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DIFFERENTIAL IDENTIFICATION OF PANCREATIC CYSTS 

[01] The invention was made with government support under CA 62924, CA 57345, and CA 

43460 awarded by National Institutes of Health. The government has certain rights in the 

invention.  

5 TECHNICAL FIELD OF THE INVENTION 

[02] This invention is related to the area of cancer management. In particular, it relates to the 

areas of prognosis and diagnosis.  

BACKGROUND OF THE INVENTION 

[02A] Reference to any prior art in the specification is not, and should not be taken as, an 

10 acknowledgment or any form of suggestion that this prior art forms part of the common 

general knowledge in Australia or any other jurisdiction or that this prior art could 

reasonably be expected to be ascertained, understood and regarded as relevant by a 

person skilled in the art.  

[02B] As used herein, except where the context requires otherwise the term 'comprise' and 

15 variations of the term, such as 'comprising', 'comprises' and 'comprised', are not 

intended to exclude other additives, components, integers or steps.  

[03] As the result of the increasing use of abdominal imaging in standard medical practice, 

pancreatic cysts are being identified with increasing frequency. Management of these 

cysts is concomitantly becoming a major clinical problem (1, 2). These lesions occur in 

20 more than 20% of patients examined at autopsy (3), in as many as 19.6% of patients 

evaluated by MRI (4-6), and as many as 2.6% of patients evaluated by CT (7, 8). In the 

vast majority of cases, the cysts are identified as incidental findings in patients 

undergoing imaging for symptoms unrelated to pancreatic pathology. But once a cyst is 

identified, it poses a challenging, life-long management problem (1, 2, 9-13). Some cyst 

25 types, are virtually always benign, some are low-grade malignant, and others are 

precursors to invasive pancreatic ductal adenocarcinomas (PDAs), and PDAs are 

associated with a dismal prognosis (14-17). The distinction among cyst types is therefore 

critical for the effective management of patients with pancreatic cysts. Unfortunately, it 
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is often difficult to determine the type of cyst from conventional clinical, radiographic, or 

cytologic findings (1, 2, 9-16, 17 ) 

[04] Approximately 40% of cysts are non-neoplastic "pseudocysts" that develop as a 

complication of alcoholic, biliary, or traumatic acute pancreatitis (14-16, 17 ). They are 

5 managed medically or by surgical drainage without resection. The neoplastic 
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cysts (60% of the total cysts) are predominantly of four types: intraductal papillary 

mucinous neoplasms (IPMNs), mucinous cystic neoplasms (MCNs), and serous 

cystadenomas (SCAs), and solid pseudopapillary neoplasms (SPNs) (18). SCAs, 

IPMNs, and MCNs are benign (i.e., non-invasive), but IPMNs and MCNs have the 

potential to progress to PDAs (i.e., become invasive lesions) if not surgically excised 

(17) . Based on the age of patients undergoing surgical resection, some reports have 

suggested that there is a 5-year lag time from diagnosis of a large non-invasive IPMN 

(average age 63.2 years) to diagnosis of an invasive cancer stemming from the IPMN 

(average age 68.1 years). This provides a broad time window for curative resection if 

premalignant cysts are accurately identified(19). SPNs are regarded as low grade 

malignant, but they can be cured by surgery if they are detected and removed prior to 

their widespread metastasis (20).  

[05] I PMNs are the most common type of neoplastic cyst, accounting for ~25% to 35% of 

the total cysts, while SCAs, MCNs, and SPNs account for - 20% ~10%, and ~5% of 

pancreatic cysts, respectively. SCAs (Fig. IA) are lined by cuboidal glycogen-rich 

epithelium with centrally placed round nuclei without atypia (17). SCAs (Fig. 1B) 

arise within the normal ductal system and are lined by columnar mucin-producing 

cells which often form large papillary projections into ductal lumina (1 7). The 

epithelium of SCAs is associated with a rich capillary network (21). MCN's (Fig.  

1C) are also lined by columnar mucin-producing cells, but in contrast to IPMNs, the 

neoplastic epithelium is associated with a characteristic ovarian-type stroma, and the 

cysts do not comnmunicate with the ductal system (17). MCNs nearly always occur in 

the body or tail of the pancreas in women, while I PMNs and SCAs can occur in any 

part of the pancreas and in both sexes. SPNs (Fig. iE, F) are technically solid tumors 

but the vast majority of them undergo cystic degeneration that clinically and 

radiographically mimic the other types of pancreatic cystic neoplasms (20). Like 

MCNs, they generally occur in women and do not communicate with the ductal 

system. Histologically, SPNs consist of uniform poorly cohesive cells supported by 

delicate small blood vessels. The neoplastic cells of SPNs do not have a normal 

counterpart in the normal pancreas.  

2
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[061 To date, a definitive diagnosis of neoplastic cyst type can usually only be obtained 

following histopathologic examination of surgically obtained specimens. The 

decision to surgically resect pancreatic cysts is based on the presumed type of cyst 

along with clinical parameters. Resection is performed on all cysts which are 

presumed to be SPNs. In contrast, cysts diagnosed as SCAs only require resection if 

they are large or cause symptoms. Finally, patients with presumptive MCN or IPMNs 

undergo surgery if they meet certain criteria such as rapid growth, or the presence of a 

mural nodule. (1, 2, 9-13). The pre-operative diagnosis of surgically-excised cysts 

has been shown to be erroneous in one third of cases, which can lead to unnecessary 

surgical procedures (22). For example, there is no need to excise small 

asymptomatic SCAs, as they have essentially no malignant potential (17). However, 

SCAs can be suspected to be IPMNs and therefore be surgically excised (1, 2, 22).  

Major surgical procedures are often required for removal of these cystic lesions, so 

more accurate pre-surgical diagnosis has the potential to reduce the cost, morbidity, 

and occasional mortality associated with unnecessary surgery.  

1071 Cyst fluids can easily and safely be obtained from patients with pancreatic cysts by 

endoscopic aspiration (23-28). These fluids are often acellular and therefore not 

typically useful for cytologic diagnosis. However, such fluids can be analyzed for the 

presence of biochemical abnormalities, including those of DNA, and have the 

potential to inform diagnosis and improve the management of patients with these 

lesions (23-28). To set the stage for future molecular genetics-based diagnostic 

assays, we have here determined the sequences of the exomes, including all annotated 

coding genes, of representative cases of all four types of neoplastic cysts.  

[08] There is a continuing need in the art to distinguish among cyst types without the need 

to obtain surgical samples for the effective management of patients with pancreatic 

cysts.  

SUMMARY OF THE INVENTION 

[091 According to one aspect of the invention a method is used to differentially identify a 

pancreatic cyst. Nucleic acids isolated from cyst fluid or epithelial cells of the 

3
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pancreatic cyst are tested for mutations characteristic of pancreatic cysts. At least one 

gene from each of the following groups is tested: 

a. VHIL; 

b. GNAS: 

c. RNF43, KRAS; and 

d. CTNNB!.  

The pattern of mutations indicates which type of pancreatic cyst it is.  

[101 According to another aspect of the invention a method is used to identify a pancreatic 

cyst as a serous cystadenoma. Nucleic acids isolated from cyst fluid or epithelial cells 

of the pancreatic cyst are tested for a mutation in VL. The presence of such a 

mutation indicates that the cyst is a serous cystadenoma.  

[111 Another aspect of the invention is a method of identifying a pancreatic cyst as either 

an intraductal papillary mucinous neoplasm or a mucinous cystic neoplasm. Nucleic 

acids isolated from cyst fluid or epithelial cells of the pancreatic cyst are tested for a 

mutation in RNF43 or KRAS. A mutation in one or both of the genes indicates an 

intraductal papillary mucinous neoplasm or a mucinous cystic neoplasm.  

