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USE OF MICROVESCLES IN ANALYZING 
KRASMUTATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This Application claims the benefit of priority under 
35 U.S.C. S 119(e) of U.S. Provisional Application Ser. No. 
61/241,020, filed Sep. 9, 2009, the contents of which are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to the fields of medical 
diagnosis, and prognosis, patient monitoring, treatment effi 
cacy, and molecular diagnostics based on the analysis of Kras 
nucleic acids extracted from microvesicles. 

BACKGROUND 

0003 Molecular diagnostics, used to diagnose, monitor, 
treat, and evaluate diseases and other medical conditions, is 
becoming an increasingly important tool, particularly with 
the accumulating knowledge of the molecular mechanisms 
underlying various types of diseases and medical conditions. 
Molecular diagnostics is particularly valuable in the context 
of cancer, since our knowledge of the underlying genetic 
causes of cancers is rapidly expanding. 
0004 Cancers arise through accumulation of genetic alter 
ations that promote unrestricted cell growth. It has been stated 
that each tumor harbors, on average, around 50-80 mutations 
that are absent in non-tumor cells (Jones et al., 2008; Parsons 
et al., 2008; Wood et al., 2007). One family of oncogenes that 
is commonly mutated in cancers is the RAS family. During 
tumorigenesis, aberrant Ras signaling can lead to uncon 
trolled cell proliferation and resistance to apoptosis. More 
over, Ras has been shown to play an important role in the 
expression of matrix metalloproteinases, as well as other 
processes that promote tumor invasion and metastasis. Of the 
members of the Ras family, which includes the Hras, Kras, 
and Nras genes, Kras is most commonly mutated in cancers. 
0005. Current technologies to detect genetic mutations 
include the analysis of biopsy samples and the non-invasive 
analysis of mutant tumor DNA fragments circulating in 
bodily fluids, such as blood (Diehl et al., 2008). The former 
method is invasive, complicated, possibly harmful to Sub 
jects, and not particularly sensitive. The latter method inher 
ently lacks sensitivity due to extremely low copy number of 
mutant cancer DNA in bodily fluid (Gormally et al., 2007). 
Therefore, one challenge facing cancer diagnosis is to 
develop a diagnostic method that can detect tumor cells at 
different stages non-invasively, yet with high sensitivity and 
specificity. 
0006. This invention discloses novel methods of diagnos 
ing, prognosing, monitoring, and treating a disease. Such as 
cancer, or other medical condition in a subject involving the 
analysis of one or more nucleic acids contained within one or 
more microvesicles isolated from a bodily fluid sample for the 
presence or absence of one or more Kras genetic aberrations. 

BRIEF SUMMARY OF THE INVENTION 

0007. One aspect of the invention are methods for detect 
ing the presence or absence of a Kras genetic aberration in a 
fluid sample, the methods comprising the steps of: (a) isolat 
ing one or more microvesicles from a fluid sample; and (b) 
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analyzing one or more nucleic acids contained within the one 
or more microvesicles for the presence or absence of a Kras 
genetic aberration. 
0008 Another aspect of the invention are diagnostic or 
prognostic methods, wherein said methods aid in the diagno 
sis or prognosis of a disease or other medical condition in a 
Subject, the methods comprising the steps of: (a) isolating one 
or more microvesicles from a body fluid sample from the 
Subject; and (b) analyzing one or more nucleic acids con 
tained within the one or more microvesicles for the presence 
or absence of a Kras genetic aberration associated with the 
diagnosis or prognosis of a disease or other medical condi 
tion. 
0009. A further aspect of the invention are monitoring 
methods, wherein said methodsaid in monitoring the status of 
a disease or other medical condition in a Subject overtime, the 
methods comprising the steps of: (a) isolating one or more 
microvesicles from a body fluid sample from the subject; (b) 
analyzing one or more nucleic acids contained within the one 
or more microvesicles for the presence or absence of a Kras 
genetic aberration associated with the disease or other medi 
cal condition; and (c) repeating steps (a) and (b) after the 
passage of an interval of time. 
0010. Another aspect of the invention are evaluation meth 
ods, wherein said methods aid in evaluating treatment effi 
cacy in a subject having a disease or other medical condition, 
the methods comprising the steps of: (a) isolating one or more 
a microvesicles from a body fluid sample from the subject; 
and (b) analyzing one or more nucleic acids contained within 
the one or more microvesicles for the presence or absence of 
a Kras genetic aberration associated with treatment efficacy 
for the disease or other medical condition. 
0011. In certain embodiments of the foregoing aspects of 
the invention, the methods may further comprise the step of 
treating the one or more isolated microvesicles with DNase 
prior to analysis to eliminate all or Substantially all of any 
DNA located on the surface of the one or more microvesicles 
or outside of the one or more microvesicles. 
0012. In certain preferred embodiments of the foregoing 
aspects of the invention, the Kras genetic aberration is 
selected from the group consisting of: G12A, G12D, G12R, 
G12C, G12S, G12V, or G13D. 
0013. In certain preferred embodiments of the foregoing 
aspects of the invention, the disease or other medical condi 
tion is cancer. Particularly, preferred cancers are colorectal, 
pancreatic, thyroid, lung, acute myeloid leukemia, or glio 
blastoma. 
0014. In certain preferred embodiments of the foregoing 
aspects of the invention, the body fluid is blood, plasma, 
serum, urine, or combinations thereof. In certain preferred 
embodiments of the foregoing aspects of the invention, the 
Subject is a human. 
0015. In certain preferred embodiments of the foregoing 
aspects of the invention, the microvesicles isolated from a 
bodily fluid are enriched for those originating from a specific 
cell type, such as specific cell type is lung, pancreas, stomach, 
intestine, bladder, kidney, ovary, testis, skin, colorectal, 
breast, prostate, brain, esophagus, liver, placenta, or fetus 
cells. 
0016. In certain embodiments of the foregoing aspects of 
the invention, microvesicular Surface molecules are used to 
enrich for microvesicles from a specific cell. In certain 
embodiments, the microvesicular Surface molecules are Sur 
face antigens associated with tumor cells. Such as epithelial 
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cell-adhesion-molecule (EpCAM), CD24, CD70, carcino 
embryonic antigen (CEA), EGFR, EGFRVIII and other 
variants, Fas ligand, TRAIL, transferrin receptor, p38.5, p97, 
Or HSP72. 
0017. In certain embodiments of the foregoing aspects of 
the invention, the absence of a microvesicular Surface mol 
ecule is used to enrich for microvesicles from a specific cell 
type, such as the surface molecules CD80 or CD86. 
0018. In certain embodiments of the foregoing aspects of 
the invention, the isolation of microVesicles from a specific 
cell type is accomplished by using antibodies, aptamers, 
aptamer analogs, or molecularly imprinted polymers. 
0019. In certain embodiments of the foregoing aspects of 
the invention, one or more nucleic acids are extracted from the 
one or more microvesicles prior to analysis. 
0020. In certain embodiments of the foregoing aspects of 
the invention, the nucleic acids are DNA. 
0021. In certain embodiments of the foregoing aspects of 
the invention, the nucleic acids are RNA. In some embodi 
ments, the RNA are reverse-transcribed into complementary 
DNA. 
0022. In certain embodiments of the foregoing aspects of 
the invention, the nucleic acids are analyzed directly without 
an amplification step. 
0023. In other embodiments of the foregoing aspects of 
the invention, the nucleic acids are amplified prior to analysis. 
In some embodiments, the nucleic acid amplifications are 
carried out by polymerase chain reaction (PCR) and its vari 
ants such as in situ PCR, quantitative PCR, nested PCR; 
self-sustained sequence replication and its variants; transcrip 
tional amplification system and its variants; Qb Replicase and 
its variants; or cold-PCR. 
0024. In other embodiments of the foregoing aspects of 
the invention, the Subject is a human colorectal cancer patient. 
0025. The present invention may be as defined in any one 
of the following numbered paragraphs. 
0026 1. A method for detecting the presence or absence of 
a Kras genetic aberration in a fluid sample, the method 
comprising the steps of 
0027 (a) isolating one or more microvesicles from a 
fluid sample; and 

0028 (b) analyzing one or more nucleic acids contained 
within the one or more microvesicles for the presence or 
absence of a Kras genetic aberration. 

0029 2. A diagnostic or prognostic method, wherein said 
method aids in the diagnosis or prognosis of a disease or 
other medical condition in a subject, the method compris 
ing the steps of 
0030 (a) isolating one or more microvesicles from a 
body fluid sample from the subject; and 

0031 (b) analyzing one or more nucleic acids contained 
within the one or more microvesicles for the presence or 
absence of a Kras genetic aberration associated with the 
diagnosis or prognosis of a disease or other medical 
condition. 

0032. 3. A monitoring method, wherein said method aids 
in monitoring the status of a disease or other medical con 
dition in a Subject over time, the method comprising the 
steps of: 
0033 (a) isolating one or more microvesicles from a 
body fluid sample from the subject; 

0034 (b) analyzing one or more nucleic acids contained 
within the one or more microvesicles for the presence or 
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absence of a Kras genetic aberration associated with the 
disease or other medical condition; and 

0035 (c) repeating steps (a) and (b) after the passage of 
an interval of time. 

