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The invention relates to a method and/or narker for determ ning the
aggressive nature of cancer tissue for use particularly, but not

excl usi vel y, ™O98/8561 di agnostic, prognostic or drug screeRCREBIMFses:

and a kit for use therefor. G ven our current know edge, the
i nvention is thought to have particul ar application in determning a
predi sposition towards and/ or the aggressive nat ure of

gastrointestinal, pancreatic, colorectal, prostate cancers. However

it is not intended that the invention should be [imted thereto, rather, we

10 consider that the invention has wi de application in a determ nation

of the aggr essi \RE X S CER (TISSUE I n

this application by the term aggressive nature we nean the probability of
The invention relates to a method and/or marker for determining the
aggressive nature of cancer tissue for use particularly, but not exclusively, for

5 diagnostic, prognostic or drug screening purposes; and a kit for use therefor.

Given our current knowledge, the invention is thought to have particular
application in determining a predisposition towards andfor the aggressive
nature of gastrointestinal, pancreatic, colorectal, prostate cancers. However
it is not intended that the invention should be limited thereto, rather, we
10 consider that the invention has wide application in a determination of the

aggressive nature of any type of cancer tissue.

In this application by the term aggressive nature we mean the probability of

an individual experiencing disease relapse following curative treatment and/for

surgery.

15 A number of techniques have been developed in order to try and predict the
aggressive nature of cancer tissue and insofar as the gastrointestine, and more
precisely colorectal cancer, is concerned current practice involves subjecting
a resected specimen to routine pathological staging using what is known as
the Dukes’ classification. This classification involves an examination of the

20 specimen in order to determine the penetrative nature of a tumour.
Essentially, there are three classifications A, B and C. A characterises
tumours that have been confirmed to within the bowel wall, B characterises
tumours that have penetrated the bowel wall, and C characterises tumours that

have spread to local lymph nodes or distant sites. There are very few
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activity. It iwpulddeaefir fromradjweant chemotherapy. Whilst the majority of patients
with early stage disease are likely to survive free of disease recurrence for
five years, a small but significant proportion of these suffer disease relapse
and die of the effect of their cancers. It would therefore be highly desirable
10 to develop a method of predicting those patients with early stage disease who
are likely to relapse in order to offer adjuvant chemotherapy to this selected
group. In addition, if such a marker of aggressive tumour behaviour was
found, it is feasible that patients with tumours not exhibiting this feature may
be found to follow a more benign clinical course following resection and may
15" therefore be spared the unpleasant side-effects of chemotherapy.
Furthermore, targeting of adjuvant chemotherapy in this manner would have

significant resource implications and could result in substantial cost savings.

The identification of a suitable marker for determining not onmly the
aggressive nature of gastrointestinal cancers, but also other cancers would be

20 a significant development in the treatment of cancer patients.

Moreover, such a marker would also be of significant benefit in determining
the efficacy of cancer drugs. This is because individuals identified as either
positive or negative for the marker could be suitably selected for clinical
trials. Thus, the data from such trials would not be compromised by the use
25 of a distorted sampling population, in other words poor results could be

assessed having regard to the predicted aggressive nature of the disease to be
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predicted aggr eésnséio & £9b8 ra?nigé atcpde ppoité:iﬁa@ﬁh 20sigal sequence. This sequence
derived from REG cDNA contains a previously described 144 amino acid
10 sequence of pancreatic stone protein (PSP)® and the partially-determined 45
amino acid sequence of pancreatic stone protein.”’ The human REG gene has
been mapped to chromosome 2p12.%¥ 1t is a pleiotropic gene with a role in
modulating cell replication growth and maturation. The protein product,
lithostathine, is secreted by the normal exocrine pancreas and inhibits the
15 growth of calcium carbonate crystals. Levels of this protein in pancreatic

juice have been found to be reduced in chronic pancreatitis.®

Previous studies using Northern blot analysis™ detected REG mRNA in
normal pancreas, gastric mucosa and kidney, but not in the liver, spleen,
brain, thyroid gland, submandibular gland, oesophageal mucosa, rectal
20 mucosa or lymphocytes.” REG mRNA was detected in various levels in two
gastric carcinomas, 5 out of 6 colonic carcinomas, a colonic polyp and a
rectal carcinoma, despite the absence of REG mRNA in any non-tumour
mucosa of the colon and rectum. However, despite this detection no one has
previously considered that REG gene product and in particulatr REG mRNA

25 may be suitable as a marker for determining the aggressive nature of a



WO 98/ 00561 PCT/ GB97/ 01739
3 treat ed. We believe we have identified a marker for
determ ni ng the aggressive nature of cancer tissue and this marker

I s the pancreas regenerating gene (REGQ product . 5 The
pancreas regWAdBBhg gene (REG), identified by Terazono eRCHFPEMP|n
1988, is expressed in regenerating pancreatic islet cells in the rat but

not in normal islet cells. The hunman honol ogue to rat REG cDNA in
pancr eas encodes a 166 am no acidyprotein with a signal sequence.
Thi s sequence derived from REG cDNA contains a previously described
144 amino aci deaker. This abeRRGR dbodPRas RllowedsipResentadied withRSRwEs" ] and
the partially-deternined 45 ) am no aci d sequence of pancreatic stone
protein.[err] linkngdisgaseRE@pse mithnBEG gene expisssion.nmapped to chronpsone
2pl2.[err] It is a pleiotropic gene with a role in nodul ating cell

replication growh and maturati on. The protein product,
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growt h of calcium carbonate crystals. Levels of this protern in

pancreatic between REG gene expression and a wide range of cancers. This information
5 is of particular importance where one is concemed, an extremely aggressive
cancer, with is concemed, such as pancreatic cancer. Indeed, the outlook for
patients presenting with pancreatic cancer is exceptionally poor , and fewer
than 1% of patients will be alive five years following diagnosis. Surgery
offers the only hope of cure, and for patients with localised disease, surgical
10 resection may be possible. Studies examining the systemic dissemination of
small numbers of tumour cells from other gastrointestinal tumours suggest
this feature to be associated with a poor prognosis. Whilst the prognosis in
pancreatic cancer is frequently poor following potentially curative surgery, the
presence or absence of disseminated micrometastases may well be of
15 significance in the planning and evaluation of adjuvant therapy and the
establishment of accurate prognosis. Previous immunohistochemical studies
in pancreatic cancer have shown a high rate of bone marrow micrometastases
present at the time of initial surgery, and related this finding to a poorer
disease-specific outcome (8). We have developed a RT-PCR based approach
20 to the detection of bone marrow micrometastases from pancreatic tumours,
The PCR reaction amplifies cDNA for the gene REG which is constitutively
expressed in pancreatic acinar tissue and encodes for the secreted protein
lithostathine. Moreover, we have shown that REG gene products are present

in peritoneal washing from patients with pancreatic cancer.

25 We have also developed a RT-PCR based approach to the detection of bone

marrow micrometastases in patients with colorectal cancer.
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undertaken this work and we have found a col oration
In addition, we were shown a correlation between REG gene expression
5 products and malignant tissues in prostate tissue and also a correlation
between the expression of this gene and individuals suffering from or known

to suffer from ulcerative colitis a disease known to predispose one to cancer.

Given the above, it can be seen that products of the REG gene serve as
markers for not only establishing the tendency towards, but also the

10 aggressive nature of cancer tissue.

It is therefore an object of the invention to provide a method for determining

a tendency towards or the aggressive nature of cancer.

It is yet a further object of the invention to use REG gene transcription and/for
translation as a marker for aggressive cancers, and more particularly, REG

15 gene expression products as such markers.

It is yet a further object of the invention to provide a kit for determining the

aggressive nature of cancer tissue.

According to a first aspect of the invention there is therefore provided a
method for determining a tendency of a tissue to become cancerous or the
20 aggressive nature of cancer tissue comprising examining said tissue andfor
fluid associated with same to identify a product of REG gene transcription

and/for translation.
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have al so devel oped a RT-PCR based approach to the detection of bone
mar row m cromef ARt ARGHck WHIA hGiS eihiled I 0 éaarlxlxplg Thay be taken and the
amount of REG gene product determined and ideally compared with normal
10 levels. Once this is done an elevated level of REG gene product in an
individual suffering from, or known to have suffered from, cancer would be
indicative of the existence of, or recurrence of, an aggressive cancer,

respectively, and so appropriate action could be taken.

According to a further aspect of the invention there is provided the use of the
15 REG gene, and more particularly, a product thereof for the determination of

the aggressive nature of cancer tissue.

