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Human urine has been shown to possess submicro-
gram per milliliter amounts of DNA. We show here
that DNA isolated from human urine resolves into two
size categories: the large species, greater than 1 kb,
being predominantly cell associated and heteroge-
neous in size, and the smaller, between 150 to 250 bp,
being mostly non-cell associated. We showed that the
low molecular weight class of urine DNA is derived
from the circulation, by comparing the mutated K-ras
sequences present in DNA isolated from tumor,
blood, and urine derived from an individual with a
colorectal carcinoma (CRC) containing a mutation in
codon 12 of the K-ras proto-oncogene. In the urine,
mutated K-ras sequences were abundant in the low
molecular weight species, but far less abundant in the
large molecular weight-derived DNA. Finally, the pos-
sibility that detection of mutant K-ras sequences in
DNA derived from the urine correlates with the oc-
currence of a diagnosis of CRC and polyps that con-
tain mutant K-ras was explored in a blinded study.
There was an 83% concurrence of mutated DNA de-
tected in urine and its corresponding disease tissue
from the same individuals, when paired urine and
tissue sections from 20 subjects with either CRC or
adenomatous polyps were analyzed for K-ras muta-
tion. The possibility that the source of the trans renal
DNA is apoptotic cells, and the potential use of this
finding for cancer detection and monitoring is dis-
cussed. (J Mol Diagn 2004, 6:101-107)

Circulating DNA has been detected in serum and plasma
of both healthy and diseased individuals."? DNA contain-
ing cancer “signatures” (mutations or hypermethylation)
has been found in the plasma or serum of patients with
small cell lung cancer,® head and neck cancer,* clear
cell renal cancer,® pancreatic cancer,® breast cancer,’
hepatocellular carcinoma,® non-small cell lung cancer,®
and colorectal carcinoma (CRC).' In almost all in-
stances where tumor tissue was available, the mutations
in the plasma were identical to those detected in the
primary tumor, suggesting that the circulating mutant
DNA was of tumor origin. Circulating DNA as a source for
molecular diagnosis and prognosis is considered prom-
ising and was recently reviewed.""

Urine is collected body fluid that has been filtered
through the kidney barrier. It has been suggested that
small amounts of cell-free circulating DNA in the blood
can pass the kidney barrier into urine,''® and tumor-
specific sequences were detected in DNA isolated from
urine. Sample collection of urine is non-invasive, and
isolation of DNA from urine is technically easier than from
serum or plasma, due to the low protein content of urine.
Thus, urine could be a useful source of circulating DNA
for molecular diagnosis and prognosis. It was, therefore,
of interest to characterize the nature of the nucleic acid
recovered from urine, as compared to circulating DNA in
the bloodstream. Here, the potential of urine-derived
DNA in cancer detection has been explored by using a
well- characterized mutation in circulating (plasma and
serum) DNA: the K-ras codon 12 mutation in colorectal
cancer or adenomatous-polyp patients.

Materials and Methods

Study Subjects and Specimens

Participants were recruited from the Great Lakes New
England Clinical Epidemiological Center including Uni-
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versity of Michigan, Dana-Farber Harvard Cancer Center,
Henry Ford Health System, and University of Toronto.
Cancer patients were enrolled from the surgical or onco-
logic serives (before initiation of chemo- or radiation ther-
apy or surgery). Most “healthy-no known neoplasia” con-
trols were subjects enrolled at the endoscopy suites, but
had undergone a negative colonoscopy. Patient samples
were obtained under institutional Division of Human Sub-
jects Protection (IRB) approvals.

Urine Collection and Fractionation

Fresh collected urine was immediately mixed with 0.5
mol/L EDTA, pH 8.0, to a final concentration of 10 mmol/L
EDTA to inhibit the possible nuclease activity in urine
sample, and stored at —70°C. To isolate total urine DNA,
frozen urine sample was thawed at room temperature,
and then placed immediately in ice before DNA isolation.
Thawed urine would be processed for DNA isolation
within an hour.

To separate the supernatant and cell debris of freshly
collected urine, total urine was centrifuged at 1500 rpm at
4°C for 10 minutes. The supernatant was collected on ice.
The cell pellet was then washed briefly, with 1 ml of
sodium citrate buffer (pH 3.0). The wash-off solution was
collected by centrifugation at 13,000 rpm for 90 seconds
and combined with the supernatant fraction. The pellet
after centrifugation was collected as the cell debris por-
tion of urine.