0036 4. An evaluation method, wherein said method aids 
in evaluating treatment efficacy in a subject having a dis 
ease or other medical condition, the method comprising the 
steps of 
0037 (a) isolating one or more a microvesicles from a 
body fluid sample from the subject; and 

0.038 (b) analyzing one or more nucleic acids contained 
within the one or more microvesicles for the presence or 
absence of a Kras genetic aberration associated with 
treatment efficacy for the disease or other medical con 
dition. 

0039 5. The method of any of paragraphs 1-4, further 
comprising the step of treating the one or more isolated 
microvesicles with DNase prior to analysis to eliminate all 
or substantially all of any DNA located on the surface of the 
one or more microvesicles or outside of the one or more 
microvesicles. 

0040. 6. The method of any of paragraphs 1-5, wherein the 
Kras genetic aberration is selected from the group consist 
ing of G12A, G12D, G12R, G12C, G12S, G12V, or 
G13D. 

0041 7. The method of any of paragraphs 1-6, wherein the 
disease or other medical condition is cancer. 

0042 8. The method of paragraph 7, wherein the cancer is 
colorectal, pancreatic, thyroid, lung, acute myeloid leuke 
mia, or glioblastoma. 

0043 9. The method of any of paragraphs 1-8, wherein the 
body fluid is blood, plasma, serum, urine, or combinations 
thereof. 

0044 10. The method of any of paragraphs 1-9, wherein 
the Subject is a human. 

0045 11. The method of any of paragraphs 1-10, wherein 
the microvesicles isolated from a bodily fluid are enriched 
for those originating from a specific cell type. 

0046 12. The method of paragraph 11, wherein the spe 
cific cell type is lung, pancreas, stomach, intestine, bladder, 
kidney, ovary, testis, skin, colorectal, breast, prostate, 
brain, esophagus, liver, placenta, or fetus cells. 

0047 13. The method of paragraph 11 or 12, wherein a 
microvesicular Surface molecule is used to enrich for 
microvesicles from a specific cell type. 

0048. 14. The method of paragraph 13, wherein the 
microvesicular Surface molecule is a Surface antigen asso 
ciated with tumor cells. 

0049. 15. The method of paragraph 14, wherein the 
microvesicular surface molecule is epithelial-cell-adhe 
sion-molecule (EpCAM), CD24, CD70, carcinoembry 
onic antigen (CEA), EGFR, EGFRVIII and other variants, 
Fas ligand, TRAIL, transferrin receptor, p38.5, p97, or 
HSP72. 

0050 16. The method of paragraph 11, wherein the 
absence of a microvesicular Surface molecule is used to 
enrich for microvesicles from a specific cell type. 

0051) 17. The method of paragraph 16, wherein the absent 
Surface molecule is CD80 or CD86. 

0.052 18. The methodofany of paragraphs 11-17, wherein 
the isolation of microVesicles from a specific cell type is 
accomplished by using antibodies, aptamers, aptamerana 
logs, or molecularly imprinted polymers. 
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0053. 19. The method of any of paragraphs 1-18, wherein 
the one or more nucleic acids are extracted from the one or 
more microvesicles prior to analysis. 

0054 20. The method of any of paragraphs 1-19, wherein 
the nucleic acid is DNA. 

0055 21. The method of any of paragraphs 1-20, wherein 
the nucleic acid is RNA. 

0056 22. The method of paragraph 21, wherein the RNA 
is reverse-transcribed into complementary DNA. 

0057 23. The method of any of paragraphs 1-22, wherein 
the nucleic acid is analyzed directly without an amplifica 
tion step. 

0058 24. The method of any of paragraphs 1-22, wherein 
the nucleic acid is amplified prior to analysis. 

0059 25. The method of paragraph 24, wherein the 
nucleic acid amplification is carried out by polymerase 
chain reaction (PCR) and its variants such as in situ PCR, 
quantitative PCR, nested PCR; self-sustained sequence 
replication and its variants; transcriptional amplification 
system and its variants; Qb Replicase and its variants; or 
cold-PCR. 

0060 26. The method of any of paragraphs 1-25, wherein 
the Subject is a human colorectal cancer patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0061 FIG.1. Illustration of a bioanalyzer profile of RNAs 
extracted from serum exosomes. The nucleotide (nt) size is 
depicted on the X-axis, and the quantity is depicted on the 
y-axis as fluorescent units (FU). 
0062 FIG. 2. Amplification plot illustrating the detection 
of Kras Exon 4 (a region that is not commonly mutated and 
therefore detects both mutated and wild type KRAS) using a 
modified Scorpion(R) mutation detection method. The PCR 
cycle number is shown on the X-axis, and the ARn (norma 
lised fluorescence emission) versus cycle is shown on the 
y-axis. The Applied Biosystems 7500 Fast qPCR machine 
was used for the analysis (run in standard mode, as recom 
mended by the Scorpion kit manufacturer, DxS of Manches 
ter, England (now known as QIAGEN, Manchester, Ltd.: 
hereinafter referred to as “DxS)). The labels areas follows: 

0063 A refers to a positive control (supplied by DxS). 
0064 B refers to another positive control (supplied by 
DxS) 

0065 Crefers to serum exosome RNA from a colorectal 
cancer patient. 

0.066 D refers to plasma exosome RNA from a colorec 
tal cancer patient. 

0067 E refers to a negative control (no template con 
trol). 

0068 F refers to a negative control (no template con 
trol). 

0069 FIG. 3. Illustration of a result detecting Kras G12D 
mutation using a modified Scorpion(R) mutation detection 
method. The PCR cycle number is shown on the x-axis and 
the ARn (normalized fluorescence emission) versus cycle on 
the y-axis. The Applied Biosystems 7500 Fast qPCR machine 
was used for the analysis (run in standard mode, as recom 
mended by the kit manufacturer, DxS). The labels are as 
follows: 

0070 A refers to a positive control (mutation standard 
supplied by DxS). 

0071 B refers to another positive control (mutation 
standard supplied by DxS). 
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0072 C refers to serum exosome RNA from the same 
patient designated with label C from FIG. 2, i.e., a col 
orectal cancer patient with confirmed KRAS G12D 
mutation in the tumor. 

0.073 D refers to plasma exosome RNA from the same 
patient designated with label C from FIG. 2, i.e., a col 
orectal cancer patient with confirmed KRAS G12D 
mutation in the tumor. 

0.074 E refers to a negative control (no template con 
trol). 

0075 F refers to a negative control (no template con 
trol). 

0076 FIG. 4(a). Positive and negative control reaction for 
the detection of Kras Exon 4 (present in both mutated and 
wild type KRAS) using a modified Scorpion(R) mutation 
detection method. The PCR cycle number is shown on the 
X-axis and the ARn (normalized fluorescence emission) ver 
sus cycle on the y-axis. The Applied Biosystems 7500 Fast 
qPCR machine was used for the analysis (run in standard 
mode, as recommended by the kit manufacturer, DxS). The 
labels are as follows: 

0077. A refers to a positive control (supplied by DxS). 
0078 B refers to a positive control (supplied by DxS). 
007.9 C refers to a negative control (no template con 
trol). 

0080 D refers to a negative control (no template con 
trol). 

I0081 FIG. 4(b). Positive and negative control reaction for 
the detection of the Kras G12A mutation using a modified 
Scorpion(R) mutation detection method. The PCR cycle num 
ber is shown on the x-axis and the ARn (normalized fluores 
cence emission) versus cycle on the y-axis. The Applied 
Biosystems 7500 Fast qPCR machine was used for the analy 
sis (run in Standard mode, as recommended by the kit manu 
facturer, DxS). The labels are as follows: 

0082. A refers to a positive control (mutation standard 
supplied by DxS). 

0.083 B refers to a positive control (mutation standard 
supplied by DxS). 

0084 C refers to a negative control (no template con 
trol). 

0085 D refers to a negative control (no template con 
trol). 

I0086 FIG. 5(a). Illustration of a result detecting Kras 
Exon 4 using a modified Scorpion(R) mutation detection 
method. The PCR cycle number is shown on the x-axis and 
the ARn (normalized fluorescence emission) versus cycle on 
the y-axis. The Applied Biosystems 7500 Fast qPCR machine 
was used for the analysis (run in standard mode, as recom 
mended by the kit manufacturer, DxS). The labels are as 
follows: 

0087. A refers to plasma exosome RNA, no DNase 
treatment. 

I0088 B refers to plasma exosome RNA, with DNase 
treatment on the outside of the exosome. 

0089 C refers to serum exosome RNA, no DNase treat 
ment. 

0090 D refers to serum exosome RNA, with DNase 
treatment on the outside of the exosome. 

(0091 FIG. 5(b). Illustration of a result detecting Kras 
Exon 4 using a modified Scorpion(R) mutation detection 
method. The PCR cycle number is shown on the x-axis and 
the ARn (normalized fluorescence emission) versus cycle on 
the y-axis. The Applied Biosystems 7500 Fast qPCR machine 
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was used for the analysis (run in standard mode, as recom 
mended by the kit manufacturer, DxS). The labels are as 
follows: 

0092 A refers to plasma exosome DNA, no DNase 
treatment. 

(0093 B refers to plasma exosome DNA, with DNase 
treatment on the outside of the exosome. 

