(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

5 January 2017 (05.01.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/004599 A1

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
CI12P 19/34 (2006.01) GOIN 33/48 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
CI12Q 1/68 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

. o HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(21) International Application Number: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

PCT/US2016/040869 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
1 July 2016 (01.07.2016) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
(84) Designated States (uniess otherwise indicated, for every

(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,

(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
62/187,735 1 July 2015 (01.07.2015) US TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

(71) Applicant: NEOGENOMICS LABORATORIES, INC. DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
[US/US]; 12701 Commonwealth Drive, Fort Myers, FL LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
33913 (US). SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,

(72) Tnventor: ALBITAR, Maher; 27165 Kiavo Drive, Valley GW, KM, ML, MR, NE, SN, TD, TG).

Center, CA 92082 (US). Published:
(74) Agents: MUSICK, Eleanor et al.; 12636 High Bluff —  with international search report (Art. 21(3))

31

Drive, #400, San Diego, California 92130 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

with sequence listing part of description (Rule 5.2(a))

W RS a&x\\\\\\\\\\\\\\\\\\\\\\\\\\\\:&\\\\\\\\\\\\\w

(54) Title: METHOD FOR HIGH SENSITIVITY DETECTION OF MYD88 MUTATIONS

L8 i e L.098 Diige
Foppan S e Fosames .
N~ N Putanerase e Y Solyeecsse §
3 §
3 3

Shutared DR s

SR

Z

NS

Exteraion

-

FIG. 1

(57) Abstract: A method for increasing sensitivity for detecting minority mutations in MYDS88 uses a locked nucleic acid oligo to
block amplification of wild-type DNA in DNA isolated from patient FFPE tissue, bone marrow aspirate or peripheral blood samples
during PCR while still allowing sequencing and visualization of the PCR product. Further improvement to the sensitivity may be
o achieved by using a uracil DNA-glycosylase treatment to remove sequence artifacts commonly found in formalin-tixed, par-
atfin-embedded tissue.

2017/004599 A1 |1 0000 10 D10 0 OO O 0

W



WO 2017/004599 PCT/US2016/040869

10

15

20

25

30

-1-

METHOD FOR HIGH SENSITIVITY DETECTION OF MYD88 MUTATIONS

RELATED APPLICATIONS
This application claims the benefit of the priority of U.S. Provisional
Application No. 62/187,735, filed July 1, 2015, which is incorporated herein by
reference in its entirety.
FIELD OF THE INVENTION
The present invention relates to a method for increasing detection sensitivity for

minority mutations in MYD88.

BACKGROUND OF THE INVENTION

All cancers are believed to be due to mutations. Testing for myeloid
differentiation primary response gene 88 (MYDS88) has significant therapeutic and
diagnostic value in a range of cancer types, including Waldenstrom’s
Macroglobulinemia (WM), diffuse large B-Cell lymphoma (DLBCL), monoclonal
gammopathy of unknown significance (MGUS), and splenic marginal zone lymphoma
(SMZL), collectively, “MYD88-associated cancers”. MYDS88 is an adaptor molecule
in a toll-like receptor and interleukin-1 receptor signaling pathway. Mutation in
MYDS88 results in over-activation of toll-interleukin-receptor pathways, subsequent
phosphorylation of IRAK1/4, and release of nuclear factor-kappa-B (NF-«kB) drive cell
survival and proliferation. It has been demonstrated in DLBCL and WM that inhibition
of MYD88 signaling results in decreased NF-xB activity and reduced cell survival.
MYD88 mutations are also associated with greater disease burden in patients with
DLBCL and poor overall survival following initial and secondary therapy options.
MYD88 mutations are detected in 39% of activated B-cell-like (ABC) DLBCL. These
mutations are, however, rarely discovered in germinal center B-cell-like (GCB)
DLBCL and primary medastinal B-cell lymphoma (PMBL). Therefore, MYD88
mutation status may serve as a surrogate marker for the ABC-subtype. Recent work on
ABC-DLBCL and WM has demonstrated increased response to therapy—in both
disease types—by combination therapy with a toll-like receptor agonist (IMO-8400)
and Rituximab in mouse models. As such, MYD88 mutation status is a useful marker
in determining prognosis and in guiding current and future therapy options.

MYD88 mutations are found in almost all cases of WM and ~50% of patients

with Immunoglobulin M (IgM)-secreting MGUS, while these mutations are rarely
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detected in patients with SMZL (0-6%) and are absent in multiple myeloma (0%).
Differential diagnosis of WM from SMZL and IgM-multiple myeloma is often difficult
because of overlapping morphologic, immunophenotypic, cytogenetic, and clinical
characteristics. MYD8S8 is, therefore, a useful marker for accurate diagnosis given its
positive mutation status presenting primarily in WM. MYD88’s diagnostic, prognostic,
and therapeutic power necessitates the development of high-throughput, high-
sensitivity assays.

Most mutations in MYD88 occur at codon L1265, converting leucine to proline
(L265P); however, mutations at M232, P258, .103, and Q143 have also been reported.
Allele-specific (AS) polymerase chain reaction (PCR) based assays have been
developed for MYDS88 L265P and demonstrated the ability to detect minute fractions
of L265P positive cells. However, inherent limitations in this methodology prohibit
AS-PCR from detecting variants other than those previously described or specifically
designed for this purpose. Thus, the need for an alternative methodology that can be
used in routine lab work at larger volumes is desired.

Wild-type blocking PCR (WTB-PCR) using locked nucleic acid (LNA) has
demonstrated high sensitivity and versatility in the detection of low percentage mutant
populations. By adding an LNA oligo (10-12 NT), complementary to the region of the
hotspot, amplification of the WT allele is inhibited, leading to experimentally driven
positive selection for mutant alleles. This is accomplished by designing the LNA oligo
so that it anneals to the template strand during the primer annealing step of PCR and
melts from mutant template DNA—but not WT DNA—during extension. Because a
single nucleotide mismatch in the LNA-DNA hybrid greatly decreases its melting
temperature, only mutant template DNA is free to complete its extension. Therefore,
WT DNA is amplified linearly but mutant DNA is amplified exponentially. Traditional
Sanger sequencing can then be performed.

Sanger sequencing has traditionally been the gold standard in testing for both
known and unknown somatic mutations. One of the limitations of Sanger sequencing
is its limit of detection (~10-20% mutant allele in a background of WT). This level of
sensitivity is inappropriate for detecting low level somatic mutations that may be
present in samples from premalignant tissues or patients with few circulating tumor

cells, or when bone marrow (BM) is patchy. This also makes assessing residual disease
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after therapy or detecting emerging resistance mutations during therapy difficult by
conventional sequencing alone. By replacing conventional PCR with LNA-mediated
wild-type blocking PCR (WTB-PCR) in Sanger sequencing, sensitivities of up to 0.1%
mutant allele in a background of WT can be achieved. In WTB-PCR enrichment for
mutant alleles is achieved via the addition of a short (~10-14 NT) LNA oligonucleotide
that binds preferentially to WT DNA thereby preventing amplification of WT DNA.
The mutant enriched WTB-PCR product can then be sequenced. By blocking WT DNA
rather than selecting for specific mutations WTB-PCR allows for enrichment of both
known and unknown mutations present in minute cell fractions.