According to a yet further aspect of the invention there is provided a
screening procedure for determining the efficacy of a selected therapeutic

comprising;

20 a) examining cancer tissue and/or fluid associated with same from an
individual who may take part in said screening in order to determine

whether REG gene is transcribed and/or translated; and
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which is designed to treat particularly aggress'ive cancers is to be determined

5 then individuals that are expressing the REG gene, or termed REG gene

positive, will be selected. Conversely, individuals which do not express said

gene will not be selected. Altematively, where a therapeutic has been

designed to treat less aggressive cancers, individuals who are REG negative

will be selected for trials and individuals which are REG positive will not be

10 selected. However in some instances a mixed population of individuals may

be selected.

According to a yet further aspect of the invention there is provided a kit for
determining the aggressive nature of cancer tissue comprising means suitable

for identifying transcription and/or translation of the REG gene.

15 An embodiment of the invention will now be described by way of example

only with reference to the following figures wherein;

Colorectal Cancers

Figure 1 shows the cormrelation between the curmrently used Dukes’

classification and REG gene mRINA expression.

20 Figure 2 shows tumour recurrence data for individuals that are REG gene

positive and REG gene negative.



transl ation as a marker for aggressive cancers, and nore particularly,

15 gene expression products as such markers.
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Is yet a

further object of the invention to provide a kit for determ ning the
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determ nation of the REG gene protein.
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15

Figure 4 shows two years survival data for individuals who are REG gene

positive and REG gene negative. .

Figure 5 shows cancer specific survival rate for individuals who are REG

gene positive and REG gene negative.

Figure 6 shows survival in patients with REG-positive tumours of the colon
or rectum with and without REG mRNA detected in bone marrow aspirates

at the time of surgery.

Figure 7 shows a disease-free survival in patients with REG-positive tumours
of the colon or rectum with and without REG mRNA detected in bone
marrow aspirates at the time of potentially curative surgery.

Figures 8 and 9 shows the expression of the REG gene in both cancer tissue
and tissue at a varying distance therefrom (i.e. 2, 4, 6 cm) and in normal-
appearing mucosa (nm) situated at the margin.

Prostate Cancer

Figure 10 shows expression of REG mRNA in prostatic biopsy material

(duplicated results).

Ulcerative Colitis

REG

In

According to a first aspect of
met hod PCEICBIENEIM ning a

aggressive nature of

a



In the instance where the protein is to be determ ned anti bodi es,

nonocl onal 5 or polyclonal, may be used in order to bind to said REG
pr ot ei n. Advant ageously, additional antibodies may be used to
anplify the nature of the reaction and/or antibodies Lt h
sui t abl e | abeVQ%¥B8%Y| so be used. In the instance ﬂ%@ggﬁgrﬁﬁd i s
exam ned a bl ood sanple may be taken and the anount of REG gene
product determ ned and ideally conpared with normal 1 0 | evel s. Once
this is done an el evated | evel of REG geng product in an i ndi vi dual

suffering from or known to have suffered from cancer would be

i ndi cative of tRigufxi bilRWaeREG expressi6n iff mabesal biopsies irfggiveiafltmagsger
respectively, and so_appropriate_ action could be taken. Accordi ng
to a further aspriel diseaseand inqyiesentiappeasingsmpeesdi ded the use of the 1 5
REG gene, and nore particularly, a product thereof for the determ nation of
the aggressive nature of cancer tissue. According to a yet further
aspect of the iThemisé OF RBET SerieS piodavts dsifitable markers 'fof HeRGmiMing afr e for
determning the efficacy of a selected therapeutic conpri Si ng; 20
a)  exam ni ng agguessivet hatytee ofimahcer fissmedwas sidentifiedd having regaml fto ahe an

I ndi vi dual _who take part in said screening in order to determ ne

whet her RE® gen é"“&&ﬁ’ﬂ@&ﬂ%&ﬁd and/ or translated; and

COLORECTAIL CANCERS

Materials and Methods

We obtained from our tissue bank 48 matched tumour and adjacent non-
tumour mucosa samples collected at resection or surgery for colorectal cancer.
10 Following snap freezing in liquid nitrogen at the time of collection these were
stored at -80°C until analysis. Clinical follow-up was available on all 48

patients for a minimum period of two years.
RNA Extraction

Samples of mucosa were sliced from the frozen tissue blocks, ground to

15 powder in an Eppendorf tube and immediately resuspended in Iml of
tetradecyltrimethylammoniumoxylate (Catrimox, Iowa Biotechnology Corps,

Iowa, USA). Particulate remains were allowed to precipitate 5 minutes when

the supernatant was aspirated for further analysis. The supernatant was
centrifuged for 5 minutes at 1,000G forming an RNA pellet. The supernatant

20 was discarded and the RNA pellet resuspended and mixed in 1ml of 2mol
lithium chloride. Further centrifugation was carried out at 13,000G for 5

minutes. A total of 5 cycles of centrifugation and resuspension in lithium
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dependi ng upon the results of a) above including or excluding said

i ndividual fromtrials to investigate the efficacy of said thera eéltic.
It will be XYP%08%d that in the instance where the efficalyT6P 173

t herapeutic which is designed to treat particularly aggressive
cancers is to be determned 5 then individuals that are expressing the
REG gene, or ternmed REG gene posijhive, will be selected. Conversely,
I ndi vi dual s which do not express said gene will not be sel ected.

Al ternativel y,chidtffedwére caficd@it! IThe fitalte&i3pension waslBaridd Bt i1l B less

aggressi ve cancers, individuals who are REG negative
sel ected for t75% kethanoltidi@i Falleatisg eentrifugation REE,H00G tfor® minbtes,nid  be 10

sel ected. However in sone,nstances .a m xed popul ajjon of individuals may
be sel ected. Supernatant Was E}’fsﬁ?rﬂﬁ‘?%g g“‘y’é‘?’“‘?‘ﬂ?‘?ﬂ&?"%&ﬁeﬂ’ agum aRPANYENt | on

there is provigedoamidted OrAny residuﬂeqa@ardgisﬁ nquiphae&g%rﬁafw?m&?w e of
cancer tissue conprising neans suitable or identifying
transcri psi on conthimer dandatiel RNArpetiet résuspinidedcine20ul of water, containing

Immol DTT and 1 unit per xl RNAsin.

Reverse Transcription

1041 of the solution prepared as above was added to 10ul of reverse
transcription mix containing 3mmol magnesium chloride, 1 x RT buffer

10 (Promega, Madison, WI, USA), 1mmol each DNTP, 2.5ug per 10041 oligo
DT, 1 unit per ul RNAsin, 600 units per 1001 MMLVRT. Reverse
transcription was carried out at 42° C for one hour followed by a five minute
period at 95°C.

PCR Reaction

15 PCR for REG cDNA was carried out only after satisfactory results were
obtained from PCR reactions instigated to detect DNA contamination of RNA
samples, using heat shock protein primers and cDNA formation using
G3PDH primers.

Primers spanning introns were devised to amplify a 263bp product of REG
20 cDNA (REG upper dAACATGAATTCGGGCAACC; REG lower
dGGCACATCCTTCCATTTCT). REG primers and template (1ul RT
reaction product) in a final volume of 10ul were overlaid with mineral oil

and heated to 95°C for a hot start PCR. The reaction was initiated by adding
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gene positive and REG gene negati ve.
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20

10wl of 2 x PCR reaction mix containing 10 x Taq buffer (2ul), magnesium
chloride (2mmol), DNTPs (0.2mmol each) and Taq polymerase (2 units).
Reactions proceeded in a thermal cycler for 40 cycles (denaturation 60
seconds 95° C, annealing 60 seconds 55°C, extension 60 seconds 72°C).
PCR products were run on a 2% agarose gel containing ethidium bromide.
Positive results were found as a band on gel electrophoresis corresponding to

a 263bp product.

Detection of REG mRNA in Bone Marrow for Patients with Colorectal
Cancer Was Determined As Follows:

17 consenting patients underwent bilateral bone marrow aspiration at the time
of resectional surgery of a REG expressing colorectal cancer. Whilst patients
with overt liver metastases diagnosed pre-operatively were excluded from the
study, two patients were found to have previously undiagnosed metastatic
disease at operation, and a further patient had incomplete excision of a locally
invasive tumour. Pathological staging was available on 12 resected
specimens and classified 1 as Dukes stage A, 5 as Dukes stage B and 6 as

Dukes stage C disease.