0094. Crefers to serum exosome DNA, no DNase treat 
ment. 

0095 D refers to serum exosome DNA, with DNase 
treatment on the outside of the exosome. 

0096 FIG. 6(a). Illustration of a result detecting Kras 
G12A mutation using a modified Scorpion(R) mutation detec 
tion method. The PCR cycle number is shown on the x-axis 
and the ARn (normalized fluorescence emission) versus cycle 
on the y-axis. The Applied Biosystems 7500 Fast qPCR 
machine was used for the analysis (run in standard mode, as 
recommended by the kit manufacturer, DxS). The labels are 
as follows: 

(0097. A refers to plasma exosome RNA, no DNase 
treatment. 

(0098 B refers to plasma exosome RNA, with DNase 
treatment on the outside of the exosome. 

0099 Crefers to serum exosome RNA, no DNase treat 
ment. 

01.00 D refers to serum exosome RNA, with DNase 
treatment on the outside of the exosome. 

0101 FIG. 6(b). Illustration of a result detecting Kras 
G12A mutation using a modified Scorpion(R) mutation detec 
tion method. The PCR cycle number is shown on the x-axis 
and the ARn (normalized fluorescence emission) versus cycle 
on the y-axis. The Applied Biosystems 7500 Fast qPCR 
machine was used for the analysis (run in standard mode, as 
recommended by the kit manufacturer, DxS). The labels are 
as follows: 

0102) A refers to plasma exosome DNA, no DNase 
treatment. 

(0103 B refers to plasma exosome DNA, with DNase 
treatment on the outside of the exosome. 

0.104 Crefers to serum exosome DNA, no DNase treat 
ment. 

01.05 D refers to serum exosome DNA, with DNase 
treatment on the outside of the exosome. 

DETAILED DESCRIPTION OF THE INVENTION 

0106 Microvesicles are shed by eukaryotic cells, or bud 
ded off of the plasma membrane, to the exterior of the cell. 
These membrane vesicles are heterogeneous in size with 
diameters ranging from about 10 nm to about 5000 nm. The 
small microvesicles (approximately 10 to 1000 nm, and more 
often approximately 30 to 200 nm in diameter) that are 
released by exocytosis of intracellular multivesicular bodies 
are referred to in the art as “exosomes.” The methods and 
compositions described herein are equally applicable to 
microvesicles of all sizes; preferably 30 to 800 nmi; and more 
preferably 30 to 200 nm. 
0107. In some of the literature, the term “exosome” also 
refers to protein complexes containing exoribonucleases 
which are involved in mRNA degradation and the processing 
of small nucleolar RNAs (snoRNAs), small nuclear RNAs 
(snRNAs) and ribosomal RNAs (rRNA) (Liu, et al. 2006; van 
Dijk, et al. 2007). Such protein complexes do not have mem 
branes and are not “microvesicles' or “exosomes' as those 
terms are used herein. 
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0.108 Certain aspects of the present invention are based on 
the finding that the nucleic acids found within microvesicles 
can be used as valuable biomarkers for tumor diagnosis, 
characterization and prognosis by providing a genetic biom 
arker or profile. The nucleic acids within microvesicles can 
also be used to monitor tumor progression over time by ana 
lyzing if other mutations are acquired during tumor progres 
sion as well as if the levels of certain mutations are becoming 
increased or decreased over time or over a course of treatment 
(Skog et al., WO 2009/100029). 
0109 Certain aspects of the present invention are based on 
the finding that the ability to analyze nucleic acids from 
microvesicles provides a non-invasive and sensitive method 
for detecting genetic aberrations. This ability to detect genetic 
aberrations provides for the ability to detect, diagnose, moni 
tor, treat, or evaluate a disease or other medical condition, by 
analyzing nucleic acid content from microvesicles. More 
over, nucleic acids from microvesicles may be isolated and 
analyzed periodically as a means to detect changes in nucleic 
acids. Such analyses can provide valuable information 
regarding the state of a disease or other medical condition, at 
the particular point in time that the microvesicles were 
obtained from the subject. This information may be used to 
assist in the therapeutic evaluation and decision-making pro 
cess for a Subject having a disease or other medical condition. 
For example, the presence or absence of one or more muta 
tions in a particular gene may indicate the Susceptibility to, 
presence of, or progression of a disease or other medical 
condition in a subject, or may indicate the likelihood that a 
particular therapeutic treatment will be efficacious. In par 
ticular, the KRAS mutation status is predictive of response to 
therapy with drugs such as cetuximab and panitumumab (also 
known as Erbitux and Vectibix) (anti-EGFR inhibitors) in 
colorectal cancer 

0110 Certain aspects of the present invention are based on 
another finding that most of the extracellular RNAs in bodily 
fluid of a subject are contained within microvesicles and thus 
protected from degradation by ribonucleases. More than 90% 
of extracellular RNA in total serum can be recovered in 
microvesicles (Skog et al., WO 2009/100029). 
0111. In general terms, the present invention relates to 
methods for diagnosing, prognosing, monitoring, and treat 
ing a disease or other medical condition in a Subject compris 
ing the steps of isolating a microVesicle fraction (or obtaining 
a microvesicle preparation) from a bodily fluid of a subject, 
and analyzing one or more nucleic acids contained within the 
microvesicles. The nucleic acids are analyzed qualitatively 
and/or quantitatively, and the results are compared to results 
expected or obtained for one or more other subjects who have 
or do not have the disease or other medical condition. The 
presence of a difference in microvesicular nucleic acid con 
tent of the Subject, as compared to a reference (e.g., microve 
Sicular nucleic acid content of one or more other individuals, 
or prior analyses of the microVesicular nucleic content of the 
same individual) can indicate the presence or absence of a 
disease or other medical condition, the progression of said 
disease or other medical condition (e.g., changes of tumor 
size and tumor malignancy), the Susceptibility to a disease or 
other medical condition, or the efficacy of a drug or other 
therapeutic treatment for a particular Subject. 
0112 The compositions, methods and techniques 
described herein provide the following advantages: 1) the 
opportunity to selectively analyze disease- or tumor-specific 
nucleic acids, which may be realized by isolating disease- or 
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tumor-specific microvesicles apart from other microvesicles 
within the fluid sample; 2) significantly higher yield of 
nucleic acid species with higher sequence integrity as com 
pared to the yield/integrity obtained by extracting nucleic 
acids directly from the fluid sample; 3) scalability, e.g. to 
detect nucleic acids expressed at low levels, the sensitivity 
can be increased by isolating more microvesicles from a 
larger Volume of serum; 4) purer nucleic acids in that protein 
and lipids, debris from dead cells, and other potential con 
taminants and PCR inhibitors are excluded from the 
microvesicle preparation before the nucleic acid extraction 
step; and 5) more choices in nucleic acid extraction methods 
as microvesicle preparations are of much smaller Volume than 
that of the starting serum, making it possible to extract nucleic 
acids from these microvesicle preparations using Small Vol 
ume column filters. 