Among the most prevalent methods for detecting mutations in small cell
fractions are allele-specific PCR (AS-PCR) and real-time quantitative PCR (qPCR).
Both are limited by false-positives and the ability to only detect one mutation for which
the assay was designed. WTB-PCR, however, allows the user to visualize sequencing
traces, which enables the detection of multiple mutation types and can aid in ruling out
false positives due to artifacts or deamination events. Next-generation sequencing
(NGS) may offer a suitable alternative to conventional sequencing, however,
substantially greater costs, complexity, and longer assay time render it an unnecessary
option for many disease types with few distinct molecular markers or for monitoring
patients on therapy for emerging resistance mutations. Furthermore, high false positive
rate when detecting variants with mutant allele frequencies of less than 5% can pose a
problem for amplicon-based NGS.

The utility of WIB-PCR over AS-PCR lies in its ability to block WT allele
amplification rather than amplifying one specific variant allele. In addition, these
variant alleles can then be visualized and confirmed via sequencing—contrary to AS-
PCR—thereby avoiding false positives. This enrichment of the mutant DNA is
particularly useful in testing clinical samples that may contain relatively few neoplastic
cells. DLBCL or WM cells may constitute a small percentage of the total cells in bone

marrow or peripheral blood samples, leading to false negative results.
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BRIEF SUMMARY OF THE INVENTION

According to an embodiment of the invention, a method is provided for
detecting suspected WM or other diseases associated with MYD88 mutation using
LNA-augmented PCR, followed by bi-directional Sanger sequencing.

In an exemplary embodiment, a method is provided for increasing sensitivity
for detecting minority mutations in MYD88 when compared to traditional PCR
followed by Sanger sequencing (1 mutant allele in a background of 200 WT alleles).
The methodology uses a locked nucleic acid oligo to block amplification of wild-type
DNA during PCR while still allowing sequencing and visualization of the PCR
product, giving it advantages over other methodologies such as allele-specific PCR.
While the exemplary embodiments employ Sanger sequencing, it will be readily
apparent to those in the art that other sequencing techniques may be used, including,
but not limited to next generation sequencing (NGS), polymerase chain reaction
(PCR), pyrosequencing, dye sequencing, sequencing by synthesis, and ion
semiconductor sequencing, among others.

In some embodiments, an uracil DNA-glycosylase treatment may be used to
remove sequence artifacts commonly found in formalin-fixed, paraffin-embedded
tissue. The inventive method provides significant improvement in sensitivity when
compared to traditional PCR, which failed to detect MYD88 mutations in 65% of the
samples that were clearly positive by the inventive approach using wild-type blocking
PCR. While LNA is used for blocking in the exemplary embodiments, the same is
applicable for other synthetic nucleotides such as BNA, PNA, or XNA.

In one aspect of the invention, a method for screening and/or monitoring a
patient for MYD88 mutations includes the steps of isolating DNA from a sampling
bone marrow aspirate (BM), fresh peripheral blood (PB), and formalin-fixed,
paraffin-embedded (FFPE) tissues sample obtained from the patient suspected of
having a condition associated with MYD88 mutations; performing PCR on the
extracted DNA to produce amplified DNA while blocking amplification of wild-type
DNA; sequencing the amplified DNA in an automated sequencer; analyzing an output
of the automated sequencer to identify mutations in the sequence. In one
embodiment, the amplification of wild-type DNA is blocked by a LNA oligo. The
LNA oligo may have the sequence TCAGA+AGHC+G+A+C+T+G+A+T+CC/invdT



WO 2017/004599 PCT/US2016/040869

10

15

20

25

30

(SEQ ID NO. 5), which covers amino acids Q262-1266. The LNA oligo may further
be a 17mer with 10 LNA bases that are denoted as “+N” and wherein the remaining 7
bases are ordinary DNA nucleotides. In certain embodiments, the method may further
include, prior to sequencing, applying a uracil DNA-glycosylase treatment to the
sample to remove sequence artifacts.

Further embodiments include a kit for diagnosing, monitoring and managing a
patient with a MYD88-associated cancer. This kit includes a primer with SEQ ID
NO. 1, a primer with SEQ ID NO. 2 and a LNA oligo with SEQ ID NO. 5. The kit is
suitable for diagnosing, monitoring and managing a patient suffering from an
MYDS88-associated cancer including any of the following diseases: Waldenstrom’s
Macroglobulinemia (WM), diffuse large B-Cell lymphoma (DLBCL), monoclonal
gammopathy of unknown significance (MGUS), and splenic marginal zone

lymphoma (SMZL).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic overview of WIB-PCR. A single nucleotide
mismatch in the LNA-DNA hybrid decreases Tm by up to 30 °C. By designing the
LNA oligonucleotide to have a Tm of 10-15 °C above the temperature during
extension, amplification of WT DNA is blocked while allowing amplification of
mutant DNA.

FIG. 2 illustrates test results for genomic DNA from patients with and without
mutations comparing conventional and WTB-PCR, demonstrating the typical
enrichment achievable by WTB-PCR. The final concentration of LNA used to achieve
WTB-PCR was selected in order to achieve maximum mutant enrichment while not
causing false positives in WT DNA or blocking amplification of WT DNA entirely.

FIG. 3 illustrates a characteristic drop-off in signal intensity seen when
enzymatic PCR purification is used instead of magnetic beads. This is likely because
enzymatic purification fails to remove LNA prior to bi-directional sequencing.

FIG. 4 illustrates that C:G>T:A sequencing artifacts arise in FFPE tissue when
cytosine or methylated cytosine are deaminated via formalin fixation to uracil or
thymine, respectively. Uracil DNA glycosylase (UDG) can excise uracil prior to
WTB-PCR helping to reduce sequencing artifacts. However, thymine resulting from

deaminated S-methylcytosine, which frequently occurs at CpG islands, cannot be
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excised by UDG. Decreasing the concentration of LNA used in WTB-PCR may help
to reduce the occurrence of sequencing artifacts that are not remedied by UDG
treatment.

FIG. 5 is a set of chromatograms for DNA sequences comparing conventional
T-PCR and WTB-PCR sensitivity. Mutant genomic DNA taken from paraffin
embedded lymph nodal tissue. Diluted in 1:1 series with WT genomic DNA taken
from peripheral blood.

