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A
bstract

M
atrix m

etalloproteinases are a fam
ily of zinc-dependent endopeptidases

that 
have 

been 
show

n 
to 

be 
key 

regulators 
of 

tum
or 

grow
th 

and 
m

etastasis
form

ation. D
etection of m

atrix m
etalloproteinases (M

M
Ps) in the urine of cancer

patients has been show
n to correlate w

ith disease status in a variety of cancers,
including bladder cancer.  N

um
erous studies have now

 show
n that, in particular,

biologically active M
M

P-2 and M
M

P-9 are found at higher frequency in the urine
of cancer patients than in the urine of norm

al, age-m
atch, sex-m

atched controls.
O

ur group is developing a non-invasive diagnostic assay utilizing urinary
M

M
Ps, such as M

M
P-2 and M

M
P-9, as m

onitors of disease-free status and cancer
recurrence in bladder cancer. In the process of developing the assay, w

e established
the background frequency and levels of both M

M
P-2 and M

M
P-9 in the urine of

norm
al 

controls. 
B

ackground 
levels 

of 
M

M
Ps 

w
ere 

found 
in 

the 
urine 

of
approxim

ately 10%
 of disease-free m

ales and approxim
ately 30%

 of disease-free
fem

ales, w
ith M

M
P-9 being the m

ost com
m

only detected endogenous M
M

P. L
ittle

or no M
M

P-2 w
as detected in disease-free individuals. W

e investigated w
hether

addition 
of 

a 
“clean 

catch” 
sam

ple 
collection 

procedure 
w

ould 
decrease 

the
endogenous background levels of M

M
Ps found in a disease-free population. W

e
found that the addition of “clean catch” to our standard operating procedure for
sam

ple collection reduced both the frequency and levels of M
M

Ps.
In addition, w

e tested the potential im
pact of the “ clean catch” sam

ple
collection m

ethodology on clinical sensitivity and specificity by perform
ing a sm

all
pilot study using urinary levels of M

M
P-2 and M

M
P-9 to discrim

inate disease-free
patients from

 those w
ith bladder cancer.  A

t a fixed protein level resulting in 90%
(9/10) sensitivity, addition of “clean catch” procedure to the urine sam

ple collection
protocol increased M

M
P-9 m

arker specificity from
 approxim

ately 74%
 (11/42) to

approxim
ately 91%

 (5/54). Further validation of these results and full developm
ent

of a clinical test to m
onitor for bladder cancer recurrence are currently underw

ay.

Introduction

W
ith 

increasing 
cancer 

therapeutic 
efficacies 

and 
the 

developm
ent 

of 
better

m
ethodologies for early detection, the cancer survivor population has been grow

ing
steadily over the years.  C

urrently 3.5%
 of the U

S population is m
ade up of cancer

survivors.  In addition to the risk of having a recurrence of their prim
ary cancer, these

patients also have an increased risk of developing a secondary cancer.  T
o date, due to

the 
increased 

risk 
of 

this 
patient 

population, 
and 

the 
need 

for 
m

onitoring
m

ethodologies 
w

ith 
high 

perform
ance 

characteristics, 
m

ore 
costly 

and 
com

plex
diagnostic procedures generally reserved for diagnosing sym

ptom
atic patients have

been used for recurrence m
onitor.  H

ow
ever, as this patient population grow

s, there is
a clear need for the developm

ent of m
ore cost effective clinical algorithm

s and assays
that w

ould result in m
ore efficient m

anagem
ent of cancer survivors.

W
e believe this is a very im

portant em
erging issue that could be addressed w

ith the
discovery and developm

ent of new
 biom

arker associated diagnostic tests.  O
ur lab is

developing the use of urinary m
atrix m

etalloproteinases to m
anage the care of cancer

survivors 
by 

m
onitoring 

for 
recurrence 

in 
a 

non-invasive 
form

at 
and 

at 
greater

frequency than currently possible. In the course of developing these assays, w
e

observed a slightly higher background of endogenous M
M

Ps in the urine of disease-
free fem

ales than in that of disease-free m
ales and set out to determ

ine w
hether this

difference m
ight be attributable to contam

ination of the urine w
ith vaginal secretions

and w
hether the addition of a “clean catch” urine collection procedure w

ould reduce
the levels of M

M
P observed.