0113. The microvesicles are preferably isolated from a 
bodily fluid from a subject. As used herein, a “bodily fluid 
refers to a sample of fluid isolated from anywhere in the body 
of the Subject, preferably a peripheral location, including but 
not limited to, blood, plasma, serum, urine, sputum, spinal 
fluid, pleural fluid, nipple aspirates, lymph fluid, fluid of the 
respiratory, intestinal, and genitourinary tracts, tear fluid, 
saliva, breast milk, fluid from the lymphatic system, semen, 
cerebrospinal fluid, intra-organ system fluid, asciitic fluid, 
tumor cyst fluid, amniotic fluid and combinations thereof. 
0114. The term “subject' is intended to include all animals 
shown to or expected to have microvesicles. In particular 
embodiments, the subject is a mammal, a human or nonhu 
man primate, a dog, a cat, a horse, a cow, other farm animals, 
or a rodent (e.g. mice, rats, guinea pig, etc.). The term "sub 
ject' and “individual” are used interchangeably herein. 
0115 Methods of isolating microvesicles from a biologi 
cal sample are known in the art. For example, a method of 
differential centrifugation is described in a paper by Raposo, 
et al. (Raposo, et al. 1996), and similar methods are detailed 
in the Examples section herein. Methods of anion exchange 
and/or gel permeation chromatography are described in U.S. 
Pat. Nos. 6,899,863 and 6,812,023. Methods of sucrose den 
sity gradients or organelle electrophoresis are described in 
U.S. Pat. No. 7,198.923. A method of magnetic activated cell 
sorting (MACS) is described in (Taylor and Gercel-Taylor 
2008). A method of nanomembrane ultrafiltration concentra 
tor is described in (Cheruvanky, et al. 2007). Preferably, 
microvesicles can be identified and isolated from bodily fluid 
of a Subject by a recently developed microchip technology 
that uses a unique microfluidic platform to efficiently and 
selectively separate tumor derived microvesicles. This tech 
nology, as described in a paper by Nagrath, et al. (Nagrath, et 
al. 2007), can be adapted to identify and separate 
microvesicles using similar principles of capture and separa 
tion as taught in the paper. Further, methods of isolating 
microvesicles from urine samples are described in a paper by 
Miranda, et al. (Miranda, et al. 2010) and in Russo, et al., 
PCT/US10/042365, filed Jul. 16, 2010 (expected to publishin 
2011). Each of the foregoing references is incorporated by 
reference herein for its teaching of these methods. 
0116. In one embodiment, the microvesicles isolated from 
a bodily fluid are enriched for those originating from a spe 
cific cell type, for example, lung, pancreas, Stomach, intes 
tine, bladder, kidney, ovary, testis, skin, colorectal, breast, 
prostate, brain, esophagus, liver, placenta, fetus cells. 
Because the microvesicles often carry Surface molecules Such 
as antigens from their donor cells, Surface molecules may be 
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used to identify, isolate and/or enrich for microvesicles from 
a specific donor cell type (Al-Nedawi, et al. 2008; Taylor and 
Gercel-Taylor 2008). In this way, microvesicles originating 
from distinct cell populations can be analyzed for their 
nucleic acid content. For example, tumor (malignant and 
non-malignant) microvesicles carry tumor-associated Surface 
antigens and may be detected, isolated and/or enriched via 
these specific tumor-associated Surface antigens. In one 
example, the Surface antigen is epithelial-cell-adhesion-mol 
ecule (EpCAM), which is specific to microvesicles from car 
cinomas of lung, colorectal, breast, prostate, head and neck, 
and hepatic origin, but not of hematological cell origin 
(Balzar, et al. 1999: Went, et al. 2004). In another example, 
the Surface antigen is CD24, which is a glycoprotein specific 
to urine microvesicles (Keller, et al. 2007). In yet another 
example, the Surface antigen is selected from a group of 
molecules CD70, carcinoembryonic antigen (CEA), EGFR, 
EGFRVIII and other variants, Fas ligand, TRAIL, tranferrin 
receptor, p38.5, p97 and HSP72. Additionally, tumor specific 
microvesicles may be characterized by the lack of surface 
markers, such as CD80 and CD86. 
0117 The isolation of microvesicles from specific cell 
types can be accomplished, for example, by using antibodies, 
aptamers, aptamer analogs or molecularly imprinted poly 
mers specific for a desired surface antigen. In one embodi 
ment, the Surface antigen is specific for a cancer type. In 
another embodiment, the Surface antigen is specific for a cell 
type which is not necessarily cancerous. One example of a 
method of microvesicle separation based on cell Surface anti 
gen is provided in U.S. Pat. No. 7,198.923. As described in, 
e.g., U.S. Pat. Nos. 5,840,867 and 5,582,981, WO 2003/ 
050290 and a publication by Johnson, et al. (Johnson, et al. 
2008), aptamers and their analogs specifically bind surface 
molecules and can be used as a separation tool for retrieving 
cell type-specific microvesicles. Molecularly imprinted poly 
mers also specifically recognize Surface molecules as 
described in, e.g., U.S. Pat. Nos. 6.525,154, 7,332,553 and 
7,384.589 and a publication by Bossi, et al. (Bossi, et al. 
2007) and are a tool for retrieving and isolating cell type 
specific microvesicles. Each of the foregoing reference is 
incorporated herein for its teaching of these methods. 
0118. It may be beneficial or otherwise desirable to extract 
the nucleic acid from the exosomes prior to the analysis. 
Nucleic acid molecules can be isolated from a microvesicle 
using any number of procedures, which are well-known in the 
art, the particular extraction procedure chosen being appro 
priate for the particular biological sample. For example, 
methods for extracting nucleic acids from urinary 
microvesicles are described in Miranda, et al. (Miranda, et al. 
2010) and in Russo, et al., PCT/US 10/042365, filed Jul. 16, 
2010 (expected to publish in 2011), each of which is incor 
porated herein for its teaching of these methods. In some 
instances, with some techniques, it may also be possible to 
analyze the nucleic acid without extraction from the 
microvesicle. 

0119. In one embodiment, the extracted nucleic acids, 
including DNA and/or RNA, are analyzed directly without an 
amplification step. Direct analysis may be performed with 
different methods including, but not limited to, nanostring 
technology. NanoString technology enables identification 
and quantification of individual target molecules in a biologi 
cal sample by attaching a color coded fluorescent reporter to 
each target molecule. This approach is similar to the concept 
of measuring inventory by Scanning barcodes. Reporters can 
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be made with hundreds or even thousands of different codes 
allowing for highly multiplexed analysis. The technology is 
described in a publication by Geiss, et al. (Geiss, et al. 2008) 
and is incorporated herein by reference for this teaching. 
0120 In another embodiment, it may be beneficial or oth 
erwise desirable to amplify the nucleic acid of the 
microvesicle prior to analyzing it. Methods of nucleic acid 
amplification are commonly used and generally known in the 
art, many examples of which are described herein. If desired, 
the amplification can be performed Such that it is quantitative. 
Quantitative amplification will allow quantitative determina 
tion of relative amounts of the various nucleic acids, togen 
erate a profile as described below. 
0121. In one embodiment, the extracted nucleic acid is 
DNA. In another embodiment, the extracted nucleic acid is 
RNA. RNAs are preferably reverse-transcribed into comple 
mentary DNAs. Such reverse transcription may be performed 
alone or in combination with an amplification step. One 
example of a method combining reverse transcription and 
amplification steps is reverse transcription polymerase chain 
reaction (RT-PCR), which may be further modified to be 
quantitative, e.g., quantitative RT-PCR as described in U.S. 
Pat. No. 5,639,606, which is incorporated herein by reference 
for this teaching. 
0122) Nucleic acid amplification methods include, with 
out limitation, polymerase chain reaction (PCR) (U.S. Pat. 
No. 5.219.727) and its variants such as in situ polymerase 
chain reaction (U.S. Pat. No. 5,538,871), quantitative poly 
merase chain reaction (U.S. Pat. No. 5.219,727), nested poly 
merase chain reaction (U.S. Pat. No. 5,556,773), self sus 
tained sequence replication and its variants (Guatelli, et al. 
1990), transcriptional amplification system and its variants 
(Kwoh, et al. 1989), Qb Replicase and its variants (Miele, et 
al. 1983), cold-PCR (Li, et al. 2008) or any other nucleic acid 
amplification methods, followed by the detection of the 
amplified molecules using techniques known to those of skill 
in the art. Especially useful are those detection schemes 
designed for the detection of nucleic acid molecules if such 
molecules are present in very low numbers. The foregoing 
references are incorporated herein for their teachings of these 
methods. 