[121 According to still another aspect of the invention a device can be used for 

differentially diagnosing pancreatic cysts. The device comprises a solid support 

comprising a set of oligonucleotides which are complementary to at least one gene 

from each of the following groups: 

a. VHL; 

b. GNAS; 

c. RNF43. KRAS; and 

d. CTNNWB.  

The oligonucleotides hybridize to regions containing or adjacent to mutation sites.  

The solid support comprises oligonucleotides complementary to less than 100 genes.  

[131 According to another aspect of the invention a kit aids in differentially diagnosing 

pancreatic cysts. The kit comprises a set of oligonucleotide primers or probes, which 

are complementary to at least one gene from each of the following groups: 

4
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a. VHL; 

b. GNAS; 

c. RNF43, KRAS; and 

d. C TNN YB i 

The oligonucleotides hybridize to regions containing or adjacent to mutation sites.  

The kit comprises oligonucleotides complementary to less than 100 genes.  

[141 These and other aspects, which will be apparent to those of skill in the art upon 

reading the specification, provide the art with methods and tools for better managing 

medical 

BRIEF DESCRIPTION OF TIE DRAWINGS 

[151 Fig. 1A- IF. Neoplastic cyst histopathology. Fig. IA. A typical SCA (SCA 38) 

shows centrally placed round nuclei without atypia (Scale bar: 100 p. Fig. 1B. A 

typical IPMN (IPMN 4) is lined by columnar mucin-producing cells which forms 

large papillary projections into the ductal lumen (Scale bar: 100 P). Fig. IC. A 

typical MCN (MCN) is also lined by columnar mucin-producing cells, but the 

neoplastic epithelium is associated with a characteristic ovarian-type stroma (Scale 

bar: 100 t).. Fig. I D. The same MCN after laser capture iicrodissection of the 

columnar mucin-producing cells (Scale bar: 100 p).. Fig. IE. Gross appearance of a 

typical cyst-forming SPN (SPN 2; Scale bar: 10 mm). Fig. IF. Under the 

microscope, SPN 17 shows poorly cohesive cells supported by a delicate stroma 

(Scale bar: 50 p).  

[161 Fig. 2. Losses of heterozygosity observed in neoplastic cysts of the pancreas. The 

lines indicate the observed regions of loss, with the different cyst types denoted by the 

indicated colors.  

[171 Fig. 3A-3C. Representative LOH data based on the sequence evaluation of genome

wide single nucleotide polymorphisms (SNPs). The positions of the telomeres of the 

short arm of each chromosome is indicated on the x-axis. The y-axis indicates the 

ratio of the two alleles of each SNP. In normal cells, this fraction is 0.5; in a pure 

neoplastic cell population, in which even cell loses one allele of a locus, the allele 
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ratio is 0.0. At a locus in which at least some neoplastic cells had undergone LOHl, 

allele ratios greater than 0.0 reflect non-neoplastic cells that "contaminated" the 

microdissected cell population plus the fraction of neoplastic cells which had not 

undergone LOH at that locus. Fig. 3A. SCA 40, exhibiting LOH of the region on 

chromosome the 3p containing the VIL gene. Fig. 3 B. IPMN 12, exhibiting LOH of 

the region on chromosome 17q containing the RNF43 gene. Fig. 3C. MCN 169, 

exhibiting LOH-I of the region on chromosome 17q containing the RNVF43 gene.  

[181 Fig, 4. Ligation assays used to confirm mutations in VHL and RN'F43. mutations.  

Each lane represents the results of ligation of one of four independent PCR products, 

each containing 100 template molecules. The ligation products are then size

separated on a denaturing acrylamide gel. The green bands are 6-carboxyfluorescein

labeled oligonucleotide probes that ligate to an unlabeled oligonucleotide when wild

type (WT) alleles are present. The red bands are hexachlorofluoreseein-labeled 

oligonucleotide probes that ligate to the same unlabeled oligonucleotide only when 

mutant (MUT) alleles are present. The WT- and NMUT-specific oligonucleotide 

probes were of different lengths (~32 and ~12 bases, respectively), so they migrated 

at different positions in the acrylamide gel. The cyst samples and mutations assessed 

are indicated.  

[19] Fig. 5 (Table 1) recurrent genetic alterations in neoplastic cysts of the pancreas 

[201 Fig. 6. Dataset 4. Somatic mutations identified in neoplastic cysts of the pancreas 

1211 Fig. 7. Dataset 5. Somatic mutations in SCAs identified through VHL-specific 

capture and sequencing 

[221 Fig. 8. Dataset 6. Oligonucleotides used for ligation assays.  

DETAILED DESCRIPTION OF TIE INVENTION 

[231 The inventors have developed a set of markers which can be used to distinguish 

between various types of pancreatic cysts. The distinctions can be determined using 

cyst fluid and/or using epithelial cells from the cyst. Thus a surgical sample is not 

required. By testing nucleic acids obtained from the cyst fluid or cells, a panel of 
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genes have been identified which are the target of certain types of mutation. These 

mutations identify the genes as important in the process of neoplastic development.  

While certain types of mutations have been identified, other mutations or epigenetic 

changes in the same markers may accomplish the same neoplastic result.  

[241 Nucleic acids can be obtained from either cyst fluid or epithelial cells from the cyst.  

Any test for a substitution mutation, such as a nonsense or missense mutation, can be 

used. Sequence determination can be used to test for a mutation. Loss of 

heterozygosity at one of the genes can also be determined. Other mutations that may 

be tested for and found include frameshifts, splice site, deletions, or translocations.  

Any test for these genetic events may be used, including those based on hybridization, 

extension, synthesis, ligation, and amplification. Testing for epigenetic silencing of 

these genes may also be used. This may involve a change in a methylation pattern 

such that a gene is expressed nuch less robustly than in other cells of the body.  

Typically the mutations that are identified will be somatic mutations. This can be 

determined by comparing the test pancreatic cyst nucleic acids to nucleic acids from 

other parts of the body, such as blood cells. Any means for testing mutations as are 

known in the art may be used, without limitation.  

[251 According to the results reported below, recurrent mutations in VHL have been found 

exclusively in SCA(serous cystadenomas). Mutations in RNF43 and KRA S have been 

found in both IPMN (intraductal papillary mucinous neoplasms) and MCN (mucinous 

cystic neoplasms). And mutations in CTNNvBI have been found exclusively in SPN 

(solid pseudopapillary neoplasms). Mutations in GNAS have been previously found 

in IPMN (intraductal papillary mucinous neoplasms). Thus running these markers in 

a battery can very clearly identify the type of cyst and the likelihood of progression.  

Any single one of these genes may be tested. Any combination of two or more of 

these genes may be used in a panel.  

[26] The battery of genes can conveniently be made into a device which comprises a solid 

support with oligonucleotide probes or primers attached to the solid support. The 

oligonucleotides can represent different parts of the genes and can represent different 

mutant forms. Test can be performed to see if certain mutants are present or to see if 
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certain parts of the gene are missing. Tests can be performed to see if all or part of 

the gene is adjacent to a different gene or genomic region. For epigenetic silencing, 

amount of mRNA or cDNA made from mRNA can be assessed by hybridization to a 

solid support. Typically the device will be for the specific purpose of testing for 

mutations in pancreatic cysts and will contain a limited number of genes, rather than 

an entire genome or exome of genes. For example, there may be less than 500, less 

than 400, less than 300, less than 200, less than 100, less than 75, less than 50, less 

than 25, or less than 10 genes probes or primers on the solid support. Solid supports 

may be microarrays, chips, wells, beads, or other suitable format.  