Serum Collection

Fifty ml of blood was collected in heparinized containers
from informed and consenting subjects. The samples
were permitted to sit at room temperature for a minimum
of 30 minutes (and a maximum of 60 minutes) to allow the
clot to form in the red top tubes, then centrifuged at
1300 X g at 4°C for 20 minutes. The serum was trans-
ferred to a polypropylene, capped tube, and frozen on
dry ice.

DNA [solation

Urine samples were mixed with 1.5 volume of 6 mol/L
guanidine thiocyanate (Sigma, St. Louis, MO) by inverting
eight times. One ml of resin (Wizard DNA Isolation Kit,
Promega, Madison, WI) was added into the urine lysate
and incubated for 2 hours at room temperature with gen-
tle mixing. Resin-DNA complex was centrifuged, trans-
ferred to a mini-column (provided from the kit), washed
with a buffer provided by the manufacturer, and DNA was
eluted with H,O. Serum DNA was isolated as was the
urine DNA, except 2.5 volume of 6 mol/L guanidine thio-
cyanate was used. DNA from paraffin-embedded tissue
sections was isolated using the MasterPure DNA Kit (Epi-
center, Madison, WI) per manufacturer’s instruction.

Restriction-Enriched Polymerase Chain
Reaction Detecting Codon 12 Mutation of K-ras
Gene

The restriction-enriched polymerase chain reaction (RE-
PCR) assay, illustrated in Figure 2A (see Figure 2), dis-
tinguishing wild-type and mutant K-ras sequences in
DNA isolated from urine, serum, or tissue is described as
below. Twenty cycles of Hot-start PCR were performed as
following: DNA, equivalent to 0.2 ml of urine, with 1.5
mmol/L MgCl,, 1X PCR buffer (Qiagen, Valencia, CA), 0.5
U Hot-start Tag (Qiagen), 200 umol/L dNTP, 0.1 wmol/L
primers: L-Ext (5" GCT CTT CGT GGT GTG GTG TCC
ATA TAA ACT TGT GGT AGT TGG ACC T 3’) and R-Ext
(5" GCT CTT CGT GGT GTG GTG TCC CGT CCA CAA
AAT GAT TCT GAZ’) was mixed, denatured at 95°C for 15
minutes and followed by 20 cycles of 94°C for 30 sec-
onds, 52°C for 30 seconds, and 1 cycle of 72°C for 5
minutes. These first 20 cycles of PCR was used to amplify
both wild-type and mutated DNA, but only to introduce an
artificial BstNI site to the 5 end of amplified product
derived from wild-type DNA. After the first round of PCR,
the amplified products were digested with BstNI (New
England Biolabs, Beverly, MA) to eliminate amplified
products derived from wild-type DNA. One of 20 of the
digested product was then subjected to the second Hot-
start PCR with the 1 umol/L primers L (5" ACT GAA TAT
AAACTT GTG GTAGTT GGA CCT 3’) and R-Bst (5’ GTC
CAC AAA ATG ATC CTG GAT TAG C 3') at the following
condition: 95°C for 15 minutes, 40 cycles of 94°C for 30
seconds, 56°C for 30 seconds and followed by 1 cycle of
72°C for 5 minutes. This second set of primers introduced
a BstNI site to the 3’ end of amplified product derived
from both wild-type and mutated templates serving as
internal control for the BstNI diagnostic digestion after the
second PCR. The amplified products (87 bp) of the sec-
ond PCR were digested to completion with BstNI (as
shown by disappearance of the 87-bp DNA fragment),
and resolved through polyacrylamide gels. The appear-
ance of the 71-bp DNA fragment after BstNI digestion [as
illustrated in Figure 1A] is the evidence of the existence of
K-ras mutated DNA. Each sample was assayed 2 to 3
times. The samples was scored as “positive” for K-ras
mutation when the 71-bp DNA fragments appeared after
the second BstNI digestion of the PCR products in 2 of 2
or 2 of 3 repeated assays. As validation controls, the
standard reconstitution samples (as in Figure 2C) were
included in each assay.