0123. The analysis of nucleic acids present in the 
microvesicles is quantitative and/or qualitative. For quantita 
tive analysis, the amounts (expression levels), either relative 
or absolute, of specific nucleic acids of interest within the 
microvesicles are measured with methods known in the art. 
For qualitative analysis, the species of specific nucleic acids 
of interest within the microvesicles, whether wild type or 
variants, are identified with methods known in the art. 
0124 “Genetic aberrations” is used herein to refer to the 
nucleic acid amounts as well as nucleic acid variants within 
the microvesicles. Specifically, genetic aberrations include, 
without limitation, over-expression of a gene (e.g., onco 
genes) or a panel of genes, under-expression of a gene (e.g., 
tumor suppressor genes such as p53 or RB) or a panel of 
genes, alternative production of splice variants of a gene or a 
panel of genes, gene copy number variants (CNV) (e.g. DNA 
double minutes) (Hahn, 1993), nucleic acid modifications 
(e.g., methylation, acetylation and phosphorylations), single 
nucleotide polymorphisms (SNPs), chromosomal rearrange 
ments (e.g., inversions, deletions and duplications), and 
mutations (insertions, deletions, duplications, missense, non 
sense, synonymous or any other nucleotide changes) of a 
gene or a panel of genes, which mutations, in many cases, 
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ultimately affect the activity and function of the gene prod 
ucts, lead to alternative transcriptional splicing variants and/ 
or changes of gene expression level. 
0.125. The determination of such genetic aberrations can 
be performed by a variety of techniques known to the skilled 
practitioner. For example, expression levels of nucleic acids, 
alternative splicing variants, chromosome rearrangement and 
gene copy numbers can be determined by microarray analysis 
(U.S. Pat. Nos. 6,913,879, 7,364,848, 7.378,245, 6,893,837 
and 6,004.755) and quantitative PCR. Particularly, copy num 
ber changes may be detected with the Illumina Infinium II 
whole genome genotyping assay or Agilent Human Genome 
CGH Microarray (Steemers, et al. 2006). Nucleic acid modi 
fications can be assayed by methods described in, e.g., U.S. 
Pat. No. 7,186,512 and patent publication WO 2003/023065. 
Particularly, methylation profiles may be determined by Illu 
mina DNA Methylation OMAO03 Cancer Panel. SNPs and 
mutations can be detected by hybridization with allele-spe 
cific probes, enzymatic mutation detection, chemical cleav 
age of mismatched heteroduplex (Cotton, et al. 1988), ribo 
nuclease cleavage of mismatched bases (Myers, et al. 1985), 
mass spectrometry (U.S. Pat. Nos. 6,994,960, 7,074.563, and 
7,198.893), nucleic acid sequencing, single strand conforma 
tion polymorphism (SSCP) (Orita, et al. 1989), denaturing 
gradient gel electrophoresis (DGGE) (Fischer and Lerman 
1979a; Fischer and Lerman 1979b), temperature gradient gel 
electrophoresis (TGGE) (Fischer and Lerman 1979a; Fischer 
and Lerman 1979b), restriction fragment length polymor 
phisms (RFLP) (Kanand Dozy 1978a; Kanand Dozy 1978b). 
oligonucleotide ligation assay (OLA), allele-specific PCR 
(ASPCR) (U.S. Pat. No. 5,639,611), ligation chain reaction 
(LCR) and its variants (Landegren, et al. 1988; Nakazawa, et 
al. 1994: Abravaya, et al. 1995), flow-cytometric heterodu 
plex analysis (WO/2006/113590) and combinations or modi 
fications of any of the foregoing. In general, the methods for 
analyzing genetic aberrations are reported in numerous pub 
lications, not limited to those cited herein, and are available to 
skilled practitioners. The appropriate method of analysis will 
depend upon the specific goals of the analysis, the condition/ 
history of the patient, and the specific cancer(s), diseases or 
other medical conditions to be detected, monitored or treated. 
The forgoing references are incorporated herein for their 
teachings of these methods. 
0.126 The published literature describes a variety of 
genetic aberrations that have been identified to occur and/or 
contribute to the initial generation or progression of cancer. 
Examples of genes which are commonly under expressed, or 
over expressed in brain tumors are reviewed in (Furnari, et al. 
2007), and this subject matter is incorporated herein by ref 
erence. With respect to the development of brain tumors, RB 
and p53 are often down-regulated to otherwise decrease their 
tumor Suppressive activity. Therefore, in these embodiments, 
the presence or absence of an increase or decrease in the 
nucleic acid expression level of a gene(s) and/or a microRNA 
(s) whose disregulated expression level is specific to a type of 
cancer can be used to indicate the presence or absence of the 
type of cancer in the Subject. 
I0127. Likewise, nucleic acid variants, e.g., DNA or RNA 
modifications, single nucleotide polymorphisms (SNPs) and 
mutations (e.g., missense, nonsense, insertions, deletions, 
duplications) may also be analyzed within microvesicles 
from bodily fluid of a Subject, including pregnant females 
where microvesicles derived from the fetus may be in serum 
as well as amniotic fluid. 
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0128. In addition, more genetic aberrations associated 
with cancers have been identified recently in a few ongoing 
research projects. For example, the Cancer Genome Atlas 
(TCGA) program is exploring a spectrum of genomic 
changes involved in human cancers. The results of this project 
and other similar research efforts are published and incorpo 
rated herein by reference (Wood, et al. 2007; Jones, et al. 
2008; McLendon, et al. 2008: Parsons, et al. 2008). Specifi 
cally, these research projects have identified genetic aberra 
tions, such as mutations (e.g., missense, nonsense, insertions, 
deletions and duplications), gene expression level variations 
(mRNA or microRNA), copy number variations and nucleic 
acid modification (e.g. methylation), in human glioblastoma, 
pancreatic cancer, breast cancer and/or colorectal cancer. Any 
genetic aberrations associated with cancer are targets that 
may be selected for use in diagnosing and/or monitoring 
cancer by the methods described herein. 
0129. The RAS family of oncogenes is commonly 
mutated in cancer. The Ras family consists of Hras, Kras, and 
Nras genes, all of which encode for GTP-binding proteins 
that act to transmit signals from receptor tyrosine kinases to 
downstream modulators of cell growth. In roughly 20% of all 
human cancers, an activating mutation in a Ras gene is found. 
In 85% of those cases, the mutated Ras gene is the Kras gene. 
Additionally, Kras mutations are found in roughly 50% of all 
colorectal cancers (Janciketal. 2010). During tumorigenesis, 
aberrant Ras signaling can lead to uncontrolled cell prolifera 
tion and resistance to apoptosis. Moreover, Ras has been 
shown to play an important role in the expression of matrix 
metalloproteinases, as well as other processes that promote 
tumor invasion and metastasis. 

0130. The ability to detect genetic aberrations in 
microvesicles of a subject provides a useful model for prac 
ticing companion diagnostics. Based on analyses of nucleic 
acids from the microvesicles of a subject having a disease or 
other medical condition, therapeutic treatment may be tai 
lored for that Subject. For example, a companion diagnostic 
test kit may be developed to test for one or more mutations in 
the Kras gene. Based on the presence or absence of Such 
mutations, a particular therapeutic treatment may or may not 
be recommended. 

0131 The Kras protein regulates two signaling pathways: 
(1) PI 3-kinase/phosphatase and tensin homolog (PTEN)/ 
AKT and (2) RAF/MEK/ERK. These pathways are popular 
targets for anti-cancer therapies, including drugs which target 
Epidermal Growth Factor Receptor (EGFR), upstream from 
Kras. When bound to its ligand, EGFR initiates tyrosine 
kinase activity, activating Kras, and the signaling pathways 
(Quest Diagnostics, KRAS Mutation Analysis, Reference 
Materials (taken from website at http://www.questdiagnos 
tics.com/hcp?intguide/jsp/showintguidepage.jsp?fn=TS 
KRAS.htm) (last visited Sep. 9, 2010). 
0132 Existing therapies that target EGFR are used to treat 
various cancers, including colorectal cancer and non-small 
cell cancer. These therapies employ either: (a) monoclonal 
antibodies, such as cetuximab or panitumumab, that abrogate 
ligand binding and, thus, EGFR activation; or (b) tyrosine 
kinease inhibitors, such as erlotinib, that prevent activation of 
the signaling pathways. However, Such therapies are rendered 
ineffective when the defect in the signaling pathway occurs 
downstream of these targets (Quest Diagnostics, KRAS 
Mutation Analysis, Reference Materials (taken from website 
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at http://www.questdiagnostics.com/hcp?intguide/jsp/show 
intguidepage.jsp?fn=TS KRAS.htm) (last visited Sep. 9, 
2010). 
0.133 Kras mutations in cancers are frequently found in 
codons 12, 13, and 61. Mutations in codons 12 and 13 of Kras 
have been associated with unresponsiveness to EGFR-tar 
geted therapies in both colorectal cancer and non-Small-cell 
cancer. Accordingly, cancer patients bearing mutations in 
codons 12 and 13 should not receive treatment that targets the 
EGFR, and should be treated with alternative therapies with 
different targets (Quest Diagnostics, KRAS Mutation Analy 
sis, Reference Materials (taken from website at http://www. 
questdiagnostics.com/hcp?intguide/jsp/showintguidepage. 
jsp?fn=TS KRAS.htm) (last visited Sep. 9, 2010). 
0.134 Seven common somatic mutations of the Kras gene 
are depicted in Table 1: 

TABLE 1 

KRAS Mutations 

Mutation (Codon Number) Base Change 

Gly12Ala GGT > GCT 
Gly12Asp GGT > GAT 
Gly12Arg GGT > CGT 
Gly12Cys GGT > TGT 
Gly12Ser GGT > AGT 
Gly12Val GGT > GTT 
Gly13Asp GGC > GAC 