FIG. 6A is a diagram showing deamination artifacts associated with high
sensitivity MYD88 mutation detection using WTB-PCR/sequencing and comparing
the use of UDG for reducing these artifacts. CpG islands at R264* remains resistant
to UDG due to conversion to Thymine rather than Uracil upon deamination. FIG. 6B
is a comparison of the effect of Uracil-DNA Glycosylase (UDG) treatment without

and with positive selection.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following description details the procedures and results for the inventive
method for increasing sensitivity for detecting minority mutations in MYD88. In an
exemplary embodiment, the methodology uses a locked nucleic acid (LNA) oligo to
block amplification of wild-type DNA during PCR while still allowing sequencing and
visualization of the PCR product, giving it advantages over other methodologies such
as allele-specific PCR. In one embodiment, a uracil DNA-glycosylase treatment may
be used to remove sequence artifacts commonly found in formalin-fixed, paraftin-
embedded tissue. Results from analysis of randomly selected 37 MYDS88 mutated,
clinically tested samples demonstrate that traditional PCR failed to detect MYD88
mutations in 65% of the samples that were clearly positive by wild-type blocking PCR.
Thus, this methodology is essential for attaining accurate results in clinical testing.
While the exemplary embodiment uses LNA for blocking, the inventive method may
also employ other synthetic nucleotides for blocking amplification of wild-type DNA
and/or enhancing amplification of the mutant allele. Such alternatives include BNA
(bridged nucleic acids), PNA (peptide nucleic acids), or XNA (xeno nucleic acids).

A conceptual overview of WTB-PCR during extension is presented in FIG 1.
Because a single nucleotide mismatch in the LNA-DNA hybrid greatly decreases its
melting temperature (ATm=20-30 °C), amplification of the WT allele is blocked, while
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mutant template DNA is free to complete extension. In this manner, mutant DNA is
amplified exponentially while WT DNA is amplified only linearly.

A demonstration of the mutant enrichment achieved by WTB-PCR is presented
in FIG. 2. Genomic DNA from patients with and without mutations were tested by both
conventional and WTB-PCR and then sequenced to demonstrate the typical enrichment
achievable by WTB-PCR and a lack of false positives in WT DNA. The working
concentration of LNA used in WTB-PCR MMX should be determined by titration
experiments and should achieve the desired level of mutant enrichment while not
resulting in false positives or blocking amplification of WT DNA entirely. Sequencing
analysis of WTB-PCR product demonstrates enrichment for the mutant allele and a
limit of detection in excess of 0.5% mutant allele in a background of WT compared
with 16% in conventional PCR.

The effects of this increase in sensitivity in clinical testing may vary depending
on the amount of neoplastic cells in the samples tested. In a methods comparison study,
the WTB-PCR assay described here has demonstrated that 64% of MYD88 mutations
would be missed by conventional testing of patients with WM or MGUS.

The WTB-PCR assay disclosed herein uses a generic set of primers with a LNA
oligo designed to block amplification of WT DNA during extension (FIG. 1). The
WTB-PCR product is then sequenced for mutational analysis. The utility of WTB-
PCR/Sanger lies in its simplicity, high-sensitivity, and high-throughput. Using the
techniques described herein, most existing Sanger based assays can be simply modified
via the addition of a blocking LNA oligonucleotide to greatly increase sensitivity. In
the example assays described below, the addition of a single LNA oligonucleotide to
PCR increased the limit of detection from approximately 16% mutant allele in a
background of WT for the conventional assay to >0.5% in the WTB-PCR assay. The
effect of which is a 64% reduction in false negatives seen in clinical testing. Confirming
the presence of mutations in MYD88 has significant diagnostic and prognostic
implications; falsely reporting a case as negative may have serious consequences on
overall therapy and patient management. Testing with WTB-PCR is therefore of great
importance, particularly in patients with relatively low abnormal cellularity. WTB-PCR
techniques vary considerably and are sometimes referred to interchangeably with LNA,

BNA, or PNA-mediated PCR clamping or PCR-clamp-probe assays. Some variations
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utilizing WTB-PCR involve a qPCR assay, which necessitates designing an additional
fluorescent probe for a specific mutation. A significant challenge associated with this
technique includes the need to develop competitively binding probes that accurately
discriminate between WT and mutant alleles. Furthermore, because a mutation specific
probe is required, the qPCR approach lacks the ability to detect unknown mutations.
Another variation of WTB-PCR blocks WT amplification in an allele-specific manner.
Instead of using mutation-specific primers however, a LNA probe specific for the WT
allele inhibits complete primer binding. While this approach does not require a
mutation-specific probe like qPCR, it fails to discriminate between mutations and
polymerase induced errors can lead to increased false positives. Exponential
amplification of those polymerase induced errors through PCR may obscure the
detection of rare mutational events. Any approach that uses PCR amplification to enrich
for mutations has its accuracy limited by the frequency of PCR errors. A fundamental
advantage of WTB-PCR/Sanger over many other high-sensitivity methodologies is that
it prevents amplification of both WT template and mutant template whose mutations
occur outside the gene region targeted by LNA oligonucleotide. Using the inventive
approach, PCR errors introduced by polymerases are effectively filtered out along with
WT DNA. Contrary to AS-PCR or qPCR however, enrichment is retained for unknown
mutations that occur within the region covered by the LNA oligo. In the case of
MYDB88, WTB-PCR allowed the detection of both L265P and R264* mutations. Others
have similarly reported the detection of multiple, low-frequency mutations with the use
of WTB-PCR. This makes WTB-PCR ideal for both research and clinical purposes.
Along with high sensitivity and inherent internal controls for eliminating false
positives, WTB-PCR’s flexibility for adapting an existing sequencing assay with very
few additional steps with LNA design make it attractive option for many labs with
established assays. The same set of PCR primers used in a conventional assay can
typically be used in the WTB-PCR variation. Other protocol changes that are highly
recommended for WTB-PCR—including UDG treatment of FFPE tissue and
appropriate post-PCR purification methodologies—are equally transferrable. LNA
design, therefore is the critical element in implementing a WTB-PCR assay. Though
the procedures disclosed herein represent the most relevant factors in that design,

various LNA oligonucleotides should be tested to find one that blocks WT
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amplification efficiently without secondary effects to PCR. This includes adding or
removing LNA bases to adjust Tm, shifting the position of the blocking oligo relative
to the WT template, and changing the overall length of the oligo. LNA titration
experiments should also be employed in order to establish a balance between acceptable
occurrences of sequencing artifacts and limit of detection.

Selecting an appropriate methodology for detecting mutations that are present
in small cell fractions depends greatly on the application and disease/mutation types. If
mutant quantification is desired, qPCR or digital PCR may offer more viable solutions
than WTB-PCR/Sanger. Though WTB-PCR is primarily a qualitative assay, it is
possible to determine a rough estimate of the mutant allele frequency by testing a
sample with conventional and WTB-PCR in parallel. Because the limit of detection for
the conventional assay is ~10-20% mutant allele in a background of WT, it is
appropriate to conclude that mutations detected by the WTB-PCR assay but not the
conventional are present at a concentration less than the limit of detection for the
conventional assay. Few assays offer the versatility, simplicity, and robustness of
WTB-PCR. The low cost and short turnaround time makes it ideal for assessing residual
disease after therapy or monitoring emerging resistance mutations during therapy.
Additionally, the ability to detect previously undescribed mutations make WTB-PCR
ideal for research purposes.

While the exemplary embodiments described herein employ Sanger
sequencing, it will be readily apparent to those in the art that other sequencing
techniques may be used, including, but not limited to next generation sequencing
(NGS), polymerase chain reaction (PCR), pyrosequencing, dye sequencing,
sequencing by synthesis, and ion semiconductor sequencing, among others.

The following examples illustrate use of the inventive method for MYD88

mutation detection.