Cloning and Sequencing of Mutated K-ras DNA

The 71-bp fragment of the second BstNI-digested PCR
product from the RE-PCR assay was identified by 2%
agarose gel electrophoresis, and isolated from the gel by
using the Perfectprep Gel Cleanup Kit (Eppendorf, Ger-
many). The purified 71-bp fragment was then cloned into
the pPCR-Script Amp SK (+) cloning vector by using the
PCR-Script Amp Cloning Kit (Strategene, La Jolla, CA
USA). The insert was determined by PCR with the T7 and
T3 primers, with the annealing temperature 55°C, 30



cycles. The plasmid DNA containing insert was then iso-
lated by using the Qiaprep Spin Miniprep Kit (Qiagen,
Valencia, CA). The plasmid DNA was sequenced at the
Nucleic Acid Facility, Thomas Jefferson University, Phil-
adelphia, PA.

Determination of the Ratio of Mutated K-ras
DNA to Total K-ras DNA in Low MW and High
MW Urine DNA

Total urine DNA was resolved in a 2.5% agarose gel with
a molecular weight marker, stained with ethidium bro-
mide. The gel slices corresponding to DNA size at 1 kb
and larger (as the high MW urine DNA fraction) or be-
tween 100 to 400 bp (as the low MW urine DNA fraction)
were excised respectively. DNA was eluted from the gel
slices by the MERmaid SPIN Kit (BIO 101, Vista, CA) per
manufacturer’s specification.

To measure the ratio of the amplifiable mutated K-ras
DNA to total K-ras DNA, a serial of twofold dilutions of
eluted high and low MW urine DNA fractions were pre-
pared, and subjected to the PCR with K-ras L-Ext and
R-Ext primers to determine the relative amount of ampli-
fiable K-ras templates in each fraction, and the RE-PCR to
assay for the K-ras mutation, with the standard reconsti-
tution samples. The relative copy numbers of K-ras am-
plifiable template was estimated by comparing it to the
standard DNA control. The ratio of mutated K-ras DNA,
total K-ras DNA, and the fold enrichment of K-ras mutated
DNA was then calculated.

Results

DNA Can Be Recovered from Human Urine and
Occurs as Two General Size Classes

It has been demonstrated that urine contains DNA and
suggested that a portion of this DNA comes from the
bloodstream crossing the kidney barrier.’'3 To confirm
this observation, nucleic acids from the urine of five indi-
viduals, were isolated and examined. The amount of nu-
cleic acids in each sample was determined to be be-
tween 40 and 200 ng/ml using spectrophotometry (Figure
1A). The nucleic acids, isolated and concentrated from
15 ml of urine, were resolved by electrophoresis through
8% polyacrylamide gels, stained with ethidium bromide,
and shown to resolve into two distinct populations with
respect to size: (1) a heterogenous high molecular weight
(MW) form that remained near the well (H, 1 kb and
larger) and (2) a relatively uniform low molecular weight
form (L) between 150 to 250 bp (bp) (Figure 1B).

To verify the nature of nucleic acid recovered from
urine, DNase | and RNase A digestions were performed
before electrophoresis. The results (Figure 1B) show that
both high and low MW forms of the nucleic acid are
RNase resistant, but DNase sensitive. They are thus con-
sidered to be DNA.
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(A) (B)

DNase I 30 min

Sample | DNA ng/ml*
L 98; 195
N 198; 86 H
S 81576
T 43; 86 L
w 59; 49

*DNA was isolated from two
independent days

Figure 1. Size and nature of nucleic acid isolated from human urine. Twenty
ml of urine was collected from five volunteers (L, N, S, T, and W) on 2
different days. DNA was isolated as described in Materials and Methods, and
DNA concentration in each sample was determined by spectrophotometry
reading (A). B: DNA from one volunteer was aliquoted. Each aliquot was
digested with RNase A, DNase I, or left untreated, and then analyzed in an 8%
polyacrylamide gel. The gel was stained with ethidium bromide and photo-
graphed. The first and the last lanes labeled “M” are two different DNA
molecular weight markers. C: DNA isolated from 15 ml of urine (U) from
volunteer W, and 4 ml of human serum (Sigma) (S) was analyzed in an 8%
polyacrymide gel, stained with ethidium bromide and photographed. Ex-
pected mobilities of 1 to 2 unit sizes of nucleosomal (mononucleosomal
(mo) and dinucleosomal (di)) DNA fragments are indicated. D: Recovery of
low MW urine DNA (L) in the supernatant of urine. DNA recovered from the
total urine (T), the supernatant (Sup), and the cell debris pellet (C), was
analyzed in an 8% polyacrymide gel, stained with ethidium bromide and
photographed. The high (H) and low (L) MW urine DNA is indicated.