Materials and Methods

Following the induction of anaesthesia, 3mm stab incisions were made over
the sites of intended aspiration at the left and right posterior iliac crests to

avoid epithelial cell contamination of the samples. 5ml of bone marrow was

- aspirated using a sterile, single-use needle and place in a heparinised

container. Samples were then subjected to Ficoll™ density centrifugation, and

the mononuclear layer was collected for further analysis. Following two

€ REG

Fi gure



Figure 4 shows two years survival data for individuals who are REG gene

positive and REG gene negati ve. 5 Figure 5 shows cancer specific
survival rate for individuals. who are REG gene positive and REG gene
negati ve. Figure 6 shows survival in patients with REG positive
tunours of tWwe 9s/msein or rectumwi th and without REGHERTAEBRcted in
bone marrow aspirates at the tinme of surgery. 10 Figure 7

shows a di sease-free survival in patients with REG positive tunours
of the colon or rectumw th and w t hout IgEG MRNA detected in bone

marrow aspirates at the tinme of potenti&lly curative surgery.

mar oW aspi ra | _ _ |
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15 appear i pgospinoweere prepared bt d0%adtah tellspgl, iy dried and maintained5ta3bat e
Cancer Figure 10 sho expressi on of REG nRNA in prostatic biopsy
mat eri al C l{l’ﬂ& pequitade dl %165 totakgells of the remaining sample were stored at

-80 C until required for RNA analysis.

5 Immu tochemist;

Defrosted slides were fixed in 70% ethanol for 10 minutes prior to
immunostaining using the strépatavidin-biotin method with fast red as
chromagen. Non-specific staining was minimised by initial pre-incubation

with normal rabbit serum. Excess serum was removed and the primary anti-

10 epithelial monoclonal antibody Ber-EP4 applied for 30 minutes at room
temperature. Following washing and further rabbit serum blockade, a rabbit
anti-mouse biotinylated conjugate was applied for 30 minutes(Dako UK).
Following further washing and brief incubation with Tris buffer, alkaline
phosphatase conjugated streptavidin was added for 30 minutes (Dako UK).

15 After further washing, fast red solution containing levamisole {Dako UK) was
added to each slide for 20 minutes. Following immersion in distilled water,

slides were counterstained with Mayers haematoxylin and examined under

light microscopy. Control positive slides were included in each batch of

slides stained and for each pair of slides stained a further slide was subjected

.20 to the above protocol in the absence of a primary antibody to control for non-
specific background staining. All slides were reviewed by an experienced

consultant cytopathologist blinded to the -RT-PCR experimental resuits.
RNA Extraction

Cell samples were suspended in 1ml of Catrimox™ cationic surfactant
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11 shows REG expression in nucosal biopsies in active inflammtory

bowel di sease,

gene products we

arylgl i_n qui escent -appeari ng nucosa. The use of

nature of cancer tissue was identified having regard to the 5 f ol
COLORECTAL CANCERS Mat eri al s and Met hods

experi nments.

10

15

20

25

13

solution on removal from -80 C storage. The solution was centrifuged for 5
minutes at 1000g, forming a detergent-bound RNA pellet. The supernatant
was discarded, the RNA pellet resuspended in 1ml of 2M LiCl, and
centrifuged at 13 000g for 5 minutes. A total of five cycles of washing and
centrifugation in 2M LiCl were carried out, followed by a final wash with
70% ethanol at 4°C. Following centrifugation at 13 000g for 5 minutes the
ethanol was discarded and the pellet dried in vacuum drying apparatus for 30
minutes. The RNA pellet was resuspended in 20ul of water containing ImM
dithiothreitol and 1U/ul RNAsin (Promega, Southampton).

RT-PCR

RNA (10u1) was reverse transcribed in a 20ul reaction using 120U MMLV-
RT (Promega) 0.5ug oligo (dT), lmM each dNTP 20U RNAsin , in 1X
reverse transcription buffer with 3mM MgCl,, at 42°C for 1 hour followed
by a five minute heat inactivation period at 95'C. All cDNA samples
underwent Ampliﬁcation using primers for a constitutively expressed gene
(glyceraldehyde-3-phosphate dehydrogenase), to confirm RNA extraction and
reverse transcription. Intron-spanning primers were devised to amplify a 263
base pair product of reg cDNA (A ccession number Genbank/EMBL J05412)
(reg upper JAAACATGAATTCGGGCAACC, positions 2708....2726, exon
4; reg lower dGGCACATCCTTCCATTTCCT, positions 3880....3862, exon
6). Primers (ImM) and template (1 microlitre of RT reaction product) in a
final volume of 10 ul were overlaid with mineral oil and heated to 95°C for
‘hot start” PCR. The reaction was initiated by the addition of 10 ul of PCR
reaction mix, to give Taq polymerase (1U) ), dNTPs (0.2mM each,
Pharmacia) 1X Taq buffer (Promega) and MgCl, (2mM). Reactions

proceeded in a thermal cycler for 40 cycles (denaturation 60s 95°C, annealing

Fi gure
REG

M5¢abl e markers for deternini ng the P%‘é’?’é’&?f’%e

| ow ng



We obtained fromour tissue bank 48 matched tunmpur and adj acent non-
t unour nmucosa sanples collected at resection or surgery for col orectal

cancer. 10 Foll ow ng snap freezing in liquid nitrogen at the tine of
coll ection these were stored at -80[err]C until analysis. Cinical
fol | ow up wawoesesetbl e on all 48 patients for a nmHR H? od of
two years. RNA Extraction Sanpl es of nucosa were sliced
fromthe frozen tissue blocks, ground to 15 powder in an Eppendorf tube

and i nmedi ately resuspended in 1m of

tetradecyl trimet hyl ammoni unoxyl ate (Catrinox, |owa Bi otechnol ogy Corps,
lowa, USA). Paghd §5Mc0leq ehﬁaﬁ' ROWEEud W€ Elebt es Wﬂen
the supernatant was aspfrat ed or fur?ﬁ an‘é ySI S. F rB@fj %srirdla ?’
centrifuged foagdose igel evnwinifig 0Bdidmr hnomgdamrﬂl\lmsnahkalt byTbhraszitnetr nat ant

20 was di scarded and th el | et ended and mxed in_ 1m of 2nol
li t hi um chl ori Haos! {%BPHE‘E&R‘F’B ‘a{t‘Y%ﬁﬁaER iPagseReR ofa 2639pkand f or
mnutes. Atotal of 5 cycles of centrifugation and resuspension in lithium
WD 98/ 00561
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Detection _of REG mRNA in Normal-appearing Mucosa Around

5 Colorectal Cancers

Existing data suggests that normal - appearing colorectal mucosa surrounding
colorectal cancer is aberrant in its expression of glycoproteins and crypt
architecture. In addition, recent data suggests that expression of growth-
associated genes is significantly up-regulated in macroscopically normal tissue
10 near the advanciné margin of a colorectal cancer. We therefore investigated
the expression of the human REG gene in epithelial tissues sampled from 6,4

and 2 cm proximal to a number of colorectal cancers.

Materials and Methods

Fresh mucosa specimens were obtained and snap frozen direct from surgical
15 specimens at resection of histologically prm.len colorectal cancer. Samples
were obtained 6,4 and 2 cm proximal to the tumour edge, in addition to
tumour edge itself and the proximal resection margin of the surgical
specimen, and stored at -80C. RNA extraction and RT-PCR were carried out
as described above for bone marrow investigations in patients with colorectal

20 cancer.

Results



10 chloride were carried out. The final resuspension was carried
out in 1m of 75% et hanol at 4 C. Follow ng centrifugation at

13, 000G for 5 mnutes, the supernat ant was di scarded and the
container inverted in a vacuum appar at us for 30 mn 1399)91\‘!3

resi dual bead¥08%00561qui d were aspirated fromthe 5 cont'ai ner and’the
RNA pel |l et resuspended in 20[err]l of water, containing 1mmol DTT
and 1 unit per [err]l RNAsin. Reverse Transcription

10[err]l of the solution prepared as aboyge was added to 10[err]l of reverse
transcription m x containing 3nmmol magnesiumchloride, 1 x RT buffer 10
(Promega, Madi s3inturVdur spSéimensrimd stemcly PdSilve Dahfie midicatingr REGOEPNA] | ol i go
DT, 1 unit perV;[Qerr]I RNAsi n, 6Q0 units per 100[err]l MWVRT. Reverse
transcription ieHBowing the P Rireagtion) &7 tumowrsperimansihgd) vshe weal op absedk ni nut e

i od at 95C. ' 1 I ed
gﬁ[ | gnl 3 after %‘sf%‘cf‘g&&%%ﬁ)k’%@w en%rmal rgg(‘?ﬁ% Ca‘%%wgggf ﬁ%ﬁ&%‘s‘? Z(r:'[ : gns
instigated to desefibn dchfnsabbiiaint@REG BDNA, but inSei¥R! esse Blynsh heat

shock protein prinmers and cDNA formation using G3PDH pri ners.
5 association with a REG expressing tumour in the same specimen (Figure 1,
Figure 2).