Example 1: Protocol for MYD88 Assay Using WTB-PCR Testing:
DNA Extraction from FFPE Tissue, Peripheral Blood (PB), and Bone Marrow

(BM) Aspirate is performed following the steps described below for the appropriate
sample type. It should be noted that the procedures described may be specific to a
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particular manufacturer’s/supplier’s instructions. Variation to adapt these steps to kits
and reagents from other sources will be readily apparent to those of skill in the art.
Tables 1 and 2 below provide reagents and primer sequences, respectively,

used in this procedures.

5 TABLE 1
Reagent Vendor Catalog No. Description
100% alcohol VWR 89370-084 Histology grade; 91.5%
Ethanol, 5% Isopropyl alcohol,
4.5% Methyl alcohol
DNAse, RNAse-free,
ultra-pure water
Ethanol Absolute Sigma E7023 200 proof, for molecular
biology
FastStart Tag DNA Roche 12032937001 With10X concentrated PCR
polymerase (5 U/ul) reaction buffer, with 20 mM
MgCl12
Xylene VWR 89370-088 Histology grade
BigDye Terminator Life 4337455 With 5X Sequencing Buffer
v3.1 Cycle Technologies
sequencing kit
QIAamp DNA Mini Qiagen 51304 Or equivalent
Kit
Hi-Di Formamide ABI 4311320
GeneRead DNA Qiagen 180134 Contains uracil DNA
FFPE Kit glycosylase necessary for
reducing sequencing artifacts
Nuclease Free Water Fischer BP2484-100 or
Scientific equivalent
2% E-gel 96 Agarose, | Invitrogen Cat#G7008-02
8/PK
(3730) POP-7 Applied Cat#AB
Polymer Biosystems 4335615
TABLE 2
Primer Name Vendor Sequence
M13-F Applied 5'-tgt aaa acg acg gee agt (SEQ ID NO. 1)
Biosystems
M13-R Applied 5'-cag gaa aca gct atg acc (SEQ ID NO. 2)
Biosystems
PCR Forward Integrated DNA | 5'-tgt aaa acg acg gecc agt
Technologies TGC CAG GGG TAC TTA GAT GG (SEQ ID
NO. 3)
PCR Reverse Integrated DNA | 5'-cag gaa aca gct atg acc
Technologies GGT TGG TGT AGT CGC AGA CA (SEQID
NO. 4)
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For FFPE tissue with GeneRead™ DNA FFPE kit (QIAGEN®), begin with
FFPE tissue from unstained slides (5-10 sections at 5-10 um thickness). If starting
with tissue shavings, use 3-6 sections at 5-10 pm thickness and skip to the instructions
from the manufacturer handout included in the kit.

Place the slides in a slide basket and prepare four wash reservoirs -- two for
xylene (VWR, histology grade) and two for 100% alcohol (VWR histology grade:
91% ethanol, 5% isopropyl alcohol, 4.5% methyl alcohol). The minimum volume of
solution that should be added to each basket is 600 ml. Deparaffinize the slides by
doing a 5 minute xylene wash in the first tray. Transfer the slides to the second xylene
wash reservoir for an additional 5 minutes. After deparaffinization, wash the slides
with 100% alcohol for 5 minutes, then transfer the slides to the second alcohol wash
reservoir for an additional 5 minutes. Allow the slides to dry completely under a hood
before scraping them with a razor blade into a microcentrifuge tube. Note that if an
H&E (haematoxylin and eosin) slide with tumor region indicated is available, align
the slides and scrape only the tumor region.

After completion of the FFPE tissue preparation steps, proceed with
instructions from the manufacturer handout included in kit.

DNA from BM aspirate and Peripheral Blood is extracted using a QlAamp®
DNA Mini Kit (QIAGEN®) according to the manufacturer’s instructions handout with
the following specifications: use 200 pL peripheral blood (PB) or 100 ul BM + 100
ul PBS and 4 ul RNase A stock solution. Elute with 100 ul Buffer AE. Eluted DNA
is collected in a standard microcentrifuge tube.

DNA Quantification is performed by measuring DNA concentrations using a
spectrophotometer ensuring a 260nm/280nm ratio of approximately 1.8 (for pure
DNA). If the ratio is appreciably lower, it may indicate the presence of protein,
phenol, or other contaminants that could interfere with downstream applications. The
DNA concentrations may be adjusted to approximately 50-100 ng/uL. with
appropriate elution buffer.

The design of a primer for wild-type blocking PCR for genes of interest were
performed according to previously described general guidelines of PCR primer

design. (See, Dieffenbach, C, et al, General concepts for PCR primer design. PCR
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Methods Appl 3 (3), S30-S37 (1993), incorporated herein by reference.) M13-
forward and reverse universal sequencing primers were included in the PCR primers.

The MYDB88 assay was developed to amplify exon 5 of MYD88 (G259-N291)
and 110 nucleotides located in the 5’ intronic region in order to cover the splice site
and part of intron 4. The forward and reverse primers were designed with a 5’-M13
sequence (M13-forward: tgt aaa acg acg gcc agt (Applied Biosystems) (SEQ ID NO.
1); M13-reverse: cag gaa aca gct atg acc) (Applied Biosystems) (SEQ ID NO. 2) to
allow for annealing of complementary sequencing primers.

For the blocking locked nucleic acid (LNA), guidelines include that the
blocking LNA oligonucleotide should be approximately 10-15 bases in length and
complementary to the WT template where mutant enrichment is desired. The
blocking oligo is designed to have a melting temperature (Twm) that is 10-15 °C above
the extension temperature during thermocycling. The Tm can be adjusted by adding or
removing LNA bases or by substituting LNA bases for DNA. Design considerations
to avoid secondary structure formation should also be taken into account. Finally,
long stretches (3-4 bases) with LNA G or C bases should be avoided. The Tm
Prediction and Oligo Optimizer tools available on the World Wide Web at
exiqon.com (“LNA™ Oligo Optimizer” and “LNA Oligo Tm Prediction”) provide all
necessary data for the design process and are incorporated herein by reference.

The blocking oligonucleotide for MYD88 [MYD8SLNA
(TCAGA+AGHCH+GHA+CH+T+G+A+T+CC/invdT/)] (SEQ ID NO. 5) was designed
to cover amino acids Q262-1266 and features a 3’-inverted dT to inhibit both
extension by DNA polymerase and degradation by 3’-exonuclease. This specific
blocking oligo is a 17mer with 10 LNA bases that are denoted as “+N”. The
remaining 7 bases are ordinary DNA nucleotides.

WTB-PCR setup and thermocycling was performed under the following
conditions using a Microcentrifuge Model 5430(Eppendodorf) and a Mastercycler Pro
S Thermocycler (Eppendorf). Space was provided in the PCR plate for inclusion of a
positive and negative control (mutant and WT, respectively) and a non-template
control to check for contamination.