U
rine Sam

ples from
 D

isease-free F
em

ales C
ontain H

igher
E

ndogenous M
M

P
-9 L

evels than that from
 D

isease-free M
ales

F
igure 1  T

o determ
ine the baseline levels of M

M
Ps found in the urine of disease-

free individuals, M
M

P-2 and M
M

P-9 E
L

ISA
 assays w

ere run on urine sam
ples

obtained from
  asym

ptom
atic m

ales and fem
ales. E

ndogenous M
M

P-9 w
as detected

in 
a 

num
ber 

of 
urine 

sam
ples 

obtained 
from

 
fem

ales 
but 

w
as 

not 
found 

at
significant levels in the urine of m

ale controls.

E
n

d
o

g
e

n
o

u
s

 M
M

P
-9

 in
 M

a
le

s

0 5

1
0

1
5

2
0

2
5

3
0

3
5

5
5

5
6

5
7

5
8

5
9

6
0

6
1

6
2

6
3

6
4

6
5

6
6

M
a
le

 P
a
tie

n
t

MMP-9 (ng/ml)

E
n

d
o

g
e

n
o

u
s

 M
M

P
-9

 in
 F

e
m

a
le

s

0 5

1
0

1
5

2
0

2
5

3
0

3
5

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

3
2

3
3

3
4

3
5

3
6

3
7

F
e

m
a
le

 P
a
tie

n
t

MMP-9 (ng/ml)

F
igure 

2 
 

T
o 

determ
ine 

w
hether 

blood 
m

ay 
contribute 

to
background M

M
P-9 levels found in som

e urine sam
ples, increasing

am
ounts of blood (A

) w
ere titrated into buffer (B

) and urine (C
)

and M
M

P-9 levels w
ere m

onitored by gelatin zym
ography and

E
L

ISA
 (D

). A
lthough large am

ounts of blood (>1.25ul blood/m
l

urine) can contribute to M
M

P-9 contam
ination in urine, the am

ount
of blood required for M

M
P-9 detection exceeds the am

ount of
blood typically found in the urine of disease-free individuals and
can easily be seen by eye.
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em

ales

F
igure 3  T

o determ
ine the efficacy of clean catch on reducing the presence of

endogenous M
M

P-9 in the urine of w
om

en, 5 fem
ales w

ere asked to urinate into a
specim

en cup, stop stream
, use 3 benzalkonium

 chloride (B
Z

K
) tow

elettes, and
continue urination into a separate specim

en cup. T
he resulting 2 urine specim

ens
(pre- and post-w

ipe) for each fem
ale w

ere analyzed via zym
ography and E

L
ISA

.  In
all five fem

ales tested, “clean catch” significantly decreases the am
ounts of M

M
P-9

present, suggesting that these are not native to urine itself. Figure 3 show
s the

E
L

ISA
 results for each fem

ale (A
-E

) before and after clean catch. T
his reduction in

M
M

P-9 concentration post clean catch w
as consistent  w

ith a decrease in M
M

P-9
activity as observed by zym

ography (left panel).
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F
igure 4  T

o test w
hether the benzalkonium

 chloride (B
Z

K
) could affect M

M
P-9

activity or detection, pieces of the tow
elette w

ere used to sim
ulate a sm

all (s),
m

edium
 (m

) and large (l) contam
ination of bezalkonium

 chloride to the urine
sam

ple collected after clean catch. A
 know

n am
ount of pure M

M
P-9 w

as added to
urine and aliquots of this w

ere exposed to 3 different sizes of tow
elettes. T

he urine
w

as then analyzed for levels of M
M

P-9 via zym
ography (right panel) and E

L
ISA

(left panel). A
lthough a m

odest decrease w
as observed w

hen B
Z

K
 contam

ination
w

as “large”, the decrease w
as not significant and w

as equivalent to that observed
w

hen a kim
w

ipe w
as used as a control instead.
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U
rine 

sam
ples 

obtained 
from

 
disease-free 

fem
ales 