Comparison of DNA Derived from the Blood
and Urine

DNA isolated from the circulation (serum) and urine was
compared by electrophoresis through an 8% poly-
acrymide gel. Consistent with other reports,’* ' the se-
rum contained fragmented DNA as indicated in Figure 1C
(lane S), as resolved by electrophoresis. Although the
relative abundances of the different size populations
vary, the low MW (L) urine DNA (lane U) is represented by
mostly 1 to 2 nucleosomal size fragments.

To investigate whether the low MW urine DNA is cell-
free, total urine was resolved before DNA isolation, by
low-speed centrifugation into two fractions: the superna-
tant and the cell debris, as described in the Materials and
Methods section. Figure 1D shows that DNA recovered
from total urine (T), the supernatant (Sup), and the cell
debris (C), respectively, as resolved in an 8% poly-
acrymide gel. As predicted, both high and low MW DNA
was recovered from the total urine (T). Interestingly, low
MW urine DNA was mostly recovered in the supernatant
(Sup) of urine. DNA derived from the cell debris pellet (C)
contained high MW urine DNA. This result supports the
hypothesis that the low MW urine DNA species is en-
riched for DNA that is cell-free, and the high MW urine
DNA is mostly derived from the cells shed from the uri-
nary tract.

Evidence that DNA in Urine Is, in Part, Derived
from the Circulation
To further test the hypothesis that urinary DNA was, at

least partially, derived from the circulation, the relative
amounts of mutated K-ras proto-oncogene in different
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tissue compartments derived from an individual with a
colorectal cancer (CRC) containing a codon 12 mutant
K-ras sequence, was determined. DNA derived from ma-
lignant cells, as stated, can appear in the circula-
tion.’®~"® Since the mutant K-ras sequence would be
expected to be in the tumor, but not in other tissue, its
presence (or relative enrichment) in the small versus large
species of urine-derived DNA would be evidence that the
small DNA in the urine contained a contribution from the
circulation.

To detect the codon 12 mutated K-ras genes present in
small DNA fragments, a gel-based restriction-enriched
PCR (RE-PCR)'® was modified to permit amplification of
DNA of less than 300 bp in length, which includes the
size of the smaller species recovered from urine. This
approach is graphically outlined in Figure 2A. As valida-
tion controls, DNA was prepared from sources known to
have either mutant (human adenocarcinoma “12Val”
SW480 cells) or wild-type (human hepatoblastoma
HepG2 cells) K-ras sequences, and subjected to PCR,
with the results shown in Figure 2C.

DNA prepared from the urine of an individual with no
diagnosis of cancer (Zu) contained no detectable levels
of mutant K-ras (no appearance of a 71-bp fragment after
BstNI digestion) under the conditions of amplification
used, although wild-type K-ras was readily detected (Fig-
ure 2B). DNA was also prepared from tumor (AAt) and
surrounding non-tumor tissue (AAadj), serum (AAs), and
urine (AAu) obtained from an individual (AA) with a biop-
sy-confirmed diagnosis of CRC. Figure 2B shows that
although DNA derived from the non-malignant tissue sur-
rounding the tumor did not contain detectable mutant
K-ras, mutant K-ras sequences are present (the 71-bp
fragment after BstNI digestion is detected), above back-
ground levels (15 copies/50 ng DNA/reaction) in all other
sources (tumor, serum, and urine) from the cancer pa-
tient. The absence of mutant K-ras in the non-tumor-
derived solid tissue indicates that this individual does not
carry the mutant sequence in the germ line, and its pres-
ence in the tumor is the evidence for a somatic mutation.