A WTB-PCR master mix (MMX) was prepared from: 2.5 ul PCR reaction
buffer 10x w/ 20mM MgCl2, 250uM dNTPs, 0.2uM forward and reverse primer,
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1.2uM MYDS88LNA, and DNAse, RNAse-free, ultra-pure H20 to create a final
solution volume of 21.75 ul per reaction. It should be noted that the working
concentrations are for the final reaction volume of 25 pl (after addition of DNA
template and Fast Taq polymerase). Also, note that conventional PCR MMX is
prepared by simply omitting the addition of LNA. Otherwise, all protocol steps
remain identical for both WTB and conventional PCR. This can be used in validation
and determining enrichment achieved by addition of LNA. Next, the MMX was
vortexed thoroughly. The MMX can be stored at -80 °C for up to a year.

After adding 0.25 ul Fast Start Taq DNA polymerase per reaction to the
MMX, invert to mix. Once the polymerase has been added to the MMX it should be
kept onice. Note that when calculating the amount of MMX to prepare, sufficient
MMX should be provided for 3 additional reactions (controls, mentioned above) and
at least 1 additional reaction to allow for pipetting error.

Put a new 96 well PCR plate on a cold plate and pipette 22 ul of MMX with
polymerase to each reaction well. Add 3 pl genomic DNA (50-100 ng/ul) to each of
the wells containing the MM X with polymerase. Seal the plate and centrifuge briefly
to ensure the solution reaches the bottom of each well.

The PCR plate is loaded into the thermocycler and processed under the
following conditions: Initial denaturation at 95 °C for 6 minutes; 40 cycles of
denaturation at 95 °C for 30 sec, primer annealing at 56 °C for 30 sec, and extension
at 72 °C for 1 min 20 sec; final extension at 72 °C for 10 min. It should be noted that
best practice involves completing the remainder of the protocol in a physically
separate area to avoid amplicon contamination in future setups.

To determine whether WTB-PCR was successful, and to confirm a lack of
amplification in the non-template control, gel electrophoresis was performed
according to known procedures.

Purification of the PCR Product was achieved using by AMPure XP magnetic
beads (Beckman Coulter). The AMPure XP beads are removed from 4 °C and
brought to room temperature. 10 ul of PCR product is transferred to a new PCR
plate. The AMPure XP was vortexed vigorously to fully re-suspend the magnetic
particles. 18 pl of AMPure XP is added to each well on the new plate. Pipette mix 10

times and incubate at room temperature for 5 minutes.
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Place the plate onto a DynaMag-96 Side Skirted Magnet Plate for 2 minutes to
separate beads from solution, then aspirate the supernatant with a multichannel
pipette, being careful to avoid the bead pellet. Dispense 150 pl 70% ethanol into each
well and incubate at room temperature for at least 30 sec. Aspirate the ethanol with a
multichannel pipette and discard tips. Repeat this wash procedure once more.

Using a 20 pl multichannel pipette, aspirate the remaining ethanol from each
well and discard tips.

Once wells are dry (~10 min), remove from the Magnet Plate and add 40 ul of
nuclease free water to each well and pipette mix 15 times. Incubate at room
temperature for 2 min., then place the plate onto Magnet Plate for 1 min to separate
the beads from solution.

Transfer 35 pl of purified product to a new plate. This is purified PCR
product is now ready to proceed with bi-directional sequencing or can be stored at -20
°C until needed. Note that when developing a new assay, quantification of purified
PCR product may be required. 1-3 ng/ul amplicon DNA is optimal for bi-directional
sequencing. If concentration is consistently low, increase the PCR product and
AMPure XP proportionally (1:1.8). If the concentration is consistently high, elute
with a greater volume of water.

The WTB-PCT product is sequenced using bi-directional sequencing. Note
that this protocol is a modified form of the manufacturer’s instructions, which has
been optimized to use fewer reagents.

Prepare forward and reverse sequencing reaction mixes with 0.25 pl BigDye®
Terminator™ v3.1 Ready Reaction mix (Applied Biosystems), 1.88 ul Sequencing
Buffer, 1.78 uM M13-F or M13-R sequencing primers and add DNAse and RNAse-
free, ultra-pure H2O to create a final solution volume of 9 ul per reaction. This
sequencing reaction mix can be stored at -20 °C for up to a year. Pipette 9 ul the
forward sequencing reaction mix into each well of a new 96 well PCR plate for the
forward sequencing reaction. Repeat on a separate plate for the reverse sequencing
reaction.

Add 1 pl of the purified WTB-PCR product to each well on both the forward
and reverse plates, then seal the plate and centrifuge briefly to ensure the solution

reaches the bottom of each well.
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Load the PCR plate on a thermocycler and process under the following
conditions: 96 °C for 1 min; 30 cycles of 96 °C for 10 sec, 50 °C for 5 sec, 60 °C for
4 min; hold at 4 °C until ready for purification.

For purification of the sequencing products, prepare a fresh 1:25 solution of
3M sodium acetate (pH 5.2) and 100% ethanol, and separately prepare a fresh 70%
ethanol solution. Add 30 pl of sodium acetate/ethanol solution to each well of both
the forward and reverse sequencing plates and pipette mix 5 times. Reseal the plate
and incubate in the dark at room temperature for 20 min.

After incubation, centrifuge the plate at 2250 x g for 15 min, then remove the
plate sealer and invert over a waste container. Note that the plate should be inverted
only once to avoid loosening the pellet from the well bottoms. Place the inverted plate
on a clean paper towel and centrifuge at 150 x g for 1 min.

Add 150 pl 70% ethanol to each well, then reseal the plate and spin at 2250 x
g for 5 min. Repeat the steps of inverting the plate then placing it on a clean paper
towel. If the wells are not completely dry, they should be allowed to air dry at room
temperature to make sure the samples are protected from light while drying.

Once the wells are dry, add 10 pl HI-DI Formamide to each well and pipette
mix 10 times, then reseal the plate and place it in the thermocycler. The samples are
denatured on the thermocycler at 95 °C for 3 min followed by 4 °C for 5 min.

After denaturing, the plate sealer is replaced with a septa and sequencing is
performed using an ABI 3730XL (Applied Biosystems) or equivalent sequencing
platform. It should be noted that this protocol is optimized with the 3730XL
sequencer and POP-7 Polymer with ABI running buffer 10X with EDTA. This same
approach can be used on nearly any sequencer provided the machine being used has
been calibrated to use the BigDye terminator v3.1 chemistry.

Analysis of Sequencing Results

Visualization of sequencing traces can be accomplished with a number of
commercially-available programs. In the exemplary embodiment, ABI SeqScape v3.0
(Applied Biosystems) was used. The sequences are aligned to MYD88 (NCBI
Reference Sequence NM_ 002468 (Homo sapiens myeloid differentiation primary
response 88 (MYD88) transcript variant 2, mRNA.) Additional information about
this RefSeq is publicly available on the World Wide Web from the National Center
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for Biotechnology Information (ncbi.nlm.nih.gov), which is incorporated herein by
reference.

A conceptual overview of WTB-PCR during extension is provided in FIG. 1.
Because a single nucleotide mismatch in the LNA-DNA hybrid greatly decreases its
melting temperature (ATM=20-30 °C) amplification of the WT allele is blocked while
mutant template DNA is free to complete extension. In this manner, mutant DNA is
amplified exponentially while WT DNA is amplified linearly.

