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INTRODUCTION

Oncogene mutations are found with varying frequency among several
tumor types and sometimes play an important role in their development
(5,2). The identification of these mutations could be very important for the
early detection of several cancers (4, 21). Normally, this is done by inves-
tigating biopsy specimens which sometimes entails surgery or at least an in-
vasive test. An easily accessible human material is blood plasma in which in-
creased levels of DNA have been found in patients suffering from various
malignant diseases (12, 16). The suggestion that an increased amount of
DNA might originate from tumor cells was supported by the finding that
some biophysical characteristics of cancer cell DNA (3) were also detected
in the DNA extracted from the plasma of cancer patients (17). We have
therefore investigated the possibility of finding activated oncogenes in the
plasma of cancer patients which could be useful for the diagnosis and
monitoring of various kind of malignancies. Among the different modifica-
tions observed in oncogenes, point mutations of the ras genes are particular-
ly significant. For instance, up to 50% of the colon adenocarcinoma tumors
harbor a mutation in the ras genes, most of them taking place in codon 12 of
K-ras (6, 9). These mutations usually occur during the transition from
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adenoma I to adenoma II, before loss or mutation of the p53 gene (11), that
is, relatively early in the evolution of the tumor. For this reason we have
screened the blood plasma DNA in search of mutations in codon 12 of the K-
ras gene among 15 patients with intestinal cancer (I3 undergoing ablative
surgery shortly after blood collection).

MATERIALS AND METHODS

Materials. Concanavalin A-Sepharose (Pharmacia Biotech AG, Diiben-
dorf, Switzerland). PCR Thermal Cycler 480 and Taq | polymerase (Perkin
Elmer Cetus, Kuesnacht, Switzerland). Oligonucleotide primers and probes
(Oncogene Science, Uniondale, N.Y.). Mutation-specific oligonucleotides
(Microsynth, Windisch, Switzerland). Polyacrylamide (Fluka, Buchs, Swit-
zerland). Zeta probe membranes (Bio-Rad, Hercules, CA). 3’end labeling
kit and 32P-ddATP(Amersham, England).NuSieve 3:1 agarose (FMC, Rock-
land ME)

Patients and sources of DNA. Blood samples (20 to 30 ml) were collected
on heparin from 15 informed and consenting patients with different stages of
colorectal adenocarcinoma. The patients were not receiving any kind of can-
cer drug during this period. The DNA was extracted from the blood cells
and plasma, and for 13 of the patients, also from paraffin-embedded tumor
samples. Blood was also taken from 10 healthy controls where an amount of
400 ml had to be collected for plasma DNA isolation.

DNA extraction. The tumor (10) and blood cell DNA (1) were extracted
as previously described. The plasma DNA proved to be more delicate to ex-
tract (16, 17). In brief, the plasma was subjected to phenol, ether and
chloroform treatments. After dialysis against 1 x SSC (0.I5 M Sodium
chloride, 0.0IS M trisodium citrate), the material was passed through a Con-
canavalin A-Sepharose column to remove the polysaccharides and then
centrifuged in a Cs,SO, gradient. After this centrifugation the DNA often
formed two bands, one band in a normal position, the other higher, the
DNA of this lighter fraction being still strongly attached to proteins. In these
cases the DNA from each band was investigated separately.

Ras gene amplification. Purified DNA (10-100 ng) was subjected to PCR
amplification of the first exon of the K-ras gene in a volume of 100 ul. The
primers were 5'-GACTGAATATAAACTTGTGGTAGT-3’ and

5S-CTATTGTTGGATCATATTCGTCC-3". The amplifications were per-
formed in a buffer containing 50 mM KCI, 10 mM Tris-HCI at pH 8.3, 200
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mM of each nucleotide, 1.8§ mM MgCl,, 0.2 uM of each primer and 2.5 units
of AmpliTag DNA polymerase. Thirty five cycles were performed for tumor
and blood cell DNA and 45 cycles for plasma DNA (94° C for | min, 59°C
for 1,5 min, 72°C for 1 min. The last cycle was followed by a 7 min extension
at 72°C). The amplification products were analysed by electrophoresis in 8%
polyacrylamide gel.

Mutation detection. Two different methods were used for each sample :
Hybridization of the PCR products with mutation specific oligonucleotide
probes (20) and a more sensitive technique based on PCR amplification with
point mutation specific primers also called PCR amplification for specific al-
leles (PASA)(14).

According to the first method the PCR products, in equal quantities, were
spotted on Zeta-probe membranes and hybridized with oligunucleotides
specific for wild-type or mutant K-ras. (20). The oligonucleotide probes
were end labeled with 32P ddATP. To discriminate between perfect and mis-
matched hybrids, the final washing of the membrane was done in a solution
containing 3 M tetramethylammonium chloride, 50 mM Tris-HCI at pH 8.0,
0.2 mM EDTA, 0.1 % SDS at 58°C for 1 h.