Examination of the Dukes’ stage of tumours showed a trend towards REG
expression in more advanced Dukes’ C tumours whereas in earlier stage
tumours there was no bias towards REG expression. In terms of gross
10 survival, patients with REG expressing tumours, of all stages, showed a trend
towards poorer cancer-specific survival with 13 out of 31 REG positive
individuals dying from their cancer compared to only 2 out of 17 REG

negative individuals.

Table 1
15 Dukes’s stage reg-positive (n=31) reg-negative (n=17)
A | 4 0
B 5 10
C | 18 4
D 2 1
20 Recurrentfunknown 2 2

Bone Marrow Investigations

Dukes stage Positive bone marrow samples (%)



Primers spanning introns were devised to anplify a 263bp product of REG 20
cDNA (REG wupper dAACATGAATTCGGGCAACC, REG | ower

dGGCACATCCTTCCATTTCT). REG prinmers and tenplate (1[err]l RT reaction
product) in a final volume of 10[err]l were overlaid with m neral oil

and heated t w®eossa1] C for a hot start PCR The reacti on wXETGRIMIRd by
addi ng WO 98/ 00561
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10[err]l of 2 x PCR reaction m x contaiﬁ?ng 10 x Taq buffer (2[err]l),
magnesi um chloride (2mmuol), s (0.2mmol each) and Taq

pol ynerase (2 ynits). Reg,qtions pr(gg,geded in a thermal cycler for
40 cycl es (denaturation 60 seconds [err] C, annealing 60 seconds
55[err] C, exteBsion 60 seconds 72¢rr]C). (88%) PCR products were run on a
2% agar ose gel _containing ethidi umbrom de. Positive results were
found as a ban® on gel el ectropho”@si S corr(éZ%éndi ng to a 263bp

product . | of MRNA | ne Marrow for Patients with
Col or ect al D (1oca§tr?gg§m%g)s Det €r m ned Asrtoggl | ows:

5 (distant metastases)  2/2 (100%)
Survival analysis

Survival analysis was carried out on the two groups, on all disease stages
(Figure 6). Analysis of time to disease recurrence following surgery carried

10 out with an expectation of cure was also carried out (Figure 7).

Normal-appearing mucosa investigations

Ectopic expression of the REG gene was identified in normal-appearing
mucosa 2cm from REG expressing colorectal cancers in 10 of 13 cases.
Expression of REG in both carcinomas and normal appearing tissue 2cm
15 away was significantly more common than in tissue from the proximal

resection margin or 6cm from the tumour edge (Figures 8 and 9).

Summary

These results demonstrate the ectopic expression of human REG in the
majority of colorectal carcinomas. Analysis of normal mucosa samples from
20 each resected specimen has shown four cases of REG expression in normal
mucosa, each time in association with the tumour expressing this product.
Clinical data has shown that patients with tumours expressing this gene are

at significantly higher risk of early disease recurrence and death.



10 17 consenting patients underwent bilateral bone marrow aspiration at
the tinme of resectional surgery of a REG expressing col orectal
cancer. Wil st patients with overt |iver netastases di agnosed
pre-operatively were excluded fromthe study, two ' re
found to havé"%ﬂwpﬁﬂusly undi agnosed netastatic diggéégﬁg@7
operation, and a further patient had inconplete excision of a locally 15

i nvasi ve tunour. Pathol ogi cal staging was avail able on 12 resected

speci nens and classified 1 as Dukes staggqjA, 5 as Dukes stage B and 6 as
Dukes stage C disease. _ Mat eri al s and Met hods Fol | owi ng
the induction oContraiebsrie siatrovd samples bobimiaed ifeorn MpfeenomUersOyLpaddéhts t he
sites of intended, aspiration at the left and rught posterior iliac crests
to avoi WNASEEQIRg | Tesacupnal) abdareinal sutsenn for hemisns sisspses warei albf bone

. . . ctari _ ) i r
o s, | onslil' Y ARP e ShOHLAR. R B RSN o
Ficoll[err] denﬁiﬁnﬁrycﬁmdh'tsf mdithied %cto@i@expressigm inttm"ﬂpﬁ%s\%hgg%l‘%r Vs

collected for further analysis. Follow ng two 0561
PCT/ GB97/ 05739 expression in secondary deposits is likely. The presence of REG mRNA is

therefore taken in this study to be indirect evidence of micrometastatic spread.
Taken in conjunction with the above described results relating REG
expression to prognosis in node-negative colorectal cancer, REG mRNA in
bone marrow may add a further degree of accuracy to prognostication in
10 colorectal cancer. It is also of interest that a high proportion of node-negative
tumours expressing REG presented with REG mRNA present in bone
marrow, supporting the view that REG éxpression may be a biomarker of
aggressive behaviour in these tumours. Histopathological diagnosis of a
‘node-negative’ status may therefore be an unreliable indicator of lack of

15 metastatic disease.

Moreover, our results agree with other investigator's who have shown
occasional aberrant expression of the genes in normal-appearing mucosa up
to 4cm from the advancing edge of a colorectal tumour. This is not likely to
be due to infiltrating carcinoma as other studies have shown minimal
20 microscopic spread of such tumours. The significance of these results in
elucidating the pathogenesis of these tumours is not clear as an area of field
change with REG expression may encourage tumour development, but
equally, the effect of the tumour may induce REG expression in surrounding
tissues. The abnormal expression of REG in tissue so far from the tumour
25 edge has implications for surgical practice where the safety of surgical
resection margins is of paramount importance. Furthermore, the expression

of REG at the margins of surgical resection in these cases indicates aberrant



12 further washes in HBSS, the cell nunber in each sanple was

counted and cytospins were prepared at 10[err] total cells/m, air-
dried and mai ntai ned at -20 Cuntil required. 1x10[err] total cells
of the remai ning sanple were stored at -80 Cuntil required for RNA
anal ysi s. WP 98/0086tmunocyt ochem stry Def rost ed sPCWEBITMATR® fi xed
in 70% et hanol for 10 mnutes prior to i munost ai ni ng using the
strepatavidin-biotin nethod with fast red as chromagen. Non-specific
staining was mnimsed by initial pre-i nlcd.lbati on wi th normal rabbit
serum Excess serumwas renoved and the primary anti- 10 epi t hel i al

nonocl onal ant} P - 1 N .. I 00 .
tenperature. F W%ﬁs{/\'ﬁs ||%8@éth§q:‘ %’ﬁsherogrﬂébgfr sﬁ)gg‘%‘ﬁem c{nB%f(oga%c,nvg r abbi t
anti -nouse bi oinvestigatiens arenjeedat ® swablishphhether e gddwill foinRtinPRfREK) -

Fol | owi ng further shing and brjef .incubation with Tris buffer, alkaline
phosphat ase coﬂﬁetﬁ‘;% cSKREESSIOn: aYithe rsitga of aerlenict anasgumesis (predispddesk aoUK) . 15

After further X\%?:m’c Je@lﬁ-}'ex{gd sol ution containing | evani sol e (Dako UK)
ed to each Sl de

was add " for 20 minutes. Follow ng i mersion in
distilled water, slides were counterstained with Mayers haemat oxylin
and exam ned under | ight m croscopy. Control positive slides were

i ncl uded Bn eaPANCREATIE CANCERs| i des stained and for each pair of slides
stained a further slide was subjected 20 to the above protocol in the

absence of a prinmary antibody to control for non- specific

background st aDgetetfion 6f REG S i v '

consul tant cytopat hol ogi st
cancer

Materials and Methods

Bone marrow was aspirated from two sites in 15 consenting patients
10 undergoing general anaesthesia with a diagnosis of pancreatic cancer based
upon either cross sectional imaging using CT or MRI, or atypical cells
obtained by brushing at ERCP or fine needle aspiration cytology. In addition,
bone marrow was obtained from three patients with benign pancreatic

pathology undergoing anaesthesia.

' 15 Bone Marrow Samples Were Processed As Previously Described for. Bone
Marrow Samples in Patients with Colorectal Cancer

Results

Immunocytochemistry was carried out on duplicate slides from 15 patients
with histologically proven adenocarcinoma of the pancreas (10) and
20 duodenum (2) and from a control group of four patients with benign

pancreatic disease. In patients with proven carcinoma of the pancreatic head



RNA Extraction Cell sanples were suspended in 1m of Catrinox[err]
cationic surfactant ' WO 98/ 00561
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solution on renoval from-80 C storage. The solution was centrifuged for 5

mnutes at 1009928956y ng a detergent-bound RNA pellet. The X3P 3t

was di scarded, the RNA pellet resuspended in 1m of 2MLiCl, and .
centrifuged at 13 OO0y for 5 minutes. A total of five cycles of washing and
5 centrifugation in 2MLiC were carriegl out, followed by a final wash
W th 70% et hanol at 4[err]C. Followi ng centrifugation at 13 000g
for 5 minutes tioe ampulla, eumemol cellss siesearddadtedndint hdope! Ingdrralv i agy i N

vacuum dryi ng appar at us for nutes. The RNA pell et was
resuspended in 2 FY °89°%%rmc8ﬁ?a?ﬂ1lﬁgcim and one efi twpoduedshalol and

1UTerr]l RNASI RafchidphRIRad BOME MARBWP Ricrometastases. None of the four control

cases had positively staining cells present.