[271 Similarly, a kit can be made for the purpose of identifying a type of pancreatic cyst.  

The kit may or may not comprise a solid support. Other forms of primers or probes 

may be used, such as solution phase primers or probes. Test can be performed to see 

if certain mutants are present or to see if certain parts of the gene are missing. Tests 

can be performed to see if all or part of the gene is adjacent to a different gene or 

genomic region. For epigenetic silencing, amount of mRNA or cDNA made from 

mRNA can be assessed by hybridization to a probe. Typically the kit will be for the 

specific purpose of testing pancreatic cysts and will contain a limited number of 

genes, rather than an entire genome or exome of genes. For example, there may be 

less than 500, less than 400, less than 300, less than 200, less than 100, less than 75, 

less than 50, less than 25, or less than 10 genes probes or primers in the kit. Without 

limitation, the oligonucleotide probes and primers may be selected from those shown 

in Fig. 8 (dataset 6). Any of the mutations identified in Fig. 5 (Table 1) or Fig. 6 

(dataset 4) or Fig. 7 (dataset 5) can be tested for. The genes may also be interrogated 

for other mutations.  

1281 The results described above have implications for both basic and applied research. It 

is fascinating that all four types of cysts are associated with defects in genes that are 

either components of ubiquitin ligase complexes (SCAs, IPMNs, MCNs) or that 

render them resistant to degradation by such complexes (SPNs). RNF43, genetically 

inactivated in both types of mucinous cysts (IPMNs and MCNs), has intrinsic E3 

ubiquitin ligase activity (46). There has been relatively little research on this gene's 

product, though it has been shown to be present in a complex that regulates p53

8
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mediated apoptosis (60). Based on these past studies, it is likely that the tumor 

suppressor effects of the wild-type RAF43 gene product are a result of its ubiquitin 

ligase activity. To confirm this hypothesis, it will be important to determine the 

proteins which protein RNF43 ubiquinates in vivo as well as to demonstrate that such 

ubiquitination is essential for its tumor suppressive role.  

[291 In contrast, V7L. has been the subject of intense research since its identification as the 

gene responsible for the VHL syndrome (61). The most well-studied function of VHL 

involves its role in angiogenesis (62) (63). When cells are well-oxygenated, prolyl 

hydroxylation of HIFa proteins leads to their binding to VIHL. VHL then recruits a 

ubiquitin (Ub) ligase complex that leads to the ubiquitination and subsequent 

degradation of HIFa. When VHL is inactivated, HIFi proteins are stabilized, 

resulting in the expression of numerous genes that stimulate angiogenesis even when 

cells are well-oxygenated.  

[301 There are at least two ways in which V/IL mutations might stimulate SCA formation.  

First, it has been noted that there is a rich capillary network within SCAs, 

presumably a result of the abnormal activation of HIFa. This network could disturb 

local hemodynamics, facilitating the production of cyst fluid, and the increased local 

concentration of growth factors could stimulate epithelial cell proliferation (21) A 

second possibility involves the stabilization of microtubules. which is a well

documented but less extensively studied function of the VHL protein (64, 65). In the 

absence of VH1L, primary cilia are absent or defective (66). In view of abundant 

evidence linking certain types of cysts to defects in primary cilia, it has been 

suggested that the microtubule-stabilization function of V-IL is key to its role in 

suppressing cysts (66). Several mouse models in which the VHL gene has been 

inactivated develop various cysts (though not SCAs) (67-70) suggesting fertile 

avenues for future research on this topic.  

[31] Our results also have potentially important diagnostic implications. As mentioned in 

the Introduction, the distinction between various types of cysts prior to surgical 

intervention is critically important for patient management (1, 2, 9-16, 17 ). Cyst 

fluid can be readily obtained from such patients and subjected to analytical assays 

9
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(22, 23, 26, 27, 71-73). Our results show that the analysis of only five genes - ViL, 

RNF43, CTINB, GN1 AS, and KRAS - can usually distinguish between cyst types 

(Table 1): all eight SCAs had intragenic mutations of VIL or losses of heterozygosity 

in or adjacent to VIL and did not contain mutations of the other four genes; all eight 

IPMNs had alterations of RNF43. GTAS. or KRAS, and never had VHL or 

CTNN1mutations; MCNs always harbored KRAS or RNF43 mutations but never 

contained GNAS, CTNBI1 or P7-L mutations; and SPNs always contained 

CTNNvB1mutations and never contained mutations of the other four genes. When 

combined with clinical and radiologic data, the molecular genetic analysis of cyst 

fluid could thereby lead to more accurate diagnosis. For IPMNs and MCNs. it will 

be important to determine whether the number and type of genetic alterations in 

GNAS RNF43, and other genes can be used to help gauge the risk for progression to 

invasive cancers. The examination of a large number of cyst fluid samples from 

patients with all four cyst types will be required to determine the added value of 

molecular genetic analyses for these and other diagnostic purposes.  

1321 The above disclosure generally describes the present invention. All references 

disclosed herein are expressly incorporated by reference. A more complete 

understanding can be obtained by reference to the following specific examples which 

are provided herein for purposes of illustration only, and are not intended to limit the 

scope of the invention.  

EXAMPLE I 

MATE RI ALS AND ME.THO[)S 

Patients and specimens 

[331 The present study was approved by the Institutional Review Boards of Johns Hopkins 

Medical Institutions, Memorial Sloan Kettering Cancer Center, Wayne State 

University Emory University and the University of Indiana. Lesions were classified 

as IPMNs, MCNs, SPNs or SCAs using standard criteria (74). None of the patients 

with SCAs had clinical features of the VHL syndrome and all of the SPNs were Stage 

11, pTO2NM0 (74). IPMNs were subtyped by internationally accepted criteria (75).  

10
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[34] Fresh-frozen tissue specimens of surgically resected cystic neoplasms of the pancreas 

were obtained through the prospectively maintained Johns Hopkins Surgical 

Pathology Tumor Bank and from collaborating institutions (Memorial Sloan Kettering 

Cancer Center, Emory University, the University of Utrecht and Wayne State 

University). IPMNs, SCAs, SPNs and two MCNs specimens were microdissected 

using a razor blade. In these cases, serial frozen sections were used to guide the 

trimming of OCT embedded tissue blocks. In cases in which an invasive carcinoma 

was associated with the cystic lesion, only the cystic lesion was harvested. Matched 

normal pancreatic or splenic tissues of each cyst type were similarly microdissected.  

Six MCN s were characterized by a particularly abundant ovarian-like stroma 

underneath the neoplastic epithelium(example in Fig. IC), necessitating laser capture 

microdissection (LCM). An average of 50-75 frozen sections (10 prn each) were 

placed onto UV-treated PALM membrane slides (Carl Zeiss Nicrolmaging, Inc., 

Thormnwood, NY). After washing in 70% ethanol and standard hematoxylin and Cosin 

staining, sections were subjected to LCM on a PALM Micro Beam System (Carl 

Zeiss MicroImaging, Inc., Thornwood, NY) (Figure 1). On average, 5.000 to 10.000 

cells were collected from each lesion. Total time of microdissection for each slide was 

15 minutes, to minimize DNA degradation.  

[35] Pancreatic cyst fluids were harvested in the Surgical Pathology suite from surgically 

resected pancreatectomy specimens with a sterile syringe. Aspirated fluids were 

stored at -80 0 C within 30 min of resection.  