0.135 Detection of one or more nucleotide variants can be 
accomplished by performing a nucleotide variant screen on 
the nucleic acids within the microvesicles. Such a screen can 
be as wide or narrow as determined necessary or desirable by 
the skilled practitioner. It can be a wide screen (set up to detect 
all possible nucleotide variants in genes known to be associ 
ated with one or more cancers or disease states). Where one 
specific cancer or disease is suspected or known to exist, the 
screen can be specific to that cancer or disease. One example 
is a brain tumor/brain cancer Screen (e.g., set up to detect all 
possible nucleotide variants in genes associated with various 
clinically distinct Subtypes of brain cancer or known drug 
resistant or drug-sensitive mutations of that cancer). 
0.136. In one embodiment, the analysis is of a profile of the 
amounts (levels) of specific nucleic acids present in the 
microvesicle, herein referred to as a "quantitative nucleic acid 
profile' of the microvesicles. In another embodiment, the 
analysis is of a profile of the species of specific nucleic acids 
present in the microvesicles (both wild type as well as vari 
ants), herein referred to as a “nucleic acid species profile. A 
term used herein to refer to a combination of these types of 
profiles is “genetic profile' which refers to the determination 
of the presence or absence of nucleotide species, variants and 
also increases or decreases in nucleic acid levels. 
0.137. Once generated, these genetic profiles of the 
microvesicles are compared to those expected in, or other 
wise derived from a healthy normal individual. A profile can 
be a genome wide profile (set up to detect all possible 
expressed genes or DNA sequences). It can be narrower as 
well, such as a cancer wide profile (set up to detect all possible 
genes or nucleic acids derived therefrom, or known to be 
associated with one or more cancers). Where one specific 
cancer is suspected or known to exist, the profile can be 
specific to that cancer (e.g., set up to detect all possible genes 
or nucleic acids derived therefrom, associated with various 
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clinically distinct subtypes of that cancer or known drug 
resistant or sensitive mutations of that cancer). 
0138 Which nucleic acids are to be amplified and/or ana 
lyzed can be selected by the skilled practitioner. The entire 
nucleic acid content of the exosomes or only a Subset of 
specific nucleic acids which are likely or Suspected of being 
influenced by the presence of a disease or other medical 
condition Such as cancer, can be amplified and/or analyzed. 
The identification of a nucleic acid aberration(s) in the ana 
lyzed microvesicle nucleic acid can be used to diagnose the 
Subject for the presence of a disease Such as cancer, hereditary 
diseases or viral infection with which that aberration(s) is 
associated. For instance, analysis for the presence or absence 
of one or more nucleic acid variants of a gene specific to a 
cancer (e.g. the Kras mutation) can indicate the cancer's 
presence in the individual. 
0.139. In one embodiment, mutations of a gene which is 
associated with a disease such as cancer (e.g. via nucleotide 
variants, over-expression or under-expression) are detected 
by analysis of nucleic acids in microvesicles, which nucleic 
acids are derived from the genome itself in the cell of origin or 
exogenous genes introduced through viruses. The nucleic 
acid sequences may be complete or partial, as both are 
expected to yield useful information in diagnosis and prog 
nosis of a disease. The sequences may be sense or anti-sense 
to the actual gene or transcribed sequences. The skilled prac 
titioner will be able to devise detection methods for a nucle 
otide variance from either the sense or anti-sense nucleic 
acids which may be present in a microvesicle. Many such 
methods involve the use of probes which are specific for the 
nucleotide sequences which directly flank, or contain the 
nucleotide variances. Such probes can be designed by the 
skilled practitioner given the knowledge of the gene 
sequences and the location of the nucleic acid variants within 
the gene. Such probes can be used to isolate, amplify, and/or 
actually hybridize to detect the nucleic acid variants, as 
described in the art and herein. 
0140. Determining the presence or absence of a particular 
nucleotide variant or plurality of variants in the nucleic acid 
within microvesicles from a subject can be performed in a 
variety of ways. A variety of methods are available for such 
analysis, including, but not limited to, PCR, hybridization 
with allele-specific probes, enzymatic mutation detection, 
chemical cleavage of mismatches, mass spectrometry or 
DNA sequencing, including minisequencing. In particular 
embodiments, hybridization with allele specific probes can 
be conducted in two formats: 1) allele specific oligonucle 
otides bound to a solid phase (glass, silicon, nylon mem 
branes) and the labeled sample in solution, as in many DNA 
chip applications, or 2) bound sample (often cloned DNA or 
PCR amplified DNA) and labeled oligonucleotides in solu 
tion (either allele specific or short so as to allow sequencing 
by hybridization). Diagnostic tests may involve a panel of 
variances, often on a solid Support, which enables the simul 
taneous determination of more than one variance. In another 
embodiment, determining the presence of at least one nucleic 
acid variance in the microvesicle nucleic acid entails a hap 
lotyping test. Methods of determining haplotypes are known 
to those of skill in the art, as for example, in WO 00/04194. 
0141. In one embodiment, the determination of the pres 
ence or absence of a nucleic acid variant(s) involves deter 
mining the sequence of the variant site or sites (the exact 
location within the sequence where the nucleic acid variation 
from the norm occurs) by methods such as polymerase chain 
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reaction (PCR), chain terminating DNA sequencing (U.S. 
Pat. No. 5547859), minisequencing (Fiorentino, et al. 2003), 
oligonucleotide hybridization, pyrosequencing, Illumina 
genome analyZer, deep sequencing, mass spectrometry or 
other nucleic acid sequence detection methods. Methods for 
detecting nucleic acid variants are well known in the art and 
disclosed in WO 00/04194, incorporated herein by reference. 
In an exemplary method, the diagnostic test comprises ampli 
fying a segment of DNA or RNA (generally after converting 
the RNA to complementary DNA) spanning one or more 
known variants in the desired gene sequence. This amplified 
segment is then sequenced and/or subjected to electrophore 
sis in order to identify nucleotide variants in the amplified 
Segment. 
0142. In one embodiment, the invention provides a 
method of screening for nucleotide variants in the nucleic 
acid of microvesicles isolated as described herein. This can be 
achieved, for example, by PCR or, alternatively, in a ligation 
chain reaction (LCR) (Landegren, et al. 1988; Nakazawa, et 
al. 1994: Abravaya, et al. 1995). LCR can be particularly 
useful for detecting point mutations in a gene of interest 
(Abravaya, etal. 1995). The LCR method comprises the steps 
of designing degenerate primers for amplifying the target 
sequence, the primers corresponding to one or more con 
served regions of the nucleic acid corresponding to the gene 
of interest, amplifying PCR products with the primers using, 
as a template, a nucleic acid obtained from a microvesicle, 
and analyzing the PCR products. Comparison of the PCR 
products of the microvesicle nucleic acid to a control sample 
(either having the nucleotide variant or not) indicates variants 
in the microvesicle nucleic acid. The change can be either an 
absence or presence of a nucleotide variant in the 
microvesicle nucleic acid, depending upon the control. 
0143. In one embodiment, the invention provides a 
method of screening for nucleotide variants of the Kras gene 
isolated from microvesicles. In one embodiment, the detec 
tion of mutations in the Kras gene is performed by a real-time 
PCR assay using a KRAS PCR Kit (Qiagen(R). While the 
KRAS PCR Kit is intended to be used with genomic DNA 
samples, it may also be employed for use with other nucleic 
acid samples that are not derived from genomic DNA, pro 
vided the KRAS PCR Kit is modified. For example, in 
another embodiment, the KRAS PCR Kit is modified to quan 
titatively detect Kras mutants from RNA samples. Isolated 
RNA is reverse transcribed via Reverse Transcriptase (RT) 
into complementary DNA (cDNA). In order to remove the 
impurities from the RT reaction, the cDNA sample is purified 
using standard techniques known in the art for purifying 
DNA, including, e.g., by ethanol precipitation and via puri 
fication columns. Alternatively, the cDNA may be diluted. 
Once it is substantially free from the impurities of the RT 
reaction, either by purification or dilution, the cDNA sample 
is subject to the amplification steps of the KRAS PCR Kit. 
Because of this modification, i.e., the added step of purifying 
the cDNA template prior to amplification, the KRAS PCRKit 
may be employed to detect, quantify, and analyze RNA 
samples. 
0144. Many methods of diagnosis performed on a tumor 
biopsy sample can be performed with microvesicles since 
tumor cells are known to shed microvesicles into bodily fluid 
and the genetic aberrations within these microvesicles reflect 
those within tumor cells as demonstrated herein. Further 
more, methods of diagnosis using microvesicles have char 
acteristics that are absent in methods of diagnosis performed 
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directly on a tumor biopsy sample. For example, one particu 
lar advantage of the analysis of microvesicular nucleic acids, 
as opposed to other forms of sampling of tumor/cancer 
nucleic acid, is the availability for analysis of tumor/cancer 
nucleic acids derived from all foci of a tumor or genetically 
heterogeneous tumors present in an individual. Biopsy 
samples are limited in that they provide information only 
about the specific focus of the tumor from which the biopsy is 
obtained. Different tumorous/cancerous foci found within the 
body, or even within a single tumor often have different 
genetic profiles and are not analyzed in a standard biopsy. 
However, analysis of the microvesicular nucleic acids from 
an individual presumably provides a sampling of all foci 
within an individual. This provides valuable information with 
respect to recommended treatments, treatment effectiveness, 
disease prognosis, and analysis of disease recurrence, which 
cannot be provided by a simple biopsy. 
0145. In one embodiment, the microvesicle fraction from 
a bodily fluid of a subject is pre-treated with DNase to elimi 
nate or substantially eliminate all of any DNA located on the 
surface of the microvesicles or outside of the microvesicles. 
Without DNAse pre-treatment, short DNA fragments on the 
outside of microvesicles may remain and co-isolate with 
nucleic acids extracted from inside the microvesicles. Thus, 
elimination of all or substantially all of any DNA associated 
with the outside or surface of microvesicles by pre-treatment 
of the microvesicles with DNase, has the ability to enrich for 
nucleic acid from within the microvesicles. 

0146 Identification of genetic aberrations associated with 
specific diseases and/or medical conditions by the methods 
described herein can also be used for prognosis and treatment 
decisions of an individual diagnosed with a disease or other 
medical condition Such as cancer. Identification of the genetic 
basis of a disease and/or medical condition provides useful 
information guiding the treatment of the disease and/or medi 
cal condition. For example, many forms of chemotherapy 
have been shown to be more effective on cancers with specific 
genetic abnormalities/aberrations. One example is the effec 
tiveness of EGFR-targeting treatments with medicines, such 
as the kinase inhibitors gefitinib and erlotinib. Such treat 
ments have been shown to be more effective on cancer cells 
whose EGFR gene harbors specific nucleotide mutations in 
the kinase domain of the EGFR protein (U.S. Patent publica 
tion 20060147959). In other words, the presence of at least 
one of the identified nucleotide variants in the kinase domain 
of EGFR nucleic acid message indicates that a patient will 
likely benefit from treatment with the EGFR-targeting com 
pound gefitinib or erlotinib. Such nucleotide variants can be 
identified in nucleic acids present in microvesicles by the 
methods described herein. 