5 Bone marrow from patients with pancreatic and ampullary tumours contained
REG mRNA in 3 of 10 cases. This RT-PCR-positive group included the
patient with positive marrow demonstrated by immunocytochemistry. The
implication is that RT-PCR may well be more sensitive for the detection of
micrometastases than microscopy-based techniques alone. No REG mRNA

10 was present in the marrow of either patient with duodenal carcinoma or any

of the non-malignant control cases.

Summary

The poor overall prognosis of pancreatic cancer is partially due to the
frequently late presentation of the disease and hence advanced stage at the
15 time when surgery is considered. Our group of pancreatic cancer patients
consists solely of those patients with cross sectional imaging results
suggesting that tumour resection might be possible, and this may explain why
the rate of micrometastases detected by immunocytochemistry is somewhat
lower than reported elsewhere . The presence of micrometastases (detected
20 by histology) in the bone marrow of one of the cases of duodenal carcinoma
was associated with an advanced tumour that required operative intervention
for gastric outlet obstruction. This suggests that duodenal cancers may not
usually express REG mRNA. Expression of REG mRNA in the bone
marrow of the patient with positive marrow by immunocytochemistry, plus

25 in two further cases suggests that REG RT-PCR may be a more sensitive



10 RT- PCR RNA (10[err]|) was reverse transcribed in a 20[err]l

reaction using 120U MMLV- RT (Pronmega) O0.5[err]g oligo (dT), 1nM
each dNTP 20U RNAsin , in 1X reverse transcription buffer with 3nM
MyCl [err], at 42 C for 1 hour foll owed by a five mnute heat

i nactivati orW@8808& at 95[err]C. All cDNA sanples 1 5 REFETRREALT3D
anplification using priners for a constitutively expressed gene

(gl ycer al dehyde- 3- phosphat e dehydrogenase), to confirm RNA extraction and
reverse transcription. Intron-spanning gyinmers were devised to anplify a

263 base pair product of reg cDNA (Accession nunber Genbank/ EMBL
J05412) metHod gofUtectioh OCAREIAA eatiesidlisaiSbonéOBarrow. 2726,
exon 20 4; reg | ower dGGCACATCCTTCCATTT positions 3880 .... 3862,
exon pihan prmMKNOSYoEhetisild t enpl at e (1 mcrolitre of RT reaction
product) in a final vol une of 10 [err]] were overlaid with m neral
oil and heated to 95[err] C for "hot start' PCR The reaction was
initiated by Deteceigfidf REG)inRNA[Rf thttﬂfeaFWasmEﬁs Frohe PatieR mﬂi to give
Taqg pol ynerase (1U) ), eac armacl a buf f er
(Pronega) andgmsgagq_ammvp. React i ons proceeded in a thermal

cycler for 40 cycles (denaturation 60s 95 err]C, annealing

5 REG is constitutively expressed by the acinar cells, and in some malignant
tumours of the ductal epithelium of the pancreas. The majority of pancreatic
carcinomas arise from the ductal epithelium. We investigated the expression
of REG mRNA from cells obtained from the peritoneal cavity at the time of
surgery for apparently localised pancreatic carcinoma. REG mRNA was

10 identified by RT-PCR, as previously described, in 40% of these cases.
Potential applications of peritoneal disease status in pancreatic cancer revolve
around the ability of viable tumour cells in the peritoneal cavity to predict
early relapse following potentially curative surgéry. The advantages of such
prediction in pancreatic cancer would accrue from better targeting of an

15 aggressive surgical approach. This may potentially reduce the number of
aggressive procedures carried out on patients with a poor prognosis and
limited survival potential following diagnosis in whom a palliative approach
would be more appropriate. Additionally it may identify the cohort of
patients in whom the investment of time and resources by both patient and

20 surgeon in attempting cure would be fully justified.
PROSTATE CANCER
Detection of REG mRNA in Prostate Carcinoma

Materials and Methods
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55[err] C, extension 60s 72[err]C). PCR products were el ectrophoresed
agar ose gel
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at -80 for subsequent RNA analysis. RNA was extracted and RT-PCR was

carried out as previously described.

Results

3 of 10 samples expressed REG mRNA. The same size PCR product was
obtained from prostate samples as had been obtained from colorectal cancer
tissue and normal gastric mucosa. (Figure 10). Pathological examination by
histological examination confirmed that these 3 of the 10 specimens did

indeed contain malignant tissue.
Summary

Prostate cancer is a notoriously heterogeneous disease, with the majority of
tumours being small and multifocal. Sampling error may therefore influence
results based upon biopsy specimens leading to false negative results. The
expression of the proliferation-associated gene REG in prostate cancer may
be associated with the process of oncogenesis in this organ. Most intriguing
is the clinical entity of benign prostatic hypertrophy (BPH), a very common
condition in men, some of whom go on to develop invasive carcinoma of the
prostate. REG expression could be used as a potential biomarker of

malignant potential in BPH.

ULCERATIVE COLITIS

om 6, 4
| s and



Fresh mucosa speci nens were obtai ned and snap frozen direct from surgical

.15 speci nens at resection of histologically proven col orectal cancer.
Sanpl es were obtained 6,4 and 2 cm proximal to the tunmour edge, in
addition to tumour edge itself and the proximal resection margin of
t he surgi cal wo98#0s6ispeci men, and stored at -80C. RNA extr ZCT/GBA7/MAM® RT- PCR
were carried out as descri bed above for bone marrow i nvestigations
in patients with col orectal 20 cancer. Resul ts WO
98/ 00561 2 PCT/ GB97/ 01739
15 31 tunpur specinmens had jstrong% y positive bands indicating REG
CcDNA f o Defittiofl JfIEEGGRRNGG G |AQfive hand! Eert OlEbTRVe kY cry weak
or absent ands. I n four cases appare nples from
sur gi cal resecti on speci mens contai ned REG cDNA, but in each case
only in 5 sgociation wiith a xpressi ng tunmour_ in the same speci nen
(Fi éur e 1 of pkcﬁmnéfezyo.hns ancﬁE&-oﬁn’g flsease gof the colon are known to g

predispose to carcinoma, and over-expression of human intestinal growth
factors is known to be a feature of active inflammatory bowel disease. Rat
5 models have shown increased expression of growth factors in inflammatory
bowel disease models. Furthermore, expression of REG is locally induced
in enterochromaffin-like cells in the gastric mucosa following the induction
of stress ulcers. We have examined samples of mucosa obtained at
colonoscopic biopsy from patients with inflammatory bowel disease in both
10 the active and quiescent phases’ of their diseases to establish the pattern of
REG expression in these inflammatory ulcerative conditions.
Materials and methods
Endoscopically obtained mucosal biopsies were snap frozen and stored ar -
80C until analysis from X patients with active inflammatory bowel disease.
15 In all 16 patients, further endoscopic biopsies were obtained on later

occasions at which time the naked eye appearance of the mucosa, as being
either actively inflamed or in remission, was noted. Subsequent .RNA

extraction and RT-PCR was carried out as described above.

Results

20 11 of the 16 patients were REG positive by RT-PCR (Figure 6) only 3 of

these remained positive in apparently quiescent disease.

Summary



Exam nati on of the Dukes' stage of tunmours showed a trend towards REG
expression in nore advanced Dukes' C tunours whereas in earlier stage
tumours there was no bias towards REG expression. In ternms of gross 10
survival, patients with REG expressing tunours, of all stages, showed a

trend ONEBOESS1 poor er cancer - speci fic survival with 13CEHEBYMNT ReG
positive I ndi viduals dying fromtheir cancer conpared to only 2 out
of 17 REG negative individuals. - Table 1 15 Dukes' s

st age reg-positive (n=31) §£9-negative (n= 17)

A 4 0 B

5 The active phdkes of both Crohn§& disease and ulcerative colitis 1%

4 D 2 196

Recur r ent / unknowharacterised by regeneration in colonmic epithelium iBocenjirotionvwrith
| nvestigations ulceration anE)"I ul{\tfa?m%gt?&f The expreslzz?osni étl %ﬁG%%Seearg?J trw? mlfe%r;gl es (%

active disease status. Further work is ongoing to characterise REG expression

5 in active inflammatory bowel disease. It is of interest that the risk of

developing colorectal cancer is significantly increased in cases of IBD where

inflammation is long-standing and widespread.
Conclusion

Our results have shown that REG gene expression is a common feature
10 among colorectal carcinomas but it is a far less frequent feature of normal
colonic mucosa, and then only in association with a local tumour. The
presence of REG gene expression in association with REG expressing
tumours raises the possibility of a field change surrounding the neoplasm.
These results strongly support the use of REG gene expression as a means of
15 identifying patients at the time of surgery who are at high risk of disease
relapse.- Such a feature may be used to select patients for the administration
of adjuvant chemotherapy. In addition, REG expression status needs to be a
strong predictor of clinical outcome such as this must be taken into account
when planning and interpreting studies conceming the efficacy of adjuvant
20 chemotherapy. Forthwith REG status should be established before accepting
the similarity of two arms of randomised chemotherapy trials if bias is not to

be introduced.