DNA purification 

[361 DNA was purified from cyst walls using an AlIPrep kit (Qiagen) according to the 

manufacturer's instructions. DNA was purified from 250 pL of cyst fluid by adding 3 

ml RLTM buffer (Qiagen) and then binding to an AllPrep DNA column (Qiagen) 

following the manufacturer's protocol. DNA was quantified in all cases with qPCR, 

employing the primers and conditions previously described(76).  
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Library preparation 

[371 Libraries were prepared following Illumina's (Illumina, San Digeo, CA) protocol, 

modified as previously described (77). In brief, (1) 1-3 micrograms (pg) of genomic 

DNA in 100 microliters (pl) of TE was fragmented in a Covaris sonicator (Covaris, 

Woburn, MA) to a size of 100-500 bp. To remove fragments shorter than I 50bp, 

DNA was mixed with 25pl of 5 x Phusion [FI buffer, 4 16pl of ddl-120, and 84 ul of 

NT binding buffer and loaded into NucleoSpin column (cat# 636972, Clontech, 

Mountain View, CA). The column was centrifuged at 14,000 g in a desktop 

centrifuge for 1 min, washed once with 600 p1 of wash buffer (NT3 from Clontech), 

and centrifuged again for 2 min to dry completely. DNA was eluted in 45 pl of 

elution buffer included in the kit. (2) Purified, fragmented DNA was mixed with 40 

pl of [120, 10 pl of End Repair Reaction Buffer, 5 pl of End Repair Enzyme Mix 

(cat# E6050, NEB, Ipswich, MA). The 100 pl end-repair mixture was incubated at 

20'C for 30 min, purified by a PCR purification kit (Cat # 28104, Qiagen) and eluted 

with 42 pl of elution buffer (EB). (3) To A-tail, all 42 pl of end-repaired DNA was 

mixed with 5 pl of IOX dA T'ailing Reaction Buffer and 3 pl of Klenow (exo-) (cat# 

E6053, NEB, Ipswich, MA). The 50 lI mixture was incubated at 37'C for 30 min 

before DNA was purified with a MinElute PCR purification kit (Cat # 28004, 

Qiagen). Purified DNA was eluted with 25 pl of 70 C EB. (4) For adaptor ligation, 

25 pl of A-tailed DNA was mixed with 10 pl of PE-adaptor (Illurnina), 10 p] of 5X 

Ligation buffer and 5 pl of Quick T4 DNA ligase (cat# E6056, NEB, Ipswich, MA).  

The ligation mixture was incubated at 20 0C for 15 min. (5) To purify adaptor- ligated 

DNA, 50 pl of ligation mixture from step (4) was mixed with 200 p1 of NT buffer and 

cleaned up by NucleoSpin column. DNA was eluted in 50 l elution buffer. (6) To 

obtain an amplified library, ten PCRs of 50 pl each were set up, each including 29 pl 

of H20, 10 pl of 5 x Phusion HF buffer, 1 ul of a dNTP mix containing 10 mM of 

each dNTP, 2.5 pl of DMSO, I pl of Iliumina PE primer #1, 1 pl of Illumina PE 

primer #2, 0.5 pl of Hotstart Phusion polymerase, and 5 l of the DNA from step (5).  

The PCR program used was: 980 C 2 minute; 6 cycles of 98'C for 15 seconds, 65'C 

for 30 seconds, 72'C for 30 seconds; and 72TC for 5 min. To purify the PCR product, 

500 pl PCR mixture (from the ten PCR reactions) was mixed with 1000 ul NT buffer 
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from a NucleoSpin Extract 11 kit and purified as described in step (1). Library DNA 

was eluted with 70C elution buffer and the DNA concentration was estimated by 

absorption at 260 nm.  

Exome and targeted subgenomic DNA capture 

[381 Human exome capture was performed following a protocol from Agilent's SureSelect 

Paired-End Target Enrichment System (All Exon 50 Mb kit, Agilent, Santa Clara, 

CA) modified as previously described (77). (1) A hybridization mixture was prepared 

containing 25 L of SureSelect [lyb # 1, 1 il of SureSelect Hyb # 2, 10 pl of 

SureSelect 1-y b # 3, and 13 pl of SureSelect Hyb # 4. (2) 3.4 P] (0.5 pg) of the PE

library DNA described above, 2.5 pl of SureSelect Block #1, 2.5 ul of SureSelect 

Block #2 and 0.6 L of Block #3; was loaded into one well in a 384-well Diamond 

PCR plate (cat# AB- 1111, Thermo-Scientific, Lafayette, CO), sealed with microAmp 

clear adhesive film (cat# 4306311; ABI, Carlsbad, CA) and placed in GeneAmp PCR 

system 9700 thermocycler (Life Sciences Inc., Carlsbad CA) for 5 minutes at 950 C, 

then held at 65C (with the heated lid on). (3) 25-30 PI of hybridization buffer from 

step (1) was heated for at least 5 minutes at 650 C in another sealed plate with heated 

lid on. (4) 5 ul of SureSelect Oligo Capture Library, I pl of nuclease-free water, and 

I u. of diluted RNase Block (prepared by diluting RNase Block 1: 1 with nuclease

free water) were mixed and heated at 65C for 2 minutes in another sealed 384-well 

plate. (5) While keeping all reactions at 650 C, 13 pl of Hybridization Buffer from 

Step (3) was added to the 7 u1 of the SureSelect Capture Library Mix from Step (4.) 

and then the entire contents (9 ul) of the library from Step (2). The mixture was 

slowly pipetted up and down 8 to 10 times. (6) The 384-well plate was sealed tightly 

and the hybridization mixture was incubated for 24 hours at 65'C with a heated lid.  

1391 After hybridization, five steps were performed to recover and amplify captured DNA 

library: (1) Nagnetic beads for recovering captured DNA: 50 pl of Dynal MyOne 

Streptavidin C1 magnetic beads (Cat # 650.02, Invitrogen Dynal, AS Oslo, Norway) 

was placed in a 1.5 ml microfuge tube and vigorously resuspended on a vortex mixer.  

Beads were washed three times by adding 200 pl of SureSelect Binding buffer, mixed 

on a vortex for five seconds, and placed in a Dynal magnetic separator to remove the 
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supernatant. After the third wash, beads were resuspended in 200 Il of SureSelect 

Binding buffer. (2) To bind captured DNA, the entire hybridization mixture 

described above (29 'LI) was transferred directly from the thermocycler to the bead 

solution and mixed gently; the hybridization mix/bead solution was incubated in an 

Eppendorf Thermomixer at 850 rpm for 30 minutes at room temperature. (3) To wash 

the beads, the supernatant was removed from the beads after applying a Dynal 

magnetic separator and the beads were resuspended in 500 il SureSelect Wash Buffer 

#1 by mixing on a vortex mixer for 5 seconds and incubated for 15 minutes at room 

temperature. Wash Buffer #I was then removed from the beads after magnetic 

separation. The beads were further washed three times, each with 500 pl pre-warmed 

SureSelect Wash Buffer #2 after incubation at 650 C for 10 minutes. After the final 

wash, SureSelect Wash Buffer #2 was completely removed. (4) To elute captured 

DNA, the beads were suspended in 50 pl SureSelect Elution Buffer, vortex-mixed and 

incubated for 10 minutes at room temperature. The supernatant was removed after 

magnetic separation, collected in a new 1.5 ml microCentrifuge tube, and mixed with 

50 pl of SureSelect Neutralization Buffer. DNA was purified with a Qiagen Minlute 

column and eluted in 17 LI of 70C EB to obtain 1 5 pl of captured DNA library. (5) 

The captured DNA library was amplified in the following way: 15 PCR reactions 

each containing 9.5 pl of H20, 3 1 of 5 x Phusion HF buffer. 0.3 pl of 10 mM dNTP, 

0.75 pl of DMSO, 0.15 Pl of Illumina PE primer #1, 0.5pl of Illumina PE primer #2.  