A demonstration of the mutant enrichment achieved by WTB-PCR is provided
in FIG. 2. Genomic DNA from patients with and without mutations were tested by
both conventional and WTB-PCR and then sequenced to demonstrate the typical
enrichment achievable by WTB-PCR and a lack of false positives in WT DNA. The
working concentration of LNA used in WTB-PCR MMX should be determined by
titration experiments and should achieve the desired level of mutant enrichment while
not resulting in false positives or blocking amplification of WT DNA entirely.
Sequencing analysis of WTB-PCR product demonstrates enrichment for the mutant
allele and a limit of detection in excess of 0.5% mutant allele in a background of WT
compared with 16% in conventional PCR®.

The effects of this increase in sensitivity in clinical testing may vary
depending on the amount of neoplastic cells in the samples tested. In a methods
comparison study, the WTB-PCR assay described here has demonstrated that 64% of
MYD88 mutations would be missed by conventional testing of patients with WM or
MGUS.

A characteristic drop-off in signal intensity is often seen if too high a
concentration of LNA is used, or if post-PCR purification failed to remove LNA prior
to bi-directional sequencing. The impact of the latter is demonstrated when AMpure
XP magnetic bead purification (FIG. 3, left panel) is substituted for enzymatic
purification (FIG. 3, right panel). Thus, while enzymatic purification may be an
attractive option when working with greater sample numbers, it is inappropriate for
application to WTB-PCR because it fails to remove LNA from solution prior to
sequencing.

FIG. 4 provided a comparison of the results of WTB-PCT without and with

UDG treatment to reduce deamination artifacts. The arrows in FIG. 4 point to
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examples of sequence artifacts frequently found in FFPE-derived DNA as a result of
cytosine deamination (C:G>T:A). While the actual causes of cytosine deamination are
poorly understood, any PCR-based assay that enriches for mutant alleles will detect
these low frequency artifacts. False positives due to deamination are best avoided by
starting with high quality template material. In cases where this is not possible,
treatment with uracil DNA glycosylase (UDG) during extraction can aid in limiting
the frequency and intensity of deamination artifacts. UDG treatment of FFPE tissue
during extraction (as part of the GeneRead DNA FFPE kit) excises deaminated
cytosine residues, thereby preventing artificially induced C:G>T:A mutations. (see
FIG. 4, lower panel). However, 5-methylcytosine residues that frequently occur at
CpG dinucleotides are deaminated to thymine, which cannot be excised by UDG,
indicated by the arrows in the lower panel of FIG. 4. The resulting sequencing
artifacts are fairly recognizable and often appear as tandem mutations. If samples
have already been extracted, UDG treatment can be implemented in a secondary

extraction with relatively low DNA loss.

Example 2: MYDS88 Mutation Detection

Patients and samples: Patient material was submitted for MYD88 gene mutation

status for various referral reasons. All work was performed with Institutional Review
Board (IRB) approval. A total of 153 patient samples were submitted, including fresh
bone marrow aspirate (BM), fresh peripheral blood (PB), and formalin-fixed, paraffin-
embedded (FFPE) tissues. Routine Flow cytometry data was available on 9/37 retested
positive patient samples (PPS) (see Table 4).

DNA extraction: Using the QIAcube automated DNA extraction machine and

the DNA blood mini kit or FFPE tissue kit (Qiagen; Venlo, Netherlands), we extracted
DNA according to manufacturer’s instruction. Extracted DNA was then quantified
using a Nanodrop 2000 (Thermo Fisher Scientific, Waltham, MA, U.S.A.) instrument
and adjusted to approximately 50-100ng/ulL with H2O.

DNA Sequencing: 153 patient samples were run using WTB-PCR. We

randomly selected 37 of the 62 patient samples found to be positive by WTB-PCR and
subjected them to both traditional PCR (T-PCR) and WTB-PCR followed by Sanger

sequencing. These 37 samples were representative of the 66 positives (see Table 3).
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WTB-PCR followed by sequencing was performed on a negative control
comprised of tumor-free FFPE colon tissue (N=8), BM/PB (N=3), and thyroid cyst
aspirate (TC) (N=1) derived from patients who had no indication of WM, DLBCL,
IgM-MGUS, or SMZL. 6 of these samples (5 FFPE and 1 BM)—which were positive
for novel mutations—were subjected to treatment with uracil-DNA glycosylase using
the GeneRead DNA FFPE kit (Qiagen; Venlo, Netherlands) in order to determine if
these novel mutations were artifacts or real.

The MYDS88 assay was developed to amplify exon 5 of MYD88 (G259-N291)
and 110 nucleotides located in the 5° intronic region in order to cover the splice site and
part of the intron. 0.25uL Fast Start Taq DNA polymerase (Roche; Basel, Switzerland),
2.5 uL PCR reaction buffer 10x w/ 20mM MgCl2, 250uM dNTPs (Invitrogen;
Waltham, MA, U.S.A)), 0.2uM forward primer (tgt aaa acg acg gcc agt TGC CAG
GGG TAC TTA GAT GG), 0.2uM reverse primer (cag gaa aca gct atg acc GGT TGG
TGT AGT CGC AGA CA)IDT, Coralville, 1A, US.A)), 1.2uM MYDSSLNA
(TCAGA+AG+C+G+A+C+T+GHA+T+CC/invdT/) (Exiqon, Vedbaek, Denmark),
and 3uL genomic DNA (50-100ng/uL) were added to DNAse, RNAse-free, ultra-pure
H:O to create a final solution volume of 25 ul/ reaction. Both PCR primers were
designed with a 5°-M 13 sequence (M 13-forward: tgt aaa acg acg gcc agt; M13-reverse:
cag gaa aca gct atg acc) to allow for annealing of complementary sequencing primers.
T-PCR comprised an identical formula lacking only LNA. The LNA oligo was designed
to cover amino acids Q262-1266 and featured a 3’-inverted dT to inhibit both extension
by DNA polymerase and degradation by 3’ exonuclease. Both reactions were subjected
to identical thermocycler settings; initial denaturation at 95°C for 6 minutes; 40 cycles
of denaturation at 95°C for 30 seconds, primer annealing at 56°C for 30 seconds, and
extension at 72°C for 1 minute 20 seconds; this was followed by a final extension at
72°C for 10 min. PCR products were enzymatically purified using ExoSAP-IT
(Affymetrix; Santa Clara, CA, U.S.A.) or Agencourt AMPure XP (Beckman Coulter;
Brea, CA, U.S.A)), bi-directionally sequenced using a BigDye Terminator v3.1 Cycle
sequencing kit (Life Technologies; Waltham, MA, U.S.A)), and subjected to ethanol
precipitation. The precipitated DNA was then resuspended in 10 uL Hi-Di Formamide
(Life Technologies; Waltham, MA, U.S.A.), denatured at 95°C for 3°, and run on the
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ABI 3730XL sequencer. Results were analyzed using ABI Prism® SeqScape software
and aligned to GenBank Acc# NM_002468.

