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ABSTRACT: We evaluated the ability to genotype DNA extracted
from urine samples, which were previously submitted for toxicolog-
ical analysis, by either the AmpliType HLA DQa or the combined
PM+DQAI1 amplification and typing systems. Initial experiments
were conducted on fresh urine, which was either processed fresh
or frozen for one week at —20°C, from male and female volunteers.
Although male urine is noted for containing minimal numbers of
nucleated cells when compared with female urine, we were able
to type these samples without difficulty. Male urine specimens
that were stored frozen for one year in the Toxicology Laboratory
provided sources of low concentration, poor quality genomic DNA
with respect to degradation of nucleic acid. These samples, however,
were also easily typed using the amplification typing kits. Our data,
therefore, suggest that the PM+DQA1 amplification and typing
systems described here are suitable for typing analysis of donor
urine specimens.
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Federal workplace testing for drugs of abuse is regulated by
the Substance Abuse and Mental Health Services Administration
(SAMHSA) (1). Many private employers have adopted similar
drug testing programs as a prerequisite to gaining and maintaining
employment. Because of the economic and social consequences
of a positive urine drug test result, there has been an increase in
the submissions of either adulterated or substituted urine specimens
(2). Considerable efforts have been made by laboratories to detect
the dilution of urine by using tests such as urine creatinine and
specific gravity (3). The Department of Transportation has estab-
lished limits of 20 mg/dL and 1.003 for these tests, respectively
(4). Tests for foreign substances, such as glutaldehyde (known to
invalidate many immunoassay screening tests), are also commer-
cially available (e.g., Chimera, Research & Chemicals, Inc., Semi-
nole, FL).

Guaranteed drug free urine for the purpose of substitution can
be purchased through a number of vendors. Two procedures are
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currently in use for detection of substituted urine: monitoring
urine temperature immediately after collection, and witnessing the
collection of urine itself. Federal Guidelines currently specify that
freshly voided urine must be between 90 and 100°C. Unfortunately,
acceptable temperatures can be achieved if the substituted urine
is stored in the axilla, vaginal cavity, or next to the scrotum just
before donation (5). Even witnessed collections are not foolproof
against substitution, as documented by a well-known former pro-
fessional football player (6). The best procedure for verifying a
urine sample as originating from one individual is to perform some
sort of serologic or DNA typing analysis. These techniques can
be useful in determining if misidentification or switching of sam-
ples has occurred by either the collection agency, testing laboratory,
or donor.

Analysis of blood group antigens and polymorphic proteins have
been used when donor identification is in question. However, the
feasibility and reliability of these assays on stored frozen specimens
are poor with major limitations because of low protein concentra-
tions in urine and commonly noninformative results (7). Recent
advances in molecular technologies have proven very useful to
the forensic science laboratories for the analysis of nucleic acids
in evidentiary samples. Identity testing has reached new limits
based on extremely sensitive polymorphic genetic marker assays
that do not discriminate among intact or degraded DNA, stain,
smear, tissue, or body fluid specimens, and environmental
contamination.

Polymorphic variation at the nucleic acid level has made possible
molecular identification of biological specimens through DNA
typing techniques. Southern blot/RFLP technologies require large
amounts of high molecular weight DNA and are extremely labori-
ous, while in vitro amplification techniques such as the polymerase
chain reaction (PCR) provide the ability to analyze evidentiary
samples that most often contain degraded DNA, offer increased
sensitivity and shortened turn-around times (8—14).

The first PCR-mediated assay to become commercially available
for analyzing DNA from evidentiary samples was the AmpliType
HLA DQa typing kit (Perkin Elmer, Foster City, CA) (14-18).
Recently, a combined PM+HLA DQAL1 (previously described as
HLA DQa) typing kit has become available (Perkin Elmer, Foster
City, CA) for typing six genetic loci simultaneously. As urine
drug screening programs gain popularity in the workplace and for
athletic events, the temptation for substituting urine specimens
becomes increasingly attractive. Thus, we wanted to establish an
accurate and sensitive method for molecular identity testing of
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urine specimens for our Toxicology Laboratory. Using the PCR-
mediated PM+DQAL1 typing system described, we were able to
DNA type urine specimens based on six genetic loci with DNA
isolated from urinary epithelial cells and leukocytes as a target.

Materials and Methods
Samples

Whole blood and urine samples were collected from five male
and five female volunteers in the laboratory. These urine samples
were processed immediately after collection. Six additional urine
specimens and matching blood specimens were stored at 4°C for
one week before processing. Urine from a single female donor
was processed either fresh or after freezing at —20°C for one week.
Eight urine samples that were stored for one week at 4°C and then
frozen at —20°C for at least one year were obtained from the
Toxicology Laboratory for evaluation of long-term storage on
nucleic acid extraction and amplification capabilities. All urine
samples were collected without preservatives.

