparative analysis of AGR2 SVs mRNA levels in
breast cancer cells and in exosomes
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Fig. 7 AGR2 SVs mRNA levels in exosomes isolated from
the urine of 4 patients with urothelial carcinoma
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Fig. 8 AGR2 SVs mRNA levels in exosomes isolated from
the urine of 4 patients with renal cell carcinoma
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Fig. 9A AGRZ SVs mRNA levels in exosomes isolated from blood
{serum or plasma) of patients with different tumor types
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Fig. 9B AGR2 SVs mRNA levels in exosomes isolated from blood
{serum or plasma) of patients with different tumor types
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