Since mutant K-ras sequences present in the tumor
derived from individual AA would be expected to be
present in the blood, detection of mutant K-ras in both of
these tissue compartments (blood and tumor tissue) is
not surprising. However, the presence of mutant K-ras
sequences in the urine of samples from individual AA
(Figure 2B) is consistent with the theory that DNA from the
circulation, containing tumor-derived mutant K-ras, trav-
eled to the urine. If the mutant K-ras sequence present in

Figure 2. Wild-type and mutant K-ras sequences detected in human urine
and disease tissue by restriction-enriched polymerase chain reactions (RE--
PCR). A: The predicted pattern of digested products. B: The results of
analysis of DNA derived from the urine of an individual with no diagnosis of
cancer (Zu) and from tumor tissue (AAt), non-tumor tissue that was 1 ¢cm
apart from the tumor (AAadj), serum (AAs), and urine (AAu) from an
individual with CRC. C: The sensitivity and specificity of the assay by analysis
of the reconstruction standards (1.5, 15, and 150 copies of SW480 genome
per 50 ng of HepG2 DNA), and 50 ng HepG2 DNA and 5 ng SW480 alone,
as indicated. D: Detection of mutated K-ras DNA in CRC tissue. CRC disease
tissue sections from five CRC patients (Ot, AAt, AMt, BQt, and DGt) were
subjected to DNA isolation and the RE-PCR assay for mutated K-ras DNA.
MW: DNA MW markers. This represents the data from three independent
experiments.



Table 1. Enrichment of Mutated K-ras DNA in the Low MW
Urine DNA Fraction*

Ratio of mutated
K-ras DNA to total

K-ras DNA* Fold enrichment

in low MW
Patient sample™ High MW Low MW fraction®
Q (adenomatous 1/240 1/20 12
polyps)
O (CRC) 1/40 1/5 8
AA (CRC) 1/48 1/6 8

*The data are represented from two independent experiments.

TDiagnosis was biopsy confirmed.

*DNA was examined by a RE-PCR, and the amount of mutant and
wild type K-ras sequence detected as described in Materials and
Methods, is expressed as a ratio, with wild type as the numerator.

SThe relative enrichment of mutant K-ras in the low molecular weight
DNA species, compared with the amount in the high molecular weight
species, is shown.

urine was derived from the tumor in the colon, the type of
mutation detected in the urine and in the tumor should be
identical. As described in the Materials and Methods
section, the 71 bp of DNA fragment after the second
BstNI digestion of the PCR products from the RE-PCR of
the DNA from urine and tumor was cloned and se-
quenced to determine whether the mutation detected in
urine is the same mutation that was found in the tumor.
The DNA sequencing data clearly demonstrate that both
the urine and the tumor of patient AA contain the 12 Val
mutation in the K-ras sequence (data not shown).

The Small Size Class of DNA in the Urine
Comes from, at Least in Part, the Circulation

As stated, the presence of mutant K-ras sequences in the
urine could have either been the result of trans-renal
passage of DNA from the circulation to the urine, or from
cells resident in the urinary tract, which happen to have
the same K-ras mutation. Since the larger DNA class
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detected in the urine might be excluded by kidney filtra-
tion, we had reasoned that the most likely population of
DNA in the urine, which was derived from the circulation,
would be the small size class (150 to 250 bp). In this
case, relative to the larger (greater than 1 kb) species of
DNA isolated from urine, the small, 150- to 250-bp size
class of DNA isolated from the urine of the individual with
the mutant K-ras-positive tumor would be expected to be
enriched in abundance for mutant K-ras sequences. To
test this hypothesis, large- and small-sized classes of
DNA isolated from the urine of two CRC patients (AA and
0), and one patient with an adenomatous polyps (Q),
were recovered from gel slices, following resolution
through 2.5% agarose gels. Urine DNA from these three
patients had been tested, and found to contain the same
K-ras codon 12 mutation as their corresponding tumor or
polyp (data not shown). Each DNA fraction recovered
from the gel slice was subjected to a determination of the
ratio of mutated K-ras DNA to total K-ras DNA as de-
scribed in Materials and Methods.

Briefly, to determine the copy number of total amplifi-
able K-ras DNA and mutant K-ras DNA in each fraction,
serial twofold dilutions for each fraction were prepared,
and then subjected to (1) the PCR amplification for the
total amplifiable K-ras DNA, and (2) the RE-PCR assay for
the K-ras mutation, as summarized in Table 1. Analysis of
the ratio of mutated K-ras DNA to total K-ras DNA in each
size fraction (fold enrichment of mutated K-ras detected)
shows a clear enrichment (8 to 12-fold) of mutated DNA
in low MW DNA fraction for all samples tested. Since the
separation of low MW DNA from high MW DNA is not
expected to be absolute by agarose gel electrophoresis,
it is not surprising that some amount of mutant K-ras
would be detected in higher molecular species. How-
ever, it is reasoned that the mutated K-ras DNA detected
in the low MW species isolated from urine comes from the
circulation.