0.15 l of Hotstart Phusion polymerase, and 1 pl of captured exomne library were set 

up. The PCR program used was: 98oC for 30 seconds; 14 cycles of 98C for 10 

seconds, 65C' for 30 seconds, 72TC for 30 seconds and 72C for 5 min. To purify 

PCR products, 225pl PCR mixture (from 15 PCR reactions) was mixed with 450 I-l 

NT buffer from NucleoSpin Extract II kit and purified as described above. The final 

library DNA was eluted with 30 pl of 7OoC elation buffer and DNA concentration 

was estimated by OD260 measurement.  

[40] We found that KRAS sequences were not efficiently captured by the All Exon 50 Mb 

kit, with coverage often less than 10 per base. KRAS was therefore additionally 

assessed using the ligation assay described below. All KRAS mutations identified by 

Illumina sequencing were confirmed by ligation, and four additional KRAS mutations 
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were identified (IPMN 11, 20, 26, and 36). These four mutations are included in 

Table S4, with the quantification provided by digital ligation. Libraries for capturing 

VHL exons were generated as described above. The libraries were captured as 

described in (78) using probes designed as described in (79) and (41).  

Somatic mutation identification 

[411 Captured DNA libraries were sequenced with the Illumina GAIIx/HiSeq Genome 

Analyzer, using 1 lane per sample, yielding 150 (2 X 75) base pairs from the final 

library fragments. Sequencing reads were analyzed and aligned to human genorne 

hg 18 with the Eland algorithm in CASAVA 1.7 software (llumina). Duplicate tags 

were removed and a mismatched base was identified as a mutation only when (i) it 

was identified by more than five distinct tags; (ii) the number of distinct tags 

containing a particular mismatched base was at least 20% of the total distinct tags; 

and (iii) it was not present in >0.1% of the tags in the matched normal sample and (iv) 

was not present in SNP databases (dbSNP Build 134 Release, from the National 

Library of Medicine of the National Institutes of Heatlh and from 1000genomes).  

CHASM values were determined as previously described (45).  

[42] To identify LOH-1, we evaluated all heterozygous positions identified in the matched 

normal sample of each cyst. The "minor allele" of each SNP represents the allele that 

was less common in the tumor. If both alleles of the SNP were represented by an 

equal number of tags, the minor allele fraction would be represented by 0.5 on the y

axis. Copy number analyses was performed via digital karyotyping (29), binning the 

number of reads mapping to each gene captured by the SureSelect Oligo Capture 

Library, 

Ligation assays 

[43] PCR products containing relevant portions of VHL, RNF43, and KRAS were 

amplified using the primers described in Table S6, using previously described 

15



WO 2013/074438 PCT/US2012/064629 

conditions (41) Each 10-ul PCR contained 1 to 100 template molecules in 5 ul of 2x 

Phusion Flash PCR Master Mix (New England Biolabs)and final concentrations of 

0.25 uM forward and 1.5 uNi reverse primers. The sequences of the primers used for 

VHL and RNF43 amplification are provided in Table S6; the KRAS primers have 

been described previously (41). The following cycling conditions were used: 98 C for 

2 min; 3 cycles of 980 C for 10 see., 69C for I5sec, 720C for 15 sec; 3 cycles of 98'C 

for 10 sec., 66'C for 15sec, 72oC for 15 see; 3 cycles of 98"C for 10 sec., 63C for 

15sec, 720C for 15 see; 41 cycles of 980 C for 10 sec., 60'C for 60sec. Reactions were 

performed in at least quadruplicate and each was evaluated independently. Five ul of 

a solution containing 0.5 ul of Proteinase K, (18.8 mg/ml, Roche,) and 4.5 ul of dH2O 

was added to each well and incubated at 60'C for 30 minutes to inactivate the Phusion 

polymerase and then for 10 min at 98 C to inactivate the Proteinase K.  

[44] The ligation assays (441) were based on previously described techniques employing 

thernotolerant DNA ligases (80). Each 10-ul reaction contained 2-ul of PCR_ product 

(unpurified), I ul of 10 x Ampligase buffer (Epicentre), 0.5 ul of Ampligase (5U/ul, 

Epicentre), anchoring primer (final concentration 2 uM), WT-specific primer (final 

concentration 0.1 uM), and mutant-specific primer (final concentration 0.025 uM).  

The sequences of the probes used for VHL and RN F43 ligation assays are provided in 

Table S6; the KRAS probes have been described previously (41). The following 

cycling conditions were used: 95C for 3 min; 35 cycles of 95C for 10 sec., 37 C for 

30sec, 45'C for 60 sec. Five ul of each reaction was added to 5 ul of formamide and 

the ligation products separated on a 10% Urea-Tris-Borate-EDTA gel (Invitrogen) 

and imaged with an Arnersharn-GE Typhoon instrument (GE Healthcare).  

Statistical Analysis 

[45] All values listed as "A + B" in the text correspond to the mean (A) and standard 

deviation (1). Two-tailed t-Tests assuming unequal sample variances were used to 

compare distributions unless otherwise noted in the text. P-values were calculated 

with the data interface available at (http://faculty.vassar.edu/iowr!assarStats.html).  
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EXAMPLE 2 

[461 Experimental design. Neoplastic cysts are composed of a mixture of neoplastic 

epithelial cells and non-neoplastic cells (stromal, vascular, and inflammatory(17)) 

(Fig. 1). To maximize our ability to detect mutations, we carefully microdissected the 

neoplastic epithelial cells from the non-neoplastic cells. This was most difficult in the 

MCNs because of the cellular ovarian-type stroma present in these lesions (Fig.  

IC,D). Following microdissection, the neoplastic cell content of each of the cyst 

samples analyzed in this study was at least 33%.  

1471 DNA from 32 microdissected cysts, eight of each of the four types, as well as 

matched DNA from normal tissues of the same patients, was used in this study. The 

clinical and histopathologic characteristics of the patients and their cystic lesions are 

detailed in Table S1. The DNA was ligated to adapters and amplified using standard 

Illumina protocols. The amplified DNA was then captured with a 50 MB SureSelect 

Enrichment System. The captured DNA includes more than 20,000 coding genes plus 

all miRNAs in miRflase, v.13. Sequencing was performed to relatively high depth on 

Illumina GAII or HiSeq instruments (average unique coverage of 120 fold ± 40 per bp 

in the 64 libraries [32 from cyst DNA, 32 from matched normal DNA], Table S2).  

This level of sequence coverage confers a >99% probability of detecting clonal, 

heterozygous mutations present in DNA from cyst samples containing >33% 

neoplastic cells.  

EXAMPLE 3 

[481 Analysis of SCAs. Using single nucleotide polymorphisms in the sequences 

captured by the SureSelect Enrichment System, we were able to identify 15,190 ± 428 

heterozygous variants in the matched normal DNA samples of the eight SCA patients.  

Loss of heterozygosity (LOH) of at least one chromosomal region was identified in 

each of the eight SCAs studied (Fig. 2, Table S3 ). The maximum degree of LOH 
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(70% 13%) confirmed the high fraction of neoplastic cell content achieved upon 

microdissection. The only region that was lost in the majority of SCAs was on 

chromosome 3p (Fig. 2, example in Fig. 3A). Seven of the eight SCAs lost 

chromosome 3p alleles, with the losses demarcated by bases 9,934,713 to 12,850,443.  