DNA Extraction

DNA was isolated from whole blood specimens by extraction
of 300 pL of EDTA collected blood using the Puregene Genomic
DNA Isolation Kit (GENTRA, Minneapolis, MN). Similarly, DNA
was isolated from urinary epithelial cells collected by centrifuga-
tion of urine samples. Approximately 40 mL of urine was centri-
fuged for 15 min at 2500 rpm. The pellet consisting of urine
sediment that included cells was then processed using the DNA
extraction kit according to the recommendations of the manufac-
turer. Briefly, cells are lysed and treated with RNase after which
proteins are precipitated. DNA is precipitated from the resulting
supernatant and rehydrated in buffer. Concentrations and purity of
DNA samples were performed by absorbance spectrophotometry
at 260 and 280 nm using a double-beam spectrophotometer (Model
DU650, Beckman Instruments, Fullerton, CA).

Polymerase Chain Reaction

DNA amplification was performed in 100-pL reactions
according to the recommendations of the manufacturer of the
typing kit. All samples (approximately 0.5 to 1.0 pg blood DNA;
0.4 to 1.0 ng urine DNA) were amplified in thermal cyclers (Models
2400 or 9600, Perkin Elmer, Foster City, CA). DNA samples were
denatured at 94°C for 30 s before PCR amplification. Amplification
was accomplished using 32 cycles, each consisting of 30 s denatur-
ation (94°C), 30 sec primer annealing (63°C), and 30 s extension
(72°C). The final cycle included a 7 min extension step at 72°C.

HLA DQa and PM+DQAI Typing

We initially typed specimens using the original HLA DQu typing
system, which is based on a reverse dot blot procedure, according
to the recommendations of the manufacturer (Perkin Elmer, Foster
City, CA). We aso evaluated a new combined amplification/reverse
dot blot typing kit (Perkin Elmer) for application to urine donor
identification. This kit allows for the typing of six individual loci
which include HLA DQAI1 (previously referred to as DQa), low
density lipoprotein receptor (LDLR), glycophorin A (GYPA),
hemoglobin G gammaglobulin (HBGG), D788, and group specific
component (GC). In this kit, the HLA DQAI allele 4 is further
subtyped into a 4.1 or 4.2/4.3 allele. Final typing determinations

were performed independently by two laboratory personnel, once
typing strips were processed.

Results

Traditionally, our laboratory has used a nonorganic high salt
extraction protocol for extraction of whole blood and tissues (19).
However, in cases in which biological specimens are very small,
this procedure does not result in sufficient quantity of DNA for
traditional RFLP-based molecular analysis. Because of low num-
bers of epithelial cells in urine samples, we used a commercially
available kit designed for extraction of DNA from small specimens.
We found that in ten fresh urine specimens, the concentration of
extracted DNA was 5-fold higher in females (mean A,5, = 0.0184)
versus males (mean A, = 0.0040) presumably because of
increased epithelial cells exfoliated into urine of women. Concen-
trations of DNA isolated from previously frozen (one year) urine
samples received from the Toxicology Laboratory were markedly
decreased and of poorer quality when compared with those from
fresh urine, independent of gender. An aliquot of fresh urine from
a single female donor which was frozen for one week produced
a 3-fold decrease in the amount of isolated DNA (A, = 0.0120)
when compared with an aliquot of the same urine sample processed
fresh (A0 = 0.0357).

We first evaluated our ability to type specimens with the original
HLA DQa typing kit. DNA extracted from whole blood was easily
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FIG. 1—Typing strips for HLA DQo comparing female DNA from blood,
fresh urine, and urine frozen for one week. The DNA shows the same
typing results (1.2, 4) as expected from the same individual.
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FIG. 2—Typing strips for HLA DQoa comparing fresh male urine (1),
fresh female urine (2), and male urine frozen for one year (3—6). Individuals
1 and 2 share the same typing results (1.2, 4), indicating a need for further
discrimination using other genetic loci. Individuals 3—6 show different
typing results (3, 3; 1.1, 4; 1.3, 4; 1.1, 1.2, respectively).
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TABLE 1—Absorbance spectrophotometry and PM+DQAI results from fresh urine and blood matching samples.