Table 2. Correlation between Detection of Mutant K-ras in Tissue and Corresponding Urine

Tissue specimen and presence (+)
or absence (—) of mutant ras

% of samples in which

(mean age, age range of subjects No. of urine samples in No. of mutant K-ras was
in the group, in years, and No. of urine which mutant K-ras corresponding detected in both urine
gender)* samples detected disease tissue’ and disease tissue
Urine from healthy (no known 48 9 N/AY (19%)8
neoplasia) subjects (n = 48,
mean age = 51, range 26-80,
27 females)
CRC “+” for mutant K-ras (n = 5, 5 5 5 100%
mean age = 65, range 50-74,
1 female)
Polyps “+” for mutant K-ras (n = 13 10 13 77%
13, mean age = 66, range 54—
83, 7 females)
Polyps “—” for mutant K-ras (n = 2, 2 1 2 50%
mean age = 60, range 59-62,
1 female)

*The presence or absence of mutant K-ras (codon 12 missense) was determined by an RE-PCR as described in Materials and Methods. Urine from
these individuals was tested by investigators blinded as to the clinical diagnosis, as shown in Table 1.

TNumber of tissue specimens available in the clinical group.
*NJ/A, not applicable.

SPercent of urine samples from “healthy” individuals containing detectable mutant K-ras. No disease tissue available in this “healthy” group.
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Detection of Mutant K-ras in Urine and Disease
Tissue from the Patients with a Diagnosis of
Either CRC or Adenomatous Polyps

Having established necessary assay parameters, the
comparison between mutant K-ras in colorectal disease
tissue (CRC or adenomatous polyps), and corresponding
urine from the same individual was investigated. Paraffin-
embedded disease tissue sections, as well as corre-
sponding urine from five subjects with a diagnosis of
CRC, and 15 subjects with the diagnosis of adenomatous
polyps were collected according to the approved IRB
protocol. DNA from the collected samples was isolated
and subjected to the RE-PCR assay for the mutant K-ras
sequence (as in Figure 2). As the control, DNA isolated
from urine of 48 subjects with no known neoplasia
(healthy) was also subjected to mutant K-ras detection by
the RE-PCR assay. As shown in Table 2, 9 of the 48 (19%)
urine samples from “healthy” individual contained detect-
able mutated K-ras sequences. Interestingly, all 9 posi-
tive samples were derived from the subjects enrolled at
the endoscopy suites, but had undergone a negative
colonscopy, as mentioned in Materials and Methods.
Significantly, in each of five CRC samples shown to con-
tain mutant K-ras, as shown in Figure 2D, mutant K-ras
was detected in the corresponding urine (100% concur-
rence). Similarly, for 10 of the 13 polyps samples shown
to contain mutant K-ras, mutant K-ras was detected in the
corresponding urine (77% concurrence).

It is noted that mutated K-ras was detected in urine
from one subject with polyp tissues containing no detect-
able mutant K-ras. Taken together, mutant K-ras se-
quences were detected in the urine of 15 of the 18 urine
samples (83.3%) from individuals with confirmed mutant
K-ras containing tumors or polyps, and 19% of those with
no diagnosis of colorectal disease.

Discussion

We have shown that DNA isolated from total human urine
was comprised of contributions from two sources. The
large size class appears to be mainly derived from cells
shed into the urine from the urinary tract. The other class
is small, between 150 to 250 bp, and following low-speed
centrifugation, is mostly recovered from the supernatant,
not from the cell and cell debris pellet. By comparing the
DNA sequences and the amounts of wild-type and mu-
tated K-ras sequences in tumor, non-tumor tissue, serum,
and urine from a patient with a mutated K-ras-positive
colorectal tumor, we demonstrated that the low MW urine
DNA derives, at least in part, from the circulation.

It is not known how small DNA can cross the kidney
barrier. The molecular weight cutoff in the kidney glomer-
uli is approximately 70 kd,'® and the pore size of the
glomerular barrier is about 30A. Negatively charged mol-
ecules in the circulation might face an additional barrier
because of the negative charge of the glomerular base-
ment membrane. It is also unknown if DNA crosses the
kidney barrier as a protein free molecule, as a nucleo-
protein, or even as a part of small apoptotic bodies. Some

hypotheses that can explain this phenomenon were dis-
cussed earlier."