To determine whether this LOH was associated with reduplication of the remaining 

allele, we compared the copy number of all sequences lying within the regions of 

LOH to those of all other chromosomal regions in the same cysts. This was 

accomplished by comparing normalized tag counts through digital karyotyping (29) 

as explained in the Materials and Methods section. This analysis showed that in all 

seven SCAs exhibiting LOH of chromosome 3p, only one copy of chromosome 3p 

sequences remained in the tumor (assuming that the rest of the genome was on 

average diploid rather than polyploid).  

[491 We have previously described methods for the reliable identification of somatic 

mutations in next-generation sequencing data obtained from Illumina instruments (30, 

31). Using stringent criteria to avoid false positive calls, we identified a total of 79 

non-synonymous somatic mutations distributed within 71 genes among the eight SCA 

tumors (Table S4). There were an average of only 10 ± 4.6 nonsynonymous somatic 

mutations per tumor, far less than observed in PDAs (48 23 per tumor (32) 

(p<0.001).  

[501 There were only two genes mutated in more than one SCA (Table S4). One of these 

was TBCJD3 (TBCI domain family member 3F), in which two missense mutations 

were observed (Table S4). This gene encodes a protein that stimulates the GTPase 

activity of RAB5A, which is important for early endosome trafficking (33) (34).  

Oncogenic properties of TBC 1D3 have been demonstrated previously in vitro and in 

mouse models, and the TBCID3 locus is amplified in 15% of primary prostate 

tumors (35) (36). However, whether the two TBCID3 mutations we identified are 

drivers or passengers (defined as mutations that did or did not directly contribute to 

oncogenesis, respectively) is not known. In contrast, the von Hippel-Lindau gene 

VH7L, located on chromosome 3p at position 10,158,319-10,168,746, is a bona fide 
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tumor suppressor gene (37), and four of the SCAs contained mutations in this gene 

(N78S in SCA 23, W117L in SCA 35, C162W in SCA 38, and S80R in SCA 40 

[Table S4]). Three of these four (SCA 23, 38, and 40) showed evidence of LOH of 

the VHIL chromosomal region (Table S3. Interestingly, the four tumors without 

detectable mutations of VHL (SCA 14, 27, 29, and 37) had lost one allele of 

chromosome 3p within or adjacent to V71L (Fig. 2 and Table S3). We speculate that 

in these four cases, the ViL gene was inactivated by genetic alterations, such as 

deletions or translocations, not detectable by sequencing or by epigenetic mechanisms 

such as those responsible for VHL silencing in renal cell carcinomas (38).  

[511 Serous cystadenomas have been identified in more than 15% of patients with the VHL 

syndrome, a disease that predisposes to renal cell carcinomas (RCCs) and other tumor 

types (39) (40). Of note, SCAs share several histomorphologic characteristics with 

RCCs including excessive glycogen production and a distinctive recruitment of 

vasculature (angiogenesis) All four mutations in I/HL identified in SCAs were 

identical to ones previously identified in renal cell carcinomas 

(http://www.sanger.ac.uk/genetics/CGiP/cosmic/); three of the four were identical to 

ones previously described in the germline of VHL syndrome patients and the fourth 

(WI 17L) was at the same amino acid position found to be mutated in the germline of 

1VIlL patients (http://x -ww.umd.be/IHL/). This provides conclusive evidence of the 

inactivating nature of these mutations in human cells. In each of these four cases, we 

additionally confirmed that the VEIL mutations in the cysts were somatic using 

independent, ligation-based assays (Fig. 4A) 

1521 To our knowledge, no mutations of VHL, or any other gene, have been identified in 

the fluids obtained from SCA cysts. Demonstration of such mutations in samples 

obtained by fine needle aspiration could be useful from a diagnostic standpoint, as 

discussed in the Introduction. To determine whether VHL mutations could be 

identified in the fluids from SCAs, we designed a customized chip containing VHL 

gene sequences and used it to capture libraries from the DNA of 18 SCA cyst fluids.  

In nine (50%) of these cases, we identified point mutations in VH1L (Table S5). Four 

of the mutations were predicted to inactivate the encoded protein's function, as two 

produced nonsense codons, one was a I-bp deletion producing a frameshift, and one 
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altered the splice donor site. Of the five missense mutations, four were identical to 

those observed in the germline of patients with VHL Syndrome. Similar capture of 

VHL genes from 28 IPMNs and three MCNs revealed no VHL mutations.  

EXAMPLE 4 

[531 Analysis of I PMNs. In a previous study, in which we analyzed 169 well-annotated 

cancer genes, we identified recurrent mutations of GNAS and KRAS in JPMN 

samples, and showed that these mutations were present in 66% and 81% of IPMNs, 

respectively (41). KRAS mutations had previously been identified in IPMNs as well 

as in PDAs (42) (43) To extend these analyses, we performed whole exome 

sequencing on DNA from eight microdissected high-grade 1PMNIs and matched 

normal tissues.  

[541 LOH of at least one chromosomal region was identified in seven of the eight IPMNs 

(Fig. 2, Table S3). No losses of the region containing the VHL gene were identified.  

The most commonly deleted region was on chromosome 17q, demarcated by nt 

53,790,884 to 53,939,507, observed in four of the eight samples (Fig. 2, Table S3, 

example in Fig. 3B). Digital karyotyping showed that in these four cases, the LOH 

events were not associated with reduplication of the deleted chromosome 17q region.  

[551 Using the same criteria described above for SCAs to identify somatic mutations, a 

total of 211 non-synonymous mutations within 191 genes were identified among the 

eight IPMNs (Table S4). There were 26 + 12 non-synonymous somatic mutations 

per tumor (Table Sl), more than twice the number in SCAs (p<0.001) and -~ half as 

many as found in PDAs (p<0.001I).  

[561 There were six genes that were mutated in more than one of the eight IPMNs (Table 

S4). As expected, both KRAS and G NAS mutations were common, each identified in 

five tumors and always at codons 12 and 201, respectively (Table S4). Two 

mutations in APC were observed. APC is a well-known tumor suppressor gene 

whose mutations usually initiate colorectal tumorigenesis(44). One of the APC 
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mutations was a nonsense base substitution (R450X in IPMN 4), typical of the 

inactivating mutations that occur in the germline of patients with colorectal cancers 

(http :/iwww .umd.be/APC/). The second was a missense substitution (R99W in Cyst 

21) whose functional effects, if any, are unknown. Two different IPMNs had 

mutations in OBFCi (oligonucleotide/oligosaccharide-binding fold containing 1) and 

two others had mutations in CACAN II (calcium channel, voltage-dependent, T type, 

alpha 11 subunit). There are no genetic or functional data irnplicating these two 

genes in neoplastic processes. CHASNI analysis (45), which determines the 

probability that a given mutation alters the structural or biochemical properties of a 

protein, showed that the missense mutations in OBFC 1 and CACAN 11, as well as the 

one in APC, were not very likely to alter the function of the encoded proteins and may 

have been passengers. The CHASM scores of all missense mutations identified in 

this study are provided in Table S3.  

[571 The most commonly mutated gene in IPMNs was RNF43, which is located on 

chromosome 17, nt 53,786,037 to 53,849,930, within the small region of chromosome 

I 7q suffering LOH in IPMNs (Table S3). The protein encoded by RNF43 has been 

shown to have intinsic E3 ubiquitin ligase activity (46). RNF43 was mutated in six of 

the eight tumors, including all four that had undergone chromosome 17q LOH. Five 

of the six mutations were base pair substitutions resulting in nonsense codons (Table 

S4). Based on the number and type of mutations in this gene, the probability that it 

functioned as a passenger was extremely low (<10-12., binomial test). Each of the six 

RNF43 mutations was confirmed by an independent, ligation-based assay (Fig. 4) 

Though expression of RNF43 has been shown to be correlated with increased cell 

growth (47), the inactivating mutations of this gene in IPMNs leave little doubt that it 

suppresses neoplasia in pancreatic ductal epithelial cells.  