In the more sensitive technique (14), the DNA was subjected to PCR
amplification with primers complementary to the normal GLY or to the
mutated ALA, VAL, SER, ASP or CYS sequences. The mutation-specific
primers have 3’-ends complementary to specific point mutations. Taq I
polymerase enzyme lacks a 3’-exonuclease activity and is therefore unable to
amplify DNA if the single base mismatch is located at the 3’-end of the primer .
Each PCR was done in a volume of 40 ul of a solution containing 50 mM KClI,
10 mM Tris-HCl at pH 8.3, 2 mM of each nucleotide, 0.7 mM MgCl,, 0.2 mM of
each primer and | unit of AmpliTag DNA polymerase. Thirty five cycles were
performed (94°C for | min, annealing at 550 to 62°C for 2 min, extension 72°C
for | min). The last cycle was followed by 7 min extension at 72°C. Every reac-
tion began with the hot-start technique. The primers were

5-ACTTGTGGTAGTTGGAGCTGG-3’ for the wild type K-ras (anneal-
ing 55°C), §-ACTTGTGGTAGTTGGAGCTGC-3’ for the ALA 12 mutant
(annealing 62°C), 5-ACTTGTGGTAGTTGGAGCTGT-3" for the VAL 12
mutant (annealing 61°C), 5~ ACTTGTGGTAGTTGGAGCTA-3’ for the SER
12 mutant (annealing 59°C), 5~ ACTTGTGGTAGTTGGAGCTGA-3’ for the
ASP 12 mutant (annealing 60°C), 5>~ ACTTGTGGTAGTTGGAGCTT-3" for
the CYS 12 mutant (annealing 59°C), and in each case the antisense primer
5’-CTATTGTTGGATCATATTCGTCC-3'. After amplification the reaction
products were analysed by electrophoresis in 8% polyacrylamide gel. In
some cases, the amplification products were run on a 4% NuSieve 3:1
agarose (FMC), blotted on a Zeta probe membrane and hybridized with
oligonucleotides specific for wild type or mutant K-ras (20).

For each sample all the specified probes and primers were used.
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RESULTS

Using the selective dot-blot hybridization with oligonucleotide probes, we
detected a Valine mutation (Figure 1) in one of the two plasma specimens for
which we had neither tumor nor blood cell sample (patient 15). Out of the 13
tumors analysed, six (46%) presented mutations (GLY to VAL, CYS or
ALA) while with the same technique these mutations could not be revealed
in the corresponding plasma DNA. Indeed, a PCR amplification followed by
dot-blot hybridization allows a point mutation to be usually clearly iden-
tified only if 10 % (8), at most in our hands 2 % (Figure 1), of the total
amplified DNA carries a point mutation.
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FIG. 1. Detection of point mutations in codon |2 of the K-ras gene by dot-blot hybridization.
The DNA was amplified, spotted in equal quantities onto Zeta probe membranes and
hybridized with oligonucleotides specific for wild type or mutant K-ras as described in
“Material and Methods”. Well No.l. Negative control (no DNA in PCR); No. 2. DNA from
human placenta; No.3.,4.,5. DNA from three different samples of normal blood plasma; No. 6.
DNA from the tumor of pahent 4; No.7.8. DNA from the blood plasma of patient 4, L and H
respectively (plasma DNA was often found in two bands after Cs,SO, centrifugation : L, low
density DNA; H, high density DNA);No. 9. DNA from the blood plasma of patient I5: No. 10 to
18. Mixture of normal human placenta DNA and mutant DNA from cell line SW 480 (which har-
bors a Valine mutation of codon 2 of the K-ras gene on both alleles) in varying proportions
which were used as a template for PCR amplification with 50%, 25%, 10%, 5%, 2%, 1%, 0.5%,
0.25%, 0.1% of mutant DNA, respectively..

To improve the sensitivity we used the technique of PCR amplification
using mutation-specific primers with 3’-ends complementary to the point
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mutation. This method enables identification of mutations in a DNA sample
mixed with a 104 to 10° fold excess of normal non-mutated DNA (18). With
this assay the blood plasma of five out of the six mutation positive patients
presented in a reproducible way the same mutation as identified in the
tumor (Table 1) while the other possible point mutations of codon 12 did not

appear.
Table 1. Patients with colorectal adenocarcinomas studied
for ras gene mutations in plasma DNA
Patients Age/Sex Tumor Tumor Tumor size Tumor Mutant ras gene
location stage (cm3) mutation in plasma

1 64/M Rectum B 4x4x0,8 ALA ALA

2 59/M  Colon (relapse) D peritoneal nodules CYS CYS

4 59/F Colon C 6x6x25 VAL VAL

7. 59/M Rectum A 35x356x1.2 VAL VAL

12 65/M Rectum (relapse) D perirectal infiltrations VAL not detected
13 74/F  Colon (relapse) D peritoneal nodules VAL VAL

Seven negative tumors are not shown on the table, nor the 10 controls of healthy donors.
Adenocarcinomas were classified according to Duke (Cohen et al.,1989) : A, confined to mus-
cularis propria; B, extension to muscularis propria, but confined to colon; C, metastatic to
regional lymph nodes; D, metastatic tumor outside regional lymph nodes.

Interestingly enough, when we investigated with the same sensitive tech-
nique the DNA present in the peripheral nucleated blood cells, the mutation
observed in the plasma DNA could not be detected (Figure 2, patients 1 and
2). As controls we used DNA from human placenta, normal lymphocyte
DNA and ten different samples of plasma DNA from healthy donors which
were all found to be negative.

IBOCKET

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