REG gene expression is also a common. features of other cancers such as
pancreatic cancer where, again, the accurate prediction of post-operative

25 outcome is a worth while end and the place of immunocytochemistry in
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16 A 0/1 (0% B

4/ 5 (80% C 1/ 6 (179%

D (local ly advanced) 0/1 (0% 5 (di stant netastases) 2/2
(1009 wo os/@ssvi val anal ysi s Survival anal ySEG/GRIOVA? (| ed
out on the two groups, on all disease stages (Figure 6). Analysis of
time to disease recurrence follow ng surgery carried 10 out with an
expectation of cure was also carried ou£4(Fi gure 7).

Nor mal - appeari ng nmucosa i nvestigations Ect opi ¢ expression of the

REG gene was i dgihd T iRd hik "S¥el®ldeioRS@tbd%in numerous tumours of the
gastrointestinal tract. Increases in sensitivity using methodology such as RT-

PCR offer the possibility of further identifying those patients most at risk of
treatment failure, identification of which will have important implications in

5 the evaluation and implementation for adjuvant therapy for pancreatic cancer.
This is also true of prostrate cancer where REG expression can be used as a

marker for malignant tissue. Additionally, REG expression can also be used

to predict a tendency towards the development of malignancy in diseased
conditions, such as ulcerative colitis, which are known to progress in this

10 manner. In conclusion, the assay of REG gene expression may be of general
utility in assessing prognosis in cancer patients at presentation and in guiding

the choice of aggressive or less potentially toxic treatrent modalities.
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Control bone mar,row | es_opt a ned froml.arge nunbe of, patients
under goi ng resedt i on%“%ﬁﬂoﬁsﬁm o identifying the %@ﬁ%‘ﬁ’ ‘?{%@'SQB“\H@PED‘B!CFS
of the pancreatic protein lithostaphine (REG) gene, so as to determine a

tendency to develop cancer or the aggressive nature of an existing cancer,

5 comprising; means for detecting said product or products.

2. An assay system according to Claim 1 wherein said means involves
material suitable for extracting mRNA encoded by said gene from a sample

solution or tissue.

3. An assay system according to Claim 2 wherein said means further
10 includes material suitable for performing reverse transcription of said mRNA.
4, An assay system according to Claims 1, 2 or 3 wherein said means

further includes primers devised to amplify a selected part of said REG gene.

5. An assay system according to Claim 4 wherein said primers are

adapted to hybridise with at least an intron part of said gene.

15 6. An assay system according to Claim 5 wherein said primers are

adapted to amplify between exon 4 and exon 6 of said gene.

7. An assay system according to Claim 1 wherein said means comprises

antibodies adapted to bind to at least a part of a REG gene product.

8. - An assay system according to Claim 7 wherein said antibodies are

20 monoclonal.
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'node- negative' status may therefore be an unreliable indicator of |ack of
15 net astati c di sease. Moreover, our results agree with other

i nvestigator's o] . Occgsional, abherrant expression of the
genes in nor mf%ppﬁ?&ﬁg%saﬁcﬂsmg tJéla"-’ﬁrﬁégc?ﬁbf?”bﬁﬁth%“ athediesg edge
of a col or ect amay beprovidéd iwith suitable 1abéS liry ofder that the bRfITISE fathd f3fd! trating
carci noma as ot her studies have shown m nimal 20 m cr oscopl ¢ spread of
such tunodrs. Ieast onedREGigene product mayshe desemined.i n el uci dating the
pat hogenesis of these tunmours is not clear as an area of field

change with REG expressi on may encourage tunour devel opnment, but

equal ly, the effecta FORA i ' | N.SWUr roundi ng
ti ssues. The abnornalcgcgicgrﬁleg;gi on %lga%éG&gﬁl sgue sgf@§}Wo%‘Fﬁe" unour 25
edge has i npl i hatapeutic ¢mmpsisingsi cal practice where the safety of surgical -
resection margins is of paramount inportance. Furthernore, the expression
of REG at the margins of surgical resection in these cases indicates

aber r ant a) examining cancer tissue and/or fluid associated with same from

) prognosi s in

an individual who may take part in said screening in order to
10 determine whether REG gene is transcribed and/or translated;

and

b) depending upon the results of a) above including or excluding
said individual from trials to investigate the efficacy of said

- therapeutic.

15 12. - The use of a REG gene product for the determination of a tendency

towards a cancerous condition or the aggressive nature of cancer tissue.

13. A method for determining a tendency towards a cancerous condition
or the aggressive nature of cancer tissue comprising examining, respectively,
tissue or associated fluid, likely to become cancerous, or said cancer tissue
20 andfor fluid associated with same to identify a product of REG gene

transcription andjor translation.
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PANCREATI C CANCER Det ecti on O REG THRNA—TFF—H ~ne marrow from
‘patients with pancreatic cancer Mat eri al s and Met hods

Bone marrow was aspirated fromtwo sites 2n 15 consenting patients 1 0

under goi ng general anaesthesia with a diagnosis of pancreatic cancer based
14. A kit for use in the methods of any proceeding claim which kit
comprises at least one nucleic acid probe andfor primer and instructions for

the use.



upon either cross sectional imaging using CT or MR, or atypical cells
obt ai ned by brushing at ERCP or fine needle aspiration cytology. In

addi tion, bone marrow was obtained fromthree patients with benign
pancreatic hol ogy under goi ng anaesthesia. 15 ow
Sampl es Were PW&’@@@%H As Previously Described for Bone PE?%%%{/’\/
Sanples in Patients with Col orectal Cancer Results

| mmunocyt ochem stry was carried out on duplicate slides from 15 patients
wi th histologically proven adenocarci noma of the pancreas (10) and 20
duodenum (2) and froma control group of four patients with benign
pancreatic disease. In patients with proven carcinonma of the pancreatic
head WD 98/ 00561

PCT/ GB97/ 01739 19 or
anpul l a, tunmour cells were detected in bone marrow by

Figure 1

In 31 tumours reg mRNA was strongly expressed

17 tumours showed no  reg expression

Dukes's stage
reg-positive (n=31) reg negative (n=17)

Dukes’ A 4 0

Dukes’ B 5 10

Dukes’ C 18 4

Dukes’ D 2 l
Unknown/Recurrent 2 2

1/11

SUBSTITUTE SHEET (RULE 26)



i mmunocytochem stry in one of 10 cases, and one of two duodenal

carci nomas had bone marrow nicronetastases. None of the four control

cases had positively staining cells present. 5 Bone marrow from
patients with pancreatic and anpullary tunours contai ned REG nmRNA
in 3 of 10 cas&®O9%MI56! RT- PCR-positive group included the PCT/GBYIRMAT38 Nt
Wi th positive marrow denonstrated by i munocytochem stry. The

inplication is that RT-PCR nay well be nore sensitive for the detection of
m cronmet ast ases than m croscopy-based techni ques al one. No REG nRNA 10

was present in the marrow of either patient wi th duodenal carcinoma or any
of the non-nmalignant control cases. Summary The poor
overall prognosis of pancreatic cancer is partially due to the

frequently | ate presentation of the di sease and hence advanced stage at the
15 time when surgery is considered. Qur group of pancreatic cancer
patients consists solely of those patients with cross sectional

i mging results suggesting that tunmour resection m ght be possible,
and this may explain why the rate of mcronetastases detected by

i mmunocyt ochem stry i s sonewhat | ower than reported el sewhere . The
presence of m cronetastases (detected 20 by histology) in the bone
marrow of one of the cases of duodenal carcinoma was associated with
an advanced tunmour that required opwwei%e intervention for gastric
outl et obstruction. This suggests that duodenal cancers nmay not

usual |y express REG nRNA. Expression of REG nRNA in the bone mar r ow
of the patient with positive marrow by i nmmununocytochem stry, plus

Patients undergoing potentially curative surgery for reg positive tumours are at
increased risk of developing disease recurrence within two years.