A serial dilution was completed in order to demonstrate WTB-PCR sensitivity.
Genomic DNA taken from a sample that tested positive for MYD88 mutation (L265P)
was quantified using a Qubit dsDNA broad range assay kit (Invitrogen; Waltham, MA,
U.S.A)) and diluted to 20ng DNA per uLL with H2O. This DNA was serially diluted with
wild-type genomic DNA (also 20ng/ul).

Resulting improvement of sensitivity in detecting MYD88 mutations using WTB-PCR:

Positive selection for mutant alleles by WTB-PCR greatly increased assay sensitivity
when compared to T-PCR.

T-PCR was able to detect up to 16% mutant allele in a background of WT allele,
while WTB-PCR was able to detect less than 0.5% (see FIG. 5). Wild-type DNA was
negative for mutations by both T-PCR and WTB-PCR, demonstrating assay specificity
Agencourt AMPure XP post-PCR purification yielded far cleaner Sequencing
chromatograms than ExoSAP-IT purification and is therefore the preferred
methodology (Data not shown).

Higher rate of detection in clinical samples using WTB-PCR: Using WTB-PCR,
MYD88 mutations were detected in 62/153 samples (40.5%), including 58/153 L265P
(94% of mutations) and 4/153 R264* (6% of mutations) (see Table 3).

Table 3 provides a listing of samples tested by routine lab with WTB-PCR and
randomly selected positive patient samples tested with both WTB-PCR and T-PCR,
where WTB-PCR means wild-type blocking PCR, T-PCR means traditional PCR, and
N/A means not applicable.

TABLE 3
WTB-PCR T-PCR

All samples
N=153 62 (40.5%) N/A
L265P 58 (94%) N/A
R264* 4 (6%) N/A
Samples tested by 37 13
both N=37
False negatives (%) 0 65
L265P 34 13
R264* 2 0
789g>a
(synonymous) 1 0
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Thirty-seven (37) of the randomly selected patient samples with known mutated

MYDS88 were subjected to T-PCR without LNA; followed by sequencing. Using this

conventional approach, of the 37, only 13 revealed MYDS88 mutations (35%), as

indicated in Tables 3 and 4. Thus, routine testing using traditional PCR only yielded

5 afalse negative report rate of 65%. Parallel repeat testing of 37 positive samples with
WTB-PCR yielded zero false negatives. WTB-PCR additionally revealed a novel
synonymous mutation (793¢>t) present in 3/37 positive patient samples (PPS), all of
which were concurrent with either R264* or L265P mutations. One additional novel
synonymous mutation 789g>a was discovered by WTB-PCR.

10 Table 4 below provides a listing of positive patient samples (“PPS”) tested by
WTB-PCR and T-PCR.
TABLE 4
Sample | Age | Gender | PPS (T-PCR PPS (WTB-PCR | Source | Comment
wi/o LNA) w/ LNA)
1 33 F unmutated 794t>¢ (L265P) BM 2-3% CLL
cells by Flow
2 57 F unmutated 794t>¢ (L265P) BM
3 68 F unmutated 794t>¢ (L265P) BM 3%
Lymphoplasma
cytoid by Flow
4 77 F unmutated 794t>¢ (L265P) BM
5 73 |[M 794t>¢ (L265P) | 794t>c (L265P) | BM
6 33 F Unmutated 790c>t (R264%*), PB 46% Mantle
) Cells,
793c>t(silent) confirmed by
FISH
7 73 M Unmutated 794t>¢ (L265P) PB
8 60 |F 794t>c (L265P) | 794t>c (L265P) | Paraffin
9 85 F Unmutated 794t>¢ (L265P) BM
10 68 | M 794t>¢ (L265P) | 794t>c (L265P) | BM
11 61 |M 794t>c (L265P) | 794t>c (L265P) | Paraffin
12 67 M Unmutated 794t>¢ (L265P) Paraffin, | 60%
Plasmacytoid
BM cells by bone
marrow biopsy,
but 4% by
Flow
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13 54 M Unmutated 790c>t (R264%), BM 2% MGUS by
793c>t(silent) Flow
14 75 M Unmutated 794t>c (L265P), BM 3%
. Lymphoplasma
793c>t(silent) cvtoid by Flow
15 78 F 794t>c¢ (L265P) | 794t>c (L265P) Paraffin
16 74 F Unmutated 794t>c (L265P) PB
17 77 F 794t>c¢ (L265P) | 794t>c (L265P) BM
18 69 M 794t>c¢ (L265P) | 794t>c (L265P) BM
19 48 M 794t>c¢ (L265P) | 794t>c (L265P) Paraffin
20 69 M 794t>c¢ (L265P) | 794t>c (L265P) BM
21 74 M Unmutated 794t>c (L265P) BM 11%
Lymphoplasma
cytoid by Flow
22 70 M Unmutated 794t>c (L265P) PB
23 76 M 794t>c¢ (L265P) | 794t>c (L265P) Paraffin
24 65 M Unmutated 794t>c (L265P) BM
25 42 M Unmutated 794t>¢ (L265P) Paraffin
26 75 F Unmutated 794t>c (L265P) BM
27 65 F 794t>c¢ (L265P) | 794t>c (L265P) Paraffin
28 63 F Unmutated 794t>c (L265P) BM
29 59 F Unmutated 794t>c (L265P) BM
30 74 M 794t>c¢ (L265P) | 794t>c (L265P) BM
31 76 M Unmutated 794t>c (L265P) BM
32 87 M Unmutated 794t>c (L265P) BM
33 71 M Unmutated 794t>c (L265P) BM
34 75 M 794t>c¢ (L265P) | 794t>c (L265P) BM 40%
Lymphoplasma
cytoid by Flow
35 83 M Unmutated 794t>c (L265P) BM 2%
Lymphoplasma
cytoid by Flow
36 32 M Unmutated 794t>¢ (L265P) Paraffin
37 81 M Unmutated 789g>a (silent) BM

Median abnormal neoplastic cells (determined by routine lab flow cytometry

data) for samples where mutation was detected by WTB-PCR but not T-PCR was 3%

(N=7 range=2-11%) (see Table 4). One outlier, sample 6 —with 46% mantle cell
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lymphoma cells (confirmed by FISH and flow cytometry data) and a R265%, 793c>t
dual mutation—was detected by WTB-PCR but not T-PCR (see Table 4). This likely
represented the presence of the mutation in a subclone of the lymphoma cells and a
transformation to DLBCL, ABC subtype.

Novel mutations, including R264*, 793¢>t, and 798c>t, were detected in 7/8 of
normal FFPE colon tissue samples and 3/12 in BM/PB/TC samples. No L265P
mutations were detected. Sequence artifacts occurred as a result of cytosine
deamination, as shown in FIG. 6A. Uracil-DNA Glycosylase (UDG) treatment greatly
reduced all sequence artifacts with the exception of R264* mutations (see FIG. 6B). All
samples indicating novel C:G>T:A mutations from FFPE have been omitted from the
mutation rate calculations because, based on this data, they were most likely artifacts.
The remaining novel mutations are from PB, BM, or TC and were not omitted due to
the fact that there was no evidence of induced sequence artifacts in unfixed material.