EXAMPLE 5 

[58] Analysis of MCNs. Relatively few LOH events were identified in the MCNII's 

compared to IPMNIs (Fig. 2, Table S3). Only one region was lost in more than one 
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tumor, and this region was on chromosome 17q and included the RNF[43 gene 

(example in Fig. 3C).  

[59] A total of 128 non-synonyrnous somatic mutations distributed within 115 genes were 

identified among the eight MCNs (Table S4). There were 16.0 ± 7.6 non

synonymous somatic mutations per tumor, more than in SCAs but less than in IPMNs 

(Table S2). Three MCNs harbored intragenic mutations in RNF43, including 

oneRNF43 of the two tumors with LOH of the RNF43 locus. RNF43. Two of the 

alterations were nonsense mutations (S4 1X and R37 1X), and the third was a missense 

mutation (R1 27P) (Table S4). This type of mutational pattern, with an over

representation of inactivating mutations, is characteristic of turner suppressor genes 

and is similar to that observed for RNF43 in IPMNs (Table 1). One of the MCNs 

with a truncating mutation was a low-grade MCN (MCN 166), while the other two 

tumors with RNF43 mutations were high-grade MCNs.  

[60] In addition to these RNF43 mutations, KRAS mutations were found in six MCNs and 

iP53 mutations were found in two. The KRAS mutations were all at codon 12, in 

accord with previous studies of MCNs (41, 48). The TP53 alterations were identical 

to those observed previously in other cancer types 

(http://www.sanger.ac.uk/genetics/CGP/cosmic/). As TP5 3 mutations are often 

associated with aggressiveness, it is possible that the MCNs with mutations in this 

gene are the ones most likely to progress to PDAs. Finally, there were two other 

genes (MIUC4 and POTEJ) that were mutated in more than one MCN, but analysis of 

the mutations by CHASM did not suggest that they would have substantial effects on 

protein function (Table S4).  

EXAMPLE 6 

1611 Analysis of SPNs. The most notable finding about SPNs was the paucity of genetic 

alterations identified. Only one of the eight tumors studied exhibited any LO-i 

whatsoever (Fig. 2D, Fig. 3, and Table S3). The absence of LOH was not due to 
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contamination of the microdissected samples with non-neoplastic cells; this 

possibility could be excluded both by histopathologic analysis and by the high 

fraction of CTNNB I mutant alleles, as discussed below (39% to 59%; Table S4).  

[621 As with LOH, the number of point mutations was also very low (2.9 ± 1.8 mutations 

per tumor). This number is lower than any of the other cyst types (p<0.001), and 

indeed less than tumor type yet evaluated by genome-wide sequencing (49, 50), 

including pediatric tumors (51). Five of the eight tumors contained only one or two 

somatic mutations (Table S4). Nevertheless, every tumor had a missense mutation of 

CTNNBI, and all these mutations were at codons 32, 33, 34, or 37. This region of the 

encoded protein (p-catenin) is critical for regulation of the protein (52-54). When 

phosphorylated at shrine or threonine residues lying between codons 32 and 37, beta

catenin is degraded by E3 ubiquitin ligases. Mutations within this region inhibit 

phosphorylation and the consequent degradation of the protein (55, 56). Previous 

studies have shown that CTNNBI is nearly always mutated in SPNs (57, 58). Our 

study shows that, in many cases, the CTNN1B1 mutations are the only mutations that 

are evident in these tumors, even when all coding genes are assessed by sequencing.  

An evaluation of these tumors for translocations or epigenetic events may lead to the 

identification of additional alterations. If not, this tumor type would represent an 

exception to the widely held view that several, sequential mutations are required for 

the formation of solid tumors in adults (59).  
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WE CLAIM: 

1. A method of differentially identifying a pancreatic cyst, comprising: 

testing nucleic acids isolated from cyst fluid or epithelial cells of the pancreatic cyst for 

mutations characteristic of pancreatic cysts, wherein each of the following genes is tested: 

5 a. VHL; 

b. GNAS; 

c. RNF43; and 

d. CTNNB].  

2. A method of identifying a pancreatic cyst as an intraductal papillary mucinous 

10 neoplasm or a mucinous cystic neoplasm, comprising: 

testing nucleic acids isolated from cyst fluid or epithelial cells of the pancreatic cyst for 

a mutation in RNF43 wherein a mutation in RNF43 indicates an intraductal papillary mucinous 

neoplasm or a mucinous cystic neoplasm.  

3. The method of claim 2 further comprising: 

15 testing the nucleic acids for a mutation in GNAS, wherein a mutation in GNAS suggest 

that the cyst is an intraductal papillary mucinous neoplasm.  

4. The method of any one of claims 1 to 3, wherein the mutation is a substitution mutation 

or loss of heterozygosity.  

5. The method of any one of claims 1, 3 or 4, wherein the GNAS mutation is in codon 201.  

20 6. The method of claim 1 wherein the CTNNB1 mutation is in a codon selected from 

codon 32 to codon 37, inclusive.  

7. The method of any one of claims 1 to 6, wherein a mutation in KRAS is additionally 

tested.  

8. The method of claim 7 wherein the KRAS mutation is in codon 12.  
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9. A device when used for differentially diagnosing pancreatic cysts according to the 

method of any one of claims I to 8, comprising: 

a solid support comprising a set of oligonucleotides which are complementary to each 

of the following genes: 

5 a. VHL; 

b. GNAS; 

c. RNF43; and 

d. CTNNB] 

wherein the oligonucleotides hybridize to regions containing or adjacent to mutation 

10 sites, wherein the solid support comprises oligonucleotides complementary to less than 100 

genes.  

10. A kit when used to aid in differentially diagnosing pancreatic cysts according to any one 

of claims 1 to 8, comprising: 

a set of oligonucleotide primers or probes which are complementary to each of the 

15 following genes: 

a. VHL; 

b. GNAS; 

c. RNF43; and 

d. CTNNB] 

20 wherein the oligonucleotides hybridize to regions containing or adjacent to mutation sites, 

wherein the kit comprises oligonucleotides complementary to less than 100 genes.  

11. The method of any one of claims 1 to 8, wherein the test employs hybridization.  

12. The method of any one of claims 1 to 8, wherein the test employs ligation.  

13. The method of any one of claims 1 to 8, wherein the test employs amplification.  
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14. The device or kit of claim 9 or 10 which additionally comprises an oligonucleotide, 

primer or probe which is complementary to KRAS wherein the nucleic acids are tested for a 

mutation in RNF43.  
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                                SEQUENCE LISTING

<110> HRUBAN, Ralph
      VOGELSTEIN, Bert
      PAPADOPOULOS, Nickolas
      KINZLER, Kenneth W.
      WU, Jian
      MAITRA, Anirban
      DAL MOLIN, Marco

<120> DIFFERENTIAL IDENTIFICATION OF
  PANCREATIC CYSTS

<130> 001107.00907

<160> 90

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 19
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 1
agccctccca ggtcatctt                                                   19

<210> 2
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 2
ccgtcgaagt tgagccatac                                                  20

<210> 3
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 3
accggtgtgg ctctttaaca                                                  20

<210> 4
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 4
taaccagaag cccatcgtgt                                                  20

<210> 5
<211> 20
<212> DNA
<213> Artificial Sequence
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<220> 
<223> ampilification primers and ligase assay probes

<400> 5
ctgccactga ggatttggtt                                                  20

<210> 6
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 6
ttgactaggc tccggacaac                                                  20