reg-positive tumours reg-negative wmours

Tumour recurrence 13729 1/16

p<0.05 Logrank test
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25 in two further cases suggests that REG RT-PCR may be a nore sensitive
WD 98/ 00561 '

PCT/ GB97/ 01739 20

met hod of detection of small nunbers of pancreatic cells in bone marrow
t han i mMmunocyt oWOS8i0es6t v Det ection of REG nmRNA i n PECTIGBATALT39
Washi ngs From Patients with Pancreati c Cancer 5 REG i s

constitutively expressed by the acinar cells, and in some nalignant

tumours of the ductal epitheliumof the pancreas. The majority of
pancreatic carcinomas arise fromthe ductal epithelium W

i nvestigated the expression of REG nRNA fromcells obtained fromthe
peritoneal cavity at the tine of surgery for apparently |ocalised
pancreatic carci noma. REG nRNA was 10 identified by RT-PCR, as
previously described, in 40% of these cases. Potential applications
of peritoneal disease status in pancreatic cancer revolve around t he
ability of viable tunour cells ingifigeperitoneal cavity to predict

Cancer recurrence
Dukes' stage A-C
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& REG status
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2- 1 -:~ positive n=29
8 0.0 . L negative n=16
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Time to relapse / months
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early relapse follow ng potentially curative surgery. The advantages of

such prediction in pancreatic cancer would accrue from better
targeting of an 1 5 aggressi ve surgical approach. This may potentially
reduce t he nunber of aggressive procedures carried out _on patients
with a poor pr¥§7899561 ong limted survival potentiaIPprpﬁaFﬁﬁ

di agnosis in whom a palliative approach woul d be nore appropri ate.
Additionally it may identify the cohort of patients in whomthe
investnent of tine and resources by both patient and 20 surgeon in
attenpting cure would be fully justified. PROSTATE CANCER
Detection of REG nRNA in Prostate Carci noma Mat eri al s and Met hods
WD 98/ 00561

PCT/ GB97/ 01739 21

Sanpl es of malignant prostate tissue were obtained from 10 patients

Figure 4

Patients with reg expressing tumours undergoing potentially curative surgery showed a
significantly increased incidence of cancer related death over the two year follow up
petiod

reg-positive tumours reg-negative tumours

Cancer related deaths 11729 1/16

p<0.05 Logrank test
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undergoi ng trans-rectal ultrasound-gui ded biopsy of the prostate in an

at t enpt to identify patients with previously undi agnosed prostrate
cancer, and stored at -80 for subsequent RNA anal ysis. RNA was
extracted and RT-PCR was 5 carried out as previously described.

Resul t s WOB08361 10 sanpl es expressed REG mRNA. The safETEBIMEER
product was obt ai ned from prostate sanples as had been obtained from
col orectal cancer ti ssue and normal gastric nucosa. (Figure 10).

Pat hol ogi cal exam nation by 10 hi st ol ogi cal exam nati on confirned that
these 3 of the 10 specinens did i ndeed contain malignant tissue.
Summary Prostate cancer is a notoriously heterogeneous di sease,
with the majority of tumours being small and nmultifocal. Sanpling
error.may therefore influence 5  results based upon bi opsy speci nens

| eading to fal se negative results. The expression of the
proliferation-associ ated gene REG in prostate cancer may be
associrated with the process of oncogenesis in this organ. Mst intriguing
is the clinical entity of benign prostatic hypertrophy (BPH), a very conmon
condition in men, some of whom go orfif¥r&ddvel op i nvasive carcinoma of the
20 prostate. REG expression could be used as a potential bionmarker of
mal i gnant potential in BPH

Cancer-specific survival
All stages

(W D —

Tumour REG

e e

RE . positive n=31

Cumulative Survival
I~

0 — , . negative n=17

-

0 10 20 30

Survival/months
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ULCERATI VE COLITI S _ WO 98/ 00561

PCT/ GB97/ 01739 22

Det ection of REG nRNA in Active and Quiescent Ucerative Colitis

Both ulcerative colitis and Crohn's di sease of the colon are known to
predi spose to cWa98/08%6h, and over-expression of human intesti FROT/GRIFORTPY
factors is known to be a feature of active inflammtory bowel disease. Rat

5 nodel s have shown increased expression of growmh factors in

i nfl ammat ory bowel disease nodels. Furthernore, expression of REGis
| ocal 'y i nduced in enterochromaffin-like cells in the gastric nucosa
follow ng the induction of stress ulcers. W have exam ned sanpl es
of nmucosa obt ai ned at col onoscopi ¢ biopsy frompatients with

i nfl anmat ory bowel disease in both 1 0 the active and qui escent phases
of their diseases to establish thlmgma 6ern of REG expression in

these inflammatory ul cerative conditions.

Disease specific survival - all stages

.07 - ,
l
|
9 !
S e Gy
4 I
8 |
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7. ' > >—s
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[ ]
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[ .29
= Bone marrow REG
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= .14 ..
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Mat eri al s and net hods Endoscopi cal | y obt ai ned nucosal biopsies

were snap frozen and stored at - 80C until analysis from X patients
with active inflammtory bowel disease. 1 5 In all 16 patients, further
endoscopi ¢ bi opsies were obtained on | ater occasi on ? ﬁg% time
t he naked eye wops#s@dnce of the nucosa, as being eit ctively
inflamed or in rem ssion, was noted. Subsequent RNA extraction and
RT- PCR was carried out as described above. Results 20 11 of
the 16 patients were REG positive by RT-PCR (Figure 6) only 3 of

these remained positive in apparently qui escent disease. Sunmary
WD 98/ 00561

PCT/ GB97/ 01739

Figure 7

Disease-free survival after curative surgery
1.0- — —

91

8 *—0—0—0—-9

Bone marrow REG

-1 * positive n=5

Disease-free survival

0.0 . , ° negativen=9
0 10 20

months
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23 The active phases of both Crohns disease and ulcerative colitis

are characterised by regeneration in colonic epitheliumin
conjunction with ul ceration and inflanmati on. The expressi on of REG
appears to be linked to active di sease status. Furtﬂ§#%¥Hb§n%s
ongoi ng to chawaesséise REG expression 5 in active infla ory bowel
disease. It is of interest that the risk of devel opi ng col orectal
cancer is significantly increased in cases of |BD where i nfl anmati on
i s long-standi ng and w despr ead. Concl usi on Qur results
have shown that REG gene expression is a common feature 10 anong

colorectal carcinomas but it is a far |less frequent feature of nornal

col oni ¢ nucosa, and then only in association with a |local tunour. The
presence of REG gene expression in association with REG expressing

tumours raises the possibility of a field change surroundi ng the neopl asm
These results strongly support the use of_ REG gene expression as a neans of
15 . identifying patients at the Fiemgeo surgery who are at high risk of
di sease rel apse. Such a feature may be used to select patients for

t he adm nistration of adjuvant chenotherapy. In addition, REG
expression status needs to be a strong predictor of clinical outcone
such as this nust be taken into account when pl anni ng and
interpreting studies concerning the efficacy of adjuvant 20
chenot herapy. Forthw th REG status should be established before accepting

the simlarity of two arns of random sed chenotherapy trials if bias is not
to be i ntroduced. )
ca 2 4 6 proximal
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REG gene expression is also a cormon. features of other cancers such as
pancreati c cancer where, again, the accurate prediction of post-operative

25 outcone is a worth while end and the place of inmunocytochem stry in
WD 98/ 00561
PCT/ GB97/ 01739 WO 98/00561 PET/GBIT/01739

refining this has been denonstrated in nunmerous tunours of the
gastrointestinal tract. Increases in sensitivity using nmethodol ogy such as

RT- PCR of fer the possibility of further identifying those patients
nost at risk of treatnment failure, identification of which will have
inportant inplications in 5 the evaluation and inplenentation for

adj uvant therapy for pancreatic cancer. This is also true of
prostrate cancer where REG expression can be used as a mar ker for
mal i gnant tissue. Additionally, REG expression can also be used to

predict a tendency towards the devel opnment of malignancy in diseased
conditions, such as ulcerative colitis, which are known to progress in this

10 manner. | n conclusion, the assay of REG gene expression may be of
gener al utility in assessing prid8#¥8sfs in cancer patients at
presentation and in guiding the choi ce of aggressive or |ess

potentially toxic treatnent nodalities.

carcinoma 2cm 4cm  6cm  margin

reg
expressing 13* 12%* 7 4 4
samples
57%) (52%) (30%) (17%) (17%)