The nature of cell-free DNA in blood has been studied
extensively.'”2%2" Nucleosome-sized circulating DNA
might originate from the internucleosomal cleavage of
chromatin, a major hallmark of apoptosis.2’ Malignant,
benign, and even pre-neoplastic cells often proliferate at
abnormal rates that are accompanied by an increase in
apoptotic cell death,?*~2* and this DNA may accumulate
in the urine. If the transformed cells possessed somatic
mutations, or epigenetic modifications that distinguish
them from the germ line, urine could be a good source for
detection and monitoring of cancer, even from extra-
urinary tract sites.

Presumably, the large size (1 kb and larger) urine DNA
is derived from cells shed into the urine from the urinary
tract. Consistent with this hypothesis is the fact that the
large size class of DNA can be reduced in abundance by
low-speed centrifugation before electrophoresis, in which
cells are sedimented, and small size class of DNA can
only be recovered from the supernatant of urine. It was
noted that the amount of this large class of urine DNA
varied significantly from sample to sample, even from the
same subject, as seen in Figure 1, B-D. This finding might
be due to the amount of sloughed off cells, and cell
debris in each collection, as well as the degree of cell
lysis. Interestingly, the removal of cell debris from urine
by centrifugation before DNA isolation increased the mu-
tated K-ras DNA concentration in urine DNA (data not
shown). Moreover, it's unlikely that detected mutated K-
ras derived from the cell debris that might come from the
urologic tumor of “normal subject,” since the incidence of
mutated K-ras in urologic tumors is low. This further sug-
gests that the detected mutated K-ras DNA is present in
the cell-free urinary fraction.

Although the comparison between mutant K-ras in tis-
sue and urine was encouraging, the detection of mutant
K-ras in 19% (n = 48) of the samples from individuals with
no diagnosis of cancer or polyps was disturbing and was
greater than we had observed in our previous studies of
“healthy” individuals (not shown). The detection of mutant
K-ras in the urine of people with no known cancer or
polyp is consistent with one of two possibilities: (1) the
occurrence of mutant K-ras in this population is truly
higher than previously expected, and the assay faithfully
detected this or (2) the assay falsely assigned a positive
designation for mutant K-ras to samples that did not
contain mutant K-ras (assay error).

Explanation (2) seems unlikely, since the samples
scored as mutant K-ras positive in repeated assays as
described in Materials and Methods, and the presence of
the codon 12 mutations was confirmed by the DNA se-
quencing of the nine sample sets.

Thus, it appears that mutant K-ras can be detected in
the urine of as many as 19% of the individuals contribut-
ing samples to this study, despite no apparent colorectal
disease. Since 38 of 48 had been scheduled patients in
the Gl clinic receiving endoscopy, and all of the positive
urine samples were part of this group, it is possible that
they are not representative of the general population, in
which the occurrence of mutant K-ras might be lower.



Interestingly, similar results were obtained by Kopreski et
al,®® in which 28 of 105 subjects without evidence of
neoplasia also demonstrated mutated K-ras DNA in their
plasma. Nevertheless, the frequency of mutant K-ras de-
tected in the urine of those with a diagnosis of a mutated
K-ras-positive colorectal disease was substantially
greater (83%) than those without a diagnosis, suggesting
that mutant K-ras in the urine itself could be an important
molecular “risk” factor. Needless to say, it can be as-
sumed that detection of other mutated oncogenes, tumor
suppressors, or hypermethylated CpG islands associ-
ated with colorectal diseases and in combination with
detection of mutant K-ras, might provide a closer corre-
lation between disease and a positive signal.

Cells shed into urine have been suggested to be a
useful source of DNA to detect tumors arising at or near
the urinary track.?®?” The study of K-ras mutation in urine
and corresponding disease tissues of 20 patients with
CRC or adenomatous polyps in this report, strongly sug-
gest that the mutation occurred in sites distant from the
urinary tract also can be found in urine. A diagnostic test
that is relatively less pleasant, non-invasive and inexpen-
sive, is more likely to be used, especially for screening.
For example, there would be improved inpatient comfort,
and likely compliance with diagnostic testing, if endo-
scopic procedures such as colonoscopy could be re-
placed with serum or simple urine analysis.
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