Urine Blood Typing

Case number 260 nm 260/280 260 nm 260/280 DQAl PM

95-56 (female) 0.186 0.246 0.151 1.987 LL2 AAAB,AC,AABC
95-57 (female) 0.149 0.330 0.113 2.093 3,3 AA,AB,AA,AB,AA
95-58 (female) 0.106 0.338 0.498 1.894 1.3,1.2 AA,AAAB,AACC
95-59 (female) 0 — 0.443 1.909 1.1, 1.1 BB,AB,AB,AAAB
95-60 (female) 0 — 0.145 2.042 11,3 AB,AA,AB,ABAC
95-61 (male) 0.232 0.396 0.246 1.875 1.2,1.2 AB,AB,AB,AA AC

typed using this protocol (Fig. 1). In addition, DNA isolated from
fresh female urine samples was also easily typed, whether pro-
cessed fresh or after being frozen at —20°C for one week (Fig.
1). In an initial evaluation of sensitivity, we were able to type
samples with as little as 400 pg of target DNA that was quantitated
by absorbance spectrophotometry.

To evaluate typing capabilities with the HLA DQu kit further,
we isolated DNA from urine specimens that were frozen at —20°C
for one year. Although the quantity and quality of DNA were poor
as determined by absorbancies at 260 and 280 nm, these samples
were also easily typed (Fig. 2). Dilution experiments of a single
long-term frozen urine DNA sample resulted in typing being
obtained in as low as a 1:100 dilution of the original isolated DNA.
The accurate quantitation of this sample was not possible with
spectrophotometry as the absorbance (260/280 nm) ratio was 0.3.
However, this did indicate that the typing is not dependent on the
purity of the DNA sample. As control specimens in these studies,
DNA isolated from fresh urine, male and female, was also typed
(Fig. 2). Interestingly, the two volunteer donors from the same
laboratory were found to have the same typing results with the
HLA DQu kit (Fig. 2).
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FIG. 3—Typing strips for the PM(A)+DQA1 (B) system. 1, blank; 2,
kit control DNA; 3, fresh female urine (PM: AB,AA,AB,AA,CC; DQAI:
1.2, 4.2/14.3); 4, female urine one week frozen (PM: AB,AA,AB,AA,CC;
DQAI: 1.2, 4.2/4.3); 5, fresh male urine (PM: AB,AB,AA,AB,BC; DQAI:
1.2, 4.1); 8, male urine one year frozen (PM: AB,AA,BB,AB,BC; DQAI:
1.3, 4.1).

We extended our analysis to include results with a newly avail-
able PM+DQALI typing kit. Fresh (male and female), short-term
(one week) frozen (female), and long-term (one year) frozen (male)
urine specimens were easily typed with this system (Fig. 3A and
B). In this combined kit, the new DQAI typing strips contain
additional subtypes of the 4 allele (4.1, 4.2, or 4.3). In the case
of the two volunteers who typed the same with the original kit,
this subtyping distinguished their individuality (Fig. 3B). Although
the photograph of typing results for specimen #5 (Fig. 3B, HLA
DQALl) is not ideal, typing results were visible at the time of
processing. We have no explanation for the faintness of these
signals as the typing of this same specimen is shown in Fig. 2 #1.
In addition, each of six individuals contributed a fresh urine and
blood specimen which was correctly typed using both the DQA1
and PM typing strips despite poor quality DNA preparations (Table
1). Urine samples 95-59 and 95-60 showed no evidence of DNA
being present by absorbance spectrophotometry at 260 nm, yet
both samples were capable of being typed with results that matched
the donors blood typing (Table 1).

Discussion

Human urine specimens as a potential source of DNA for foren-
sic identity testing has not been explored to the extent of applica-
tions for a forensic toxicology laboratory. It is well known that
normal human urine specimens contain few nucleated human cells
(up to 400 cells/mL urine). Epithelial cells (i.e., renal tubular,
transitional urothelial, and squamous) are commonly found in low
numbers in normal urine specimens (20). The high numbers of
squamous epithelial cells in female urine specimens indicates vagi-
nal contamination (20). More common are leukocytes that do not
exceed 300-500 cells/mL. All cells included, the source of DNA
in urine samples remains small and is potentially abrogated by
contaminating materials in the urine sediment.

Our evaluation of this potential source of DNA for donor verifi-
cation demonstrates the utility of this method for the forensic
toxicology laboratory and forensic identity testing laboratories in
general. PCR-mediated allelic typing was successful on urine spec-
imens processed immediately and after various times of storage
at —20°C using the DQa and PM+DQAL1 typing kits. We were
also able to type correctly 6/6 specimens using matched blood and
urine specimens from the same donors. Of particular significance
was the success of DNA extraction from the urine of males after
long-term storage, although the isolated DNA was of poor quality.
In women, large numbers of squamous epithelial cells are slothed
into urine as the result of vaginal contamination, and thus, a higher
yield of extracted DNA is achieved. The cellular content of urine
from males is considerably lower. Nevertheless, there are sufficient
numbers of cells present in these urines to perform the
PM+DQALI typing.
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