*p=0.02 carcinoma vs distal margin and 6cm (chi square with Yates correction)
**n=0.03 2Zcm vs distal margin and 6cm (chi square with Yates correction)
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CLAIMS 1. A _nmethqd for determning a tendency to devel op cancer or

determ ning the EH@F%§ i ve nature of an existing cancer in an individual
conprising, detecting a product or products of the human REG gene in a

sanpl e from $RRGehAHbNRdUAl . 2
the product of the human REG gene

Lane 1 Patient 1 Negative
Lane 2 Patient 2 Negative
Lane 3 Patient 3 Negative
tane 4 Patient 4 Negative
Lane5  Patient5 Positive
Lane 6 Patient 6 Negative
Lane 7 Patient 7 Positive
Lane 8 Patient 8 Negative
Lane 9 Patient 9 Positive

Lane 10 Patient 10 Negative
Lane 11 Neg Control Negative
Lane 12 Pos Control Strong positive

PCR REACTION 1

Lane 1 Patient 4 Negative
Lane2 Patient 2 Negative
Lane 3 Patient 3 Negative
Lane 4 Patient 4 Negative
Lane 5 Patient & Negative
Lane 3 Patient § Negative
Lane 7 Patient 7 Positive

Lane 3 Patient 3 Negative

Lane 9 Patient 9 Positive
Lane 10  Patient 10 Negative
Lane 11 Meg Control Negative
Lane 12 Pos CTontrol 'Weak positive
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i s REG nRNA. 3. A nmet hod according to Clains 1 or 2 which involves the

use of priners to anplify a selected part of said REG gene. 4, A

met hod according to Caim3 wherein said priners are adapted to hybridi se
with at least an intron part of said gene. 5. A et hod,accardi-Rg to

Cl ai m 4 wher eiWO§0%61yr i mrers are adapted to anplify between éxon and exon
6 of said gene. 6. A nmethod according to daim1 wherein REG gene
product is determ ned by binding of antibodies to at |east a part of a REG
gene product. 7. A met hod according to Claim6 wherein said anti bodies
are nonocl onal . 8. A nmethod according to Claim6 or 7 wherein further
anti bodies are used in order to anplify the signal provided by the
reaction. 9. A nmet hod according to Clains 6, 7 or 8 wherein said

anti bodi es may be provided with suitable |abels in order that the binding
of sane to at | east one REG gene product may be determ ned.

Figure 11
Active disease Remission
l
2 REG expression in mucosal biopsies
3 in active and quiescent
4 inflammatory bowel disease
5
6
7
patient 8
9
10
11
12
13
14 REG mRNA detected
15 [J REG mRNA not detected
16
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10. * A, screening for determning the effi] f Feete
t het apeuti c conpri Biﬂg m “] 'UM'I/UI ll ‘ m?g L mmMcer
ti ssue and/or fl uids s sang€-from an I ndi i qual

who may take part in said screening in order to det IHQTDECWg
whet her REG gene is transcribed and/ %LMﬁESl ated; an ) ?
dependi ng upon the results of a) abo ' udi ng or [excTudTrTg—Sare—
i ndividual fromtrials to investigate the efficacy sai d therapeut|¢.
11. The use of a REG gene product for the determ nation of a tTendency
towards a cadncer dumethoddor detgrmining pdendgngyce develop eangerorsletermining thei jss:Je_.
12. Use of . ' -Di_omays k i gnant .potential in
baoni g or oo PEEESITENEE 08 b BALAKE Aodt iff R T ilal Yoo WldoiB'

product or products of the human REG gene in a sample from said individual.

Q

2. A method according to Claim 1 wherein the product of the human REG gene
is REG mRNA.

3. A method according to Claims 1 or 2 which involves the use of primers to

amplify a selected part of said REG gene.

4, A method according to Claim 3 wherein said primers are adapted to hybridise

with at least an intron part of said gene.

5. A method according to Claim 4 wherein said primers are adapted to amplify

between exon 4 and exon 6 of said gene.

6. A method according to Claim 1 wherein REG gene product is determined by

. binding of antibodies to at least a part of a REG gene product.
7. A method according to Claim 6 wherein said antibodies are monoclonal.
8. A method according to Claim 6 or 7 wherein further antibodies are used in

order to amplify the signal provided by the reaction.

9. A method according to Claims 6, 7 or 8 wherein said antibodies may be
provided with suitable labels in order that the binding of same to at least one REG

| gene product may be determined.

10. A screening procedure for determining the efﬁéacy of a selected therapeutic

comprising:



o o
13. - Bse of REG g predi ct a t,endencvaEl‘é '#I SIMW
I n-i ndividual s su;fﬂ ﬂgﬂii@}lﬁj g tiv 6goli.icis. 14. Use of REG ge
expression for pre |*c lengLp atlv utcome.  1p.| OCATDERN999f or
determining a tendency towards a cancerous condition pr|jthe aggressiVe

nature of cancer i SSUsLGORE LSOOG SN ia SERERHWIT B d bR YE O

associ ated fl uid, I i ke €come cancer ous / or

fluid associated with méwhidabwhﬁlﬁﬁyltzilge partin esldGtreeingrordeno defepmifiier | ption
and/ or translation. A et hod for gr edicting the |ikelihood of
i

mi cronetastatic spread”hﬂhﬁ%gﬂelém ed anior tAnplgtedeanset i ng the
presence of REG nRNA in primary tunour tissue. 17. A kit for use in a
met hod according to any of clainms 1 - 10, 15 or 16, which kit conprises at
| east one nucl ei th)aci diepemding apsh the ra3ultsref a)abevd ih&hﬂﬂ@dr@ﬂélu&ﬁg saige use.
18. A kit for use in a met hod according to any of clains 10, 15 or
16, which kit conpri sd8diyi mb&gmtaﬂéttawwpmgcthmtfmmqf@mmmpm the use.

'+=

11.  The use of a REG gene product for the determination of a tendency towards a

cancerous condition or the aggressive nature or cancer tissue.

12.  Use of REG gene expression as a biomarker of malignant potential in benign
prostatic hypertrophy.

13. Use of REG gene expression to predict a tendency towards malignancy in

individuals suffering from ulcerative colitis.
14.  Use of REG gene expression for predicting post operative outcome.

15. A method for determining a tendency towards a cancerous condition or the
. aggressive nature of cancer tissue comprising examining, respectively, tissue or
; associated fluid, likely to become cancerous, or said cancer tissue and/or fluid
associated with same to identify a product of REG gene transcription and/or

translation.

16. A method for predicting the likelihood of micrometastatic spread in a cancer
patient comprising detecting the presence of REG mRNA in primary tumour tissue.

17. AKkit for use in a method according to any of claims 1 - 10, 15 or 16, which kit

comprises at least one nucleic acid probe and/or primer and instructions for the use.

18. A kit for use in a method according to any of ciaims 1-10, 15 or 16, which kit

comprises at least one antibody and instructions for the use.



PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureay

Bosz95-&
TF2S

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

(11) International Publication Number:

WO 9800561

Al
C12Q 1/68, CO7K 16/30, GOIN 33/53 (43) International Publication Date: 8 January 1998 (08.01.98)
(21) International Application Number: PCT/GB97/01739 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DR, DK, EE, ES, FI, GB, GE,
(22) International Flllng Date: 30 June 1997 (30.06.97) GH, HU, IL, I8, JP, KE, KG, KP- KRv sz wr LKv LR,
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ,
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TS, T™, TR,
(30) Pl'lorlly Data: Tr- UA: UG. Us- Uz| VN' YUv W [} ARIPO Pﬂem (GHl
9613629.6 28 June 1996 (28.06.96) GB KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,

(71) Applicant (for all designated States except US): ZENECA
LIMITED {GB/GB}; 15 Stanhope Gate, London W1Y 6LN
(GB). '

(72) Inventors; and

(75) Inventors/Applicants (for US only): MARKHAM, Alexan-
der, Fred (GB/GB]; West Riding Medical Research Trust,
Molecular Medicine Unit, Clinical Sciences Building, St
James's University Hospital, Leeds LS2 9JT\(GB). GUIL;
LOU, Pierre, John [GB/GB]; West Riding Medical Research
Frust, Molecular Medicine Unit, Clinical Sciences Building,
St. JTames's University Hospital, Leeds LS9 7TF (GB).

(74) Agent: ZENECA PHARMACEUTICALS; Intellcctual Prop-
erty Dept., Mereside, Alderley Park, Macclesfield, Cheshire
SK10 4TG (GB).

Published
With international search reporf.
Before the expiration of the time Limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: REG GENE EXPRESSION IN CANCER TISSUE
(57) Abstract

The invention relates to 3 marker for determining the tendency towards a cancerous condition and/or the aggressive nature of
cancer tissue with a view to determining a prognosis and suitable course of action/treatment. More specifically, the inveation concems an
investigation for products of the (REG) gene, l.¢. the pancreatic protein lithostathine (REG) gene. .