<210> 7
<211> 19
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 7
agccctccca ggtcatctt                                                   19

<210> 8
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 8
ccgtcgaagt tgagccatac                                                  20

<210> 9
<211> 19
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 9
agccctccca ggtcatctt                                                   19

<210> 10
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 10
ccgtcgaagt tgagccatac                                                  20

<210> 11
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
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<223> ampilification primers and ligase assay probes

<400> 11
ggtttttgcc cttccagtgt                                                  20

<210> 12
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 12
tgacgatgtc cagtctcctg                                                  20

<210> 13
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 13
ctgccactga ggatttggtt                                                  20

<210> 14
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 14
ttgactaggc tccggacaac                                                  20

<210> 15
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 15
accggtgtgg ctctttaaca                                                  20

<210> 16
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 16
taaccagaag cccatcgtgt                                                  20

<210> 17
<211> 18
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes
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<400> 17
gccgaggagg agatggag                                                    18

<210> 18
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 18
ctgcgattgc agaagatgac                                                  20

<210> 19
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 19
cctcagccca acctctactg                                                  20

<210> 20
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 20
gtcaaagagg acagcactgg                                                  20

<210> 21
<211> 19
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 21
tggacgcaca ggactggta                                                   19

<210> 22
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 22
gtccattttc aaggggatca                                                  20

<210> 23
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 23
gagccagtgc tgtcctcttt                                                  20
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<210> 24
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 24
caccttgaac acgcaaatgt                                                  20

<210> 25
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 25
gggtaatgac gctgagaagc                                                  20

<210> 26
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 26
tcagctcaat cctcacatgg                                                  20

<210> 27
<211> 19
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 27
gcagggagaa gtcacagca                                                   19

<210> 28
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 28
accccagatc aacaccactg                                                  20

<210> 29
<211> 19
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 29
ccactaccac ctccctgct                                                   19

<210> 30
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<211> 18
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 30
gatggcagga agggacca                                                    18

<210> 31
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 31
ctggccagtg gtgttgatct                                                  20

<210> 32
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 32
aatcctcaca tgggcctttt                                                  20

<210> 33
<211> 21
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 33
gcaccatctt tgtgatcatc c                                                21

<210> 34
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 34
aaagacccca cactgctcac                                                  20

<210> 35
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 35
ggattcatca gcatcgtcaa                                                  20

<210> 36
<211> 20
<212> DNA
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<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 36
gggcgaagtg tgagtctacc                                                  20

<210> 37
<211> 33
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 37
atggagaact tgacgtcctc tcatcttctg caa                                   33

<210> 38
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 38
catcttctgc ag                                                          12

<210> 39
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 39
tcgcagtccg cgtgtccact agtcatgctt                                       30

<210> 40
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 40
atggagaact tgacgtcctc aggtcacctt tg                                    32

<210> 41
<211> 13
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 41
taggtcacct ttt                                                         13

<210> 42
<211> 32
<212> DNA
<213> Artificial Sequence
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<220> 
<223> ampilification primers and ligase assay probes

<400> 42
gctcttcaga gatgtgtcca ctagtcatgc tt                                    32

<210> 43
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 43
atggagaact tgacgtcctc aaagagcgat gc                                    32

<210> 44
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 44
aaagagcgat gg                                                          12

<210> 45
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 45
ctccaggttg tcctgtccac tagtcatgct t                                     31

<210> 46
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 46
atggagaact tgacgtcctt gcaatcgcag t                                     31

<210> 47
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 47
agcaatcgca gg                                                          12

<210> 48
<211> 29
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes
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<400> 48
ccgcgcgtcg ttgtccacta gtcatgctt                                        29

<210> 49
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 49
atggagaact tgacgtcctc tgcaatcgca gt                                    32

<210> 50
<211> 11
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 50
gcaatcgcag g                                                           11

<210> 51
<211> 29
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 51
ccgcgcgtcg ttgtccacta gtcatgctt                                        29

<210> 52
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 52
atggagaact tgacgtcctc cctccaggtt gt                                    32

<210> 53
<211> 11
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 53
ctccaggttg a                                                           11

<210> 54
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 54
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ccggagccta gttgtccact agtcatgctt                                       30

<210> 55
<211> 33
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 55
atggagaact tgacgtcctc actctgaaag agc                                   33

<210> 56
<211> 13
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 56
actctgaaag agt                                                         13

<210> 57
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 57
gatgcctcca ggttgtccac tagtcatgct t                                     31

<210> 58
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 58
atggagaact tgacgtcctc tcccgatagg tc                                    32

<210> 59
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 59
tcccgatagg tt                                                          12

<210> 60
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 60
acctttggct cttctgtcca ctagtcatgc tt                                    32

Page 10



SL.txt
<210> 61
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 61
atggagaact tgacgtcctc cgcgcgagcc                                       30

<210> 62
<211> 9
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 62
gcgcgagcg                                                               9

<210> 63
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 63
ctcccaggtc atctgtccac tagtcatgct t                                     31

<210> 64
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 64
atggagaact tgacgtcctc ctgcaggctc g                                     31

<210> 65
<211> 10
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 65
tgcaggctcc                                                             10

<210> 66
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 66
gatggcgggt gatgtccact agtcatgctt                                       30

<210> 67
<211> 33
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<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 67
atggagaact tgacgtcctc agtctgaaag atc                                   33

<210> 68
<211> 13
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 68
agtctgaaag atg                                                         13

<210> 69
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 69
agcagaacag aaagtgtcca ctagtcatgc tt                                    32

<210> 70
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 70
atggagaact tgacgtcctc tcactgagga tc                                    32

<210> 71
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 71
tcactgagga tt                                                          12

<210> 72
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 72
gagctgctgc tgtgtccact agtcatgctt                                       30

<210> 73
<211> 33
<212> DNA
<213> Artificial Sequence
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<220> 
<223> ampilification primers and ligase assay probes

<400> 73
atggagaact tgacgtcctc ggagtttgtg tac                                   33

<210> 74
<211> 14
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 74
aggagtttgt gtaa                                                        14

<210> 75
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 75
aagaaccaaa aggtgtccac tagtcatgct t                                     31

<210> 76
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 76
atggagaact tgacgtcctc ctgtagctgc                                       30

<210> 77
<211> 11
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 77
cctgtagctg t                                                           11

<210> 78
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 78
agcagccgct ggtgtccact agtcatgctt                                       30

<210> 79
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
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<223> ampilification primers and ligase assay probes

<400> 79
atggagaact tgacgtcctc cggcccccac                                       30

<210> 80
<211> 10
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 80
cggcccccat                                                             10

<210> 81
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 81
gacctggtcc ctttgtccac tagtcatgct t                                     31

<210> 82
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 82
atggagaact tgacgtcctc ggggtaatga cg                                    32

<210> 83
<211> 13
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 83
aggggtaatg aca                                                         13

<210> 84
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 84
ctgagaagct gatgtgtcca ctagtcatgc tt                                    32

<210> 85
<211> 32
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes
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<400> 85
atggagaact tgacgtcctc catcctggct tc                                    32

<210> 86
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 86
catcctggct ta                                                          12

<210> 87
<211> 30
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 87
ggtgctgcgc attgtccact agtcatgctt                                       30

<210> 88
<211> 31
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 88
atggagaact tgacgtcctt ggagagtcct c                                     31

<210> 89
<211> 12
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 89
tggagagtcc tt                                                          12

<210> 90
<211> 29
<212> DNA
<213> Artificial Sequence

<220> 
<223> ampilification primers and ligase assay probes

<400> 90
gacgggcccc ctgtccacta gtcatgctt                                        29
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