Given the 65% false negative report rate, WIB-PCR is clearly a superior
methodology for detecting MYD88 mutations than T-PCR in random clinical testing
when Sanger sequencing is used. Additionally, reproducibility within the technique (see
Table 4) demonstrates the assay’s accuracy. Routine lab flow data on patient material
indicates that low percentages of abnormal neoplastic cells are likely the reason for the
inability to detect MYD88 mutations in the majority of false negatives by T-PCR
(median abnormal cellularity is 3%). Given sensitivity levels of Sanger sequencing
following T-PCR (16% mutant allele in a background of WT allele), this low level
abnormal population possessing MYD88 mutations would not be detected, except by
WTB-PCR. The identification of MYDS88 mutation in the exceptional mantle cell
sample by WTB-PCR but not T-PCR indicates that only a sub-clonal population is
positive for the MYD88 mutation. The benefit of using WIB-PCR over AS-PCR is
clearly evident in the mutation frequency of R264* and discovery of two novel
synonymous substitutions (793¢>t and 798g>a). Using WTB-PCR, R264* in particular
was discovered in 6% of samples found positive for MYD88 mutations. This new rate
of observation warrants further investigation into the functional effect of this specific
type of mutation.

Sequence artifacts are frequently found in FFPE-derived DNA as a result of

cytosine deamination (C:G>T:A). Though the actual causes of cytosine deamination
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are poorly understood, any assay that greatly increases sensitivity (Next-generation
sequencing or AS-PCR) will detect these low frequency artifacts. The high rate of novel
mutations detected in normal FFPE tissue indicates that WTB-PCR is amplifying
template DNA with these artifacts. In order to reduce the number of artifact-induced
false positives but retain true mutations, we treated FFPE DNA with UDG prior to
WTB-PCR. It has been demonstrated that this treatment markedly reduces sequence
artifacts found in FFPE DNA while retaining true mutations. In our assay, this resulted
in reduction of all alternate mutations with the exception of R264* mutations (see FIG.
6B). We concluded that R264* mutations, which occur at a CpG dinucleotide, involve
methylated cytosine, which is deaminated to thymine rather than uracil and, therefore,
cannot be removed by UDG. CpG dinucleotides are sites of frequent mutation in the
human genome as a result of the modification of the 5’ cytosine by cellular DNA
methyltransferases and the consequent high frequency of spontaneous deamination of
5-methyl cytosine (SmC) to thymine. Since the same R264* mutations were detected
in fresh BM and PB, we also concluded that these are in fact very low frequency
spontaneous deamination events that should not be considered artifacts as a result of
formalin fixation. It is, however, difficult to discern the difference between artifacts and
real mutations in FFPE; for this reason, we have omitted all novel mutations in FFPE-
derived DNA from our results. When performing assays with high sensitivity (e.g.,
NGS or AS-PCR), an extraction methodology incorporating UDG treatment is highly
recommended but is not entirely sufficient at removing artifactual DNA.

Positive selection by WTB-PCR has demonstrated its ability to uncover low
frequency and novel mutations. Additional assays can also be developed to explore
more accurate mutation rates of other low frequency mutations that occur on other
exons. These include L103 and Q143 mutations, which have been reported in primary
central nervous system lymphoma. Accurate detection of abnormal neoplastic
lymphocytes in bone marrow or paraffin-embedded tissue can be difficult. Therefore,
establishing a system for the enrichment of mutations is invaluable in clinical testing.

Given the diagnostic, prognostic, and therapeutic purposes of MYD88 mutation
testing, the need for an accurate, high sensitivity assay—capable of being run in large
volume—is a necessity. Using WTB-PCR with Sanger sequencing has multiple

advantages in the clinical setting. Unlike allele-specific testing, WTB-PCR/Sanger
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testing allows the detection of undiscovered mutations and also provides adequate
internal controls for ruling out false positives. In conclusion, WTB-PCR with LNA
followed by sequencing provides a high sensitivity assay with several advantages over
other methods currently offered (AS-PCR). Its additional utility in revealing low
percentage mutant populations—most notably unexpected mutation types (R264%*,
793c>t)—is invaluable and will guide future research.

As previously noted, the examples described herein employing LNA blocking and
Sanger sequencing are not intended to be limiting. Rather, the approach using wild-
type blocking nucleotides to selectively amplify low-occurrence MYD88 mutations to
enhance the sensitivity for such mutations may be achieved using the general
principles described herein in conjunction with other artificial nucleotides (e.g., BNA,
PNA, XNA, etc.) and using other sequencing techniques as are known in the art,
including, but not limited to to next generation sequencing (NGS), polymerase chain
reaction (PCR), pyrosequencing, dye sequencing, sequencing by synthesis, and ion

semiconductor sequencing, and others.
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CLAIMS:

1. A method for screening and/or monitoring a patient for MYD88 mutations,
the method comprising:

isolating DNA from a sampling bone marrow aspirate (BM), fresh peripheral
blood (PB), and formalin-fixed, paraffin-embedded (FFPE) tissues sample obtained
from the patient suspected of having a condition associated with MYD88 mutations;

performing PCR on the extracted DNA to produce amplified DNA while
blocking amplification of wild-type DNA,;

sequencing the amplified DNA in an automated sequencer;

analyzing an output of the automated sequencer to identify mutations in the
sequence.

2. The method of claim 1, wherein the amplification of wild-type DNA is
blocked by a LNA oligo.

3. The method of claim 1, wherein the LNA oligo is
TCAGA+AG+C+G+A+C+T+G+HA+T+CC/invdT (SEQ ID NO. 5), which covers
amino acids Q262-1266.

4. The method of claim 3, wherein the LNA oligo is a 17mer with 10 LNA
bases that are denoted as “+N” and wherein the remaining 7 bases are ordinary DNA
nucleotides.

5. The method of claim 1, wherein the amplification of wild-type DNA is
blocked by a synthetic nucleotide selected from the group consisting of locked nucleic
acid (LNA), bridged nucleic acid (BNA), peptide nucleic acid (PNA), and XNA (xeno
nucleic acid.)

6. The method of claim 1, further comprising, prior to sequencing, applying a
uracil DNA-glycosylase treatment to the sample to remove sequence artifacts.

7. The method of claim 2, wherein the amplification is performed with the
following primers: tgt aaa acg acg gcc agt (SEQ ID NO. 1) and cag gaa aca gct atg
acc (SEQ ID NO. 2).

8. The method of claim 1, wherein the step of sequencing is performed using
a sequencing method selected from the group consisting of Sanger sequencing, next
generation sequencing, polymerase chain reaction, pyrosequencing, dye sequencing,

sequencing by synthesis, and ion semiconductor sequencing.
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9. A kit for diagnosing, monitoring and managing a patient with MYD88-
associated cancer, the kit comprising primers with SEQ ID NO. 1, SEQ ID NO. 2, and
a LNA oligo with SEQ ID NO. 5.
10. The kit of claim 9, wherein the MYD88-associated cancer is selected from
5  the group consisting of Waldenstrom’s Macroglobulinemia (WM), diffuse large B-
Cell lymphoma (DLBCL), monoclonal gammopathy of unknown significance

(MGUS), and splenic marginal zone lymphoma (SMZL).
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