0147 Genetic aberrations in other genes have also been 
found to influence the effectiveness of treatments. As dis 
closed in the publication by Furnari et al. (Furnari, et al. 
2007), mutations in a variety of genes affect the effectiveness 
of specific medicines used in chemotherapy for treating brain 
tumors. The identification of these genetic aberrations in the 
nucleic acids within microVesicles has the potential to guide 
the selection of proper treatment plans. 
0148. Other aspects of the present invention relate to a 
method for monitoring disease (e.g. cancer) progression in a 
Subject, and also to a method for monitoring disease recur 
rence in an individual. These methods comprise the steps of 
isolating microvesicles from a bodily fluid of an individual, as 
discussed herein, and analyzing nucleic acid within the 
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microvesicles as discussed herein (e.g. to create a genetic 
profile of the microvesicles). The presence/absence of a cer 
tain genetic aberration/profile is used to indicate the presence? 
absence of the disease (e.g. cancer) in the Subject as discussed 
herein. The process is performed periodically over time, and 
the results reviewed, to monitor the progression or regression 
of the disease, or to determine recurrence of the disease. Put 
another way, a change in the genetic profile indicates a change 
in the disease state in the subject. The period of time to elapse 
between sampling of microvesicles from the Subject, for per 
formance of the isolation and analysis of the microvesicle, 
will depend upon the circumstances of the Subject, and is to be 
determined by the skilled practitioner. Such a method would 
prove extremely beneficial when analyzing a nucleic acid 
from a gene that is associated with the therapy undergone by 
the Subject. For example, a gene which is targeted by the 
therapy can be monitored for the development of mutations 
which make it resistant to the therapy, upon which time the 
therapy can be modified accordingly. The monitored gene 
may also be one which indicates specific responsiveness to a 
specific therapy. 
0149 Aspects of the present invention also relate to the 
fact that a variety of non-cancer diseases and/or medical 
conditions also have genetic links and/or causes, and Such 
diseases and/or medical conditions can likewise be diagnosed 
and/or monitored by the methods described herein. Many 
Such diseases are metabolic, infectious or degenerative in 
nature. One such disease is diabetes (e.g. diabetes insipidus) 
in which the vasopressin type 2 receptor (V2R) is modified. 
Another such disease is kidney fibrosis in which the genetic 
profiles for the genes of collagens, fibronectin and TGF-Dare 
changed. Changes in the genetic profile due to Substance 
abuse (e.g. a steroid or drug use), viral and/or bacterial infec 
tion, and hereditary disease states can likewise be detected by 
the methods described herein. 

0.150 Diseases or other medical conditions for which the 
inventions described herein are applicable include, but are not 
limited to, nephropathy, diabetes insipidus, diabetes mellitus, 
diabetes type I, diabetes II, renal disease glomerulonephritis, 
bacterial or viral glomerulonephritides, IgA nephropathy, 
Henoch-Schonlein Purpura, membranoproliferative glom 
erulonephritis, membranous nephropathy, Sjogren's Syn 
drome, nephrotic syndrome minimal change disease, focal 
glomerulosclerosis and related disorders, acute renal failure, 
acute tubulointerstitial nephritis, pyelonephritis, GU tract 
inflammatory disease, Pre-clampsia, renal graft rejection, 
leprosy, reflux nephropathy, nephrolithiasis, genetic renal 
disease, medullary cystic, medullar sponge, polycystic kid 
ney disease, autosomal dominant polycystic kidney disease, 
autosomal recessive polycystic kidney disease, tuberous scle 
rosis, Von Hippel-Lindau disease, familial thin-glomerular 
basement membrane disease, collagen III glomerulopathy, 
fibronectinglomerulopathy, Alport's syndrome, Fabry's dis 
ease, Nail-Patella Syndrome, congenital urologic anomalies, 
monoclonal gammopathies, multiple myeloma, amyloidosis 
and related disorders, febrile illness, familial Mediterranean 
fever, HIV infection-AIDS, inflammatory disease, systemic 
vasculitides, polyarteritis nodosa, Wegener's granulomato 
sis, polyarteritis, necrotizing and crecentic glomerulonephri 
tis, polymyositis-dermatomyositis, pancreatitis, rheumatoid 
arthritis, systemic lupus erythematosus, gout, blood disor 
ders, sickle cell disease, thrombotic thrombocytopenia pur 
pura, Fanconi's syndrome, transplantation, acute kidney 
injury, irritable bowel syndrome, hemolytic-uremic Syn 
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drome, acute corticol necrosis, renal thromboembolism, 
trauma and Surgery, extensive injury, burns, abdominal and 
vascular Surgery, induction of anesthesia, side effect of use of 
drugs or drug abuse, circulatory disease myocardial infarc 
tion, cardiac failure, peripheral vascular disease, hyperten 
Sion, coronary heart disease, non-atherosclerotic cardiovas 
cular disease, atherosclerotic cardiovascular disease, skin 
disease, Soriasis, systemic sclerosis, respiratory disease, 
COPD, obstructive sleep apnoea, hypoia at high altitude or 
endocrine disease, or acromegaly. 
0151. Selection of an individual from whom the 
microvesicles are isolated is performed by the skilled practi 
tioner based upon analysis of one or more of a variety of 
factors. Such factors for consideration are whether the subject 
has a family history of a specific disease (e.g. a cancer), has a 
genetic predisposition for Such a disease, has an increased 
risk for Such a disease due to family history, genetic predis 
position, other disease or physical symptoms which indicate 
a predisposition, or environmental reasons. Environmental 
reasons include lifestyle, exposure to agents which cause or 
contribute to the disease Such as in the air, land, water or diet. 
In addition, having previously had the disease, being cur 
rently diagnosed with the disease prior to therapy or after 
therapy, being currently treated for the disease (undergoing 
therapy), being in remission or recovery from the disease, are 
other reasons to select an individual for performing the meth 
ods. 
0152 The methods described herein are optionally per 
formed with the additional step of selecting a gene or nucleic 
acid for analysis, prior to the analysis step. This selection can 
be based on any predispositions of the Subject, or any previ 
ous exposures or diagnosis, or therapeutic treatments experi 
enced or concurrently undergone by the Subject. 
0153. The cancer diagnosed, monitored or otherwise pro 

filed, can be any kind of cancer. This includes, without limi 
tation, epithelial cell cancers such as lung, ovarian, cervical, 
endometrial, breast, brain, colon and prostate cancers. Also 
included are gastrointestinal cancer, head and neck cancer, 
non-Small cell lung cancer, cancer of the nervous system, 
kidney cancer, retina cancer, skin cancer, liver cancer, pan 
creatic cancer, genital-urinary cancer and bladder cancer, 
melanoma, and leukemia. In addition, the methods and com 
positions of the present invention are equally applicable to 
detection, diagnosis and prognosis of non-malignant tumors 
in an individual (e.g. neurofibromas, meningiomas and Schw 
annomas). 
0154 The invention is further illustrated by the following 
examples, which should not be construed as further limiting. 

EXAMPLES 

Example 1 

0155 Method of Analyzing Kras mutations using 
microvesicles isolated from serum and plasma samples. 
0156 Following proper protocols, serum and plasma 
samples from 12 colorectal cancer patients were obtained for 
the following analysis. 
O157 To isolate microvesicles, 0.6-2 milliliter serum was 
filtered through a 0.8 um filter to remove any cell contamina 
tion. Microvesicles were then pelleted by ultracentrifugation 
at 110,000xg for 70 minutes. 
0158. For the extraction of RNA from microvesicles, the 
pelleted microvesicles were incubated in an RNAse inhibitor 
solution for 20 minutes at room temperature. The RNase 
inhibitor can be obtained from various known vendors, e.g., 
SUPERase-In (Ambion Inc). Total RNA was then extracted 
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from the RNAse-treated microvesicles using miRNeasy RNA 
extraction kit (Qiagen). Alternatively, various commercial 
RNA extraction kits such as the QIAamp RNA Blood Mini 
Kit from Qiagen, QIAamp viral RNA mini kit (Qiagen) and 
the MirVana RNA isolation kit from Ambion Inc. may be used 
according to the manufacturer's protocols. After treatment 
with DNAse according to the manufacturer's protocol, total 
RNA was eluted in 30 ul nuclease-free water. 
0159. The extracted RNAs were then analyzed using a 
Bioanalyzer RNA chip (Agilent Technologies) to confirm the 
quality of the RNA. See FIG.1. The isolated RNAs were then 
analyzed by a quantitative PCR assay; namely, a modified 
Scorpion(R) Kras mutation detection method. The off-the 
shelfKRAS Mutation Test Kit is intended for the detection of 
7 somatic mutations in the KRAS oncogene. The kit is mar 
keted and sold for use on DNA samples and will provide a 
qualitative assessment of mutation status. In our modified 
method, the isolated RNAs were first reverse-transcribed into 
cDNAS using a standard reverse transcription method, e.g., 
the Sensiscript RT kit (Qiagen). The RNA-reverse-tran 
scribed cDNAs were then purified using micro-columns with 
filters capable of retaining molecules above 30 kDa or 20-40 
nucleotides. The purified cDNAs were used in the Scorpion(R) 
Kras mutation detection PCR reactions. 
0160. As shown in FIG. 2, Kras Exon 4 can be readily 
detected when the cDNAs from serum and plasma exosomes 
were used. The number of cycles for the serum exosomes (C) 
was less than the number of cycles for the plasma exosomes 
(D), Suggesting that serum RNA was more abundant than 
plasma RNA. As expected, the positive controls can be 
detected and the negative controls cannot. 
0.161. In addition, as shown in FIG. 3, the Kras G12D 
mutation can be readily detected when the cDNAs from 
serum and plasma exosomes were used. The number of cycles 
for the serum exosomes (C) was similar to the number of 
cycles for the plasma exosomes (D), Suggesting that serum 
exosomes RNA was as abundantas plasma exosome RNA. As 
expected, the positive controls can be detected and the nega 
tive controls cannot. 
0162. Overall, among the 12 patient serum samples, Kras 
mutations were detected in 3 true positive samples while Kras 
mutations were not detected in 2 true positive samples. How 
ever, Kras mutations were not detected in any of the true 
negative samples, demonstrating that the method disclosed 
here does not give false positives. 

Example 2 

0163 Positive and Negative Control Reactions For the 
Detection of Kras Exon 4 and Kras G12A Mutations. 
0164 Scorpion R. Kras mutation detection PCR reactions 
to detect Kras Exon 4 were performed on positive and nega 
tive controls (FIG. 4(a)). Scorpion(R) Kras mutation detection 
PCR reactions to detect Kras G12A mutations were per 
formed on positive and negative controls (FIG. 4(b)). As is 
shown in FIG.4, the positive controls can be detected and the 
negative controls cannot. 

Example 3 

0.165 DNase pre-treatment in method of analyzing Kras 
Exon 4 in RNA and DNA associated with microvesicles iso 
lated from serum and plasma samples. 
0166 Following proper protocols, serum and plasma 
samples were obtained for the following analysis, from a 
patient diagnosed with colorectal cancer and having a Kras 
G12A mutation, confirmed by pathology evaluation of a 
biopsy. 
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0167 Microvesicles were isolated as described previously 
in Example 1. Prior to isolation of nucleic acids from the 
microvesicles, a Subset of the isolated microvesicles was pre 
treated with DNase (TurboTM DNase (Ambion(R)) in order to 
eliminate or substantially eliminate any DNA located on the 
surface of the microvesicles or outside of the microvesicles. 
The remaining subset of microvesicles was left untreated. 
Samples of nucleic acid (both RNA and DNA) were obtained 
for analysis as described previously in Example 1. The RNA 
was reverse-transcribed into cDNA, as described in Example 
1. The purified cDNA (FIG. 5(a)) and DNA (FIG. 5(b)) were 
used in Scorpion(R) Kras mutation detection PCR reactions to 
detect Kras Exon 4 (Note: the Ct values between the RNA 
reverse-transcribed cDNA and the DNA cannot be directly 
compared since the RNA becomes diluted in the cDNA reac 
tion and Subsequent purification). As can be seen in FIGS. 
5(a) and (b), the Scorpion(R) Kras mutation detection PCR 
reactions were able to successfully detect Kras Exon 4 in 
DNA obtained directly from microvesicles, as well as from 
RNA-reverse-transcribed cDNA, whether or not the 
microvesicles were pre-treated with DNase. As can also be 
seen in FIGS. 5(a) and (b), plasma RNA and DNA containing 
Kras Exon 4 were more abundant in the samples that came 
from microvesicles that were optionally pre-treated with 
DNase, than those that came from untreated microvesicles. 
These findings suggest that the DNase pre-treatment may 
have the effect of eliminating DNA associated with the 
microvesicles that might otherwise contaminate the Subse 
quent PCR reaction, and thereby enrich for mutant nucleic 
acids. 

Example 4 
0168 DNase pre-treatment in method of analyzing the 
Kras G12A mutation in RNA and DNA using microvesicles 
isolated from serum and plasma samples, treated with DNase. 
0169. Following proper protocols, serum and plasma 
samples were obtained for the following analysis, from the 
same patient as in Example 3, diagnosed with colorectal 
cancer and having a Kras G12A mutation, confirmed by 
pathology evaluation of a biopsy. 
0170 Microvesicles were isolated as described previously 
in Example 1, and were either subjected to pre-treatment with 
DNase or left untreated, as described previously in Example 
3. Samples of RNA and DNA were obtained for analysis as 
described previously in Example 1 and Example 2, respec 
tively. RNA was subsequently transcribed into cDNA, as 
described in Example 1. The purified cDNA (FIG. 6(a)) and 
DNA (FIG. 6(b)) were used in Scorpion(R) Kras mutation 
detection PCR reactions to detect Kras G12A mutations. As 
can be seen in FIGS. 6(a) and (b), the Scorpion(R) Kras muta 
tion detection PCR reactions were able to successfully detect 
the Kras G12A mutant in DNA obtained directly from 
microvesicles, as well as from RNA-reverse-transcribed 
cDNA, whether or not the microvesicles were pre-treated 
with DNase. As can also be seen in FIGS. 6(a) and (b), plasma 
RNA and DNA containing the Kras G12A mutation were 
more abundant in the samples that came from microvesicles 
that were pre-treated with DNase, than those that came from 
untreated microvesicles, Supporting the Suggestion that 
DNase pre-treatment has the potential to eliminate DNA 
associated with the microvesicles that might otherwise con 
taminate the subsequent PCR reaction, and thereby enrich for 
mutant nucleic acids. 
0171 All patents, patent applications, and publications 
identified are expressly incorporated herein by reference for 
the purpose of describing and disclosing, for example, the 
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methodologies described in Such publications that might be 
used in connection with the present invention. These publi 
cations are provided solely for their disclosure prior to the 
filing date of the present application. Nothing in this regard 
should be construed as an admission that the inventors are not 
entitled to antedate such disclosure by virtue of prior inven 
tion or for any other reason. All statements as to the date or 
representation as to the contents of these documents is based 
on the information available to the applicants and does not 
constitute any admission as to the correctness of the dates or 
contents of these documents. 
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0215. While the present invention has been disclosed with 
reference to certain embodiments, numerous modifications, 
alterations, and changes to the described embodiments are 
possible without departing from the sphere and scope of the 
present invention, as defined in the appended claims. Accord 
ingly, it is intended that the present invention not be limited to 
the described embodiments, but that it has the full scope 
defined by the language of the following claims, and equiva 
lents thereof. 

1-26. (canceled) 
27. A method for diagnosis or prognosis of a disease or 

other medical condition associated with a Kras genetic aber 
ration in a subject, comprising analyzing nucleic acid con 
tained within microvesicles isolated from a body fluid of the 
Subject, for the presence of a Kras genetic aberration. 

28. The method claim 27, wherein the microvesicles are 
treated with DNase prior to analysis to eliminate DNA 
located outside of the microvesicles. 

29. The method of claim 27, wherein the Kras genetic 
aberration is selected from the group consisting of G12A, 
G12D, G12R, G12C, G12S, G12V, and G13D. 

30. The method of claim 27, wherein the disease or other 
medical condition is cancer. 

31. The method of claim 30, wherein the cancer is selected 
from the group consisting of colorectal, pancreatic, thyroid, 
lung, acute myeloid leukemia, and glioblastoma. 

32. The method of claim 27, wherein the body fluid is 
blood, plasma, serum, urine, or combinations thereof. 

33. The method of claim 27, wherein the microvesicles are 
enriched for those originating from a specific cell type. 

34. The method of claim 33, wherein the specific cell type 
is lung, pancreas, stomach, intestine, bladder, kidney, ovary, 
testis, skin, colorectal, breast, prostate, brain, esophagus, 
liver, placenta, or fetus cells. 

35. The method of claim 33, wherein a microvesicular 
Surface molecule is used to enrich for microVesicles from a 
specific cell type. 
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36. The method of claim 35, wherein the microvesicular 
Surface molecule is a Surface antigen associated with tumor 
cells. 

37. The method of claim 35, wherein the microvesicular 
surface molecule is epithelial-cell-adhesion-molecule (Ep 
CAM), CD24, CD70, carcinoembryonic antigen (CEA), 
EGFR, EGFRVIII and other variants, Fas ligand, TRAIL, 
transferrin receptor, p38.5, p97, or HSP72. 

38. The method of claim 33, wherein the absence of a 
microvesicular Surface molecule is used to enrich for 
microvesicles from a specific cell type. 

39. The method of claim 38, wherein the surface molecule 
is CD80 or CD86. 

40. The method of claim 33, wherein the microvesicles are 
enriched using antibodies, aptamers, aptamer analogs, or 
molecularly imprinted polymers. 

41. The method of claim 27, wherein the nucleic acids are 
extracted from the microvesicles prior to analysis. 

42. The method of claim 27, wherein the nucleic acid is 
DNA. 

43. The method of claim 27, wherein the nucleic acid is 
RNA. 

44. The method of claim 43, wherein the RNA is reverse 
transcribed into complementary DNA. 

45. The method of claim 27, wherein the nucleic acid is 
analyzed directly without an amplification step. 

46. The method claim 27, wherein the nucleic acid is 
amplified prior to analysis. 
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47. The method of claim 46, wherein the nucleic acid is 
amplified by polymerase chain reaction (PCR), in situ PCR, 
quantitative PCR, nested PCR, self-sustained sequence rep 
lication, transcriptional amplification system, Qb Replicase, 
or cold-PCR. 

48. The method of claim 27, wherein the subject is a human 
colorectal cancer patient. 

49. A method for detecting a Kras genetic aberration in a 
Subject, comprising analyzing nucleic acid contained within 
microvesicles isolated from a body fluid of a subject, for the 
presence of a Kras genetic aberration. 

50. A method for monitoring the status of a disease or other 
medical condition associated with a Kras genetic aberration 
in a Subject, comprising periodically analyzing nucleic acid 
contained within microvesicles isolated from a body fluid of 
a Subject, for the presence of a Kras genetic aberration asso 
ciated with the disease or other medical condition. 

51. A method for evaluating treatment efficacy in a subject 
for a disease or other medical condition in which a Kras 
genetic aberration is associated with unresponsiveness to 
therapy, comprising analyzing nucleic acid contained within 
microvesicles isolated from a body fluid of the subject, for the 
presence of a Kras genetic aberration, wherein detection of 
the presence of a Kras genetic aberration indicates unrespon 
siveness to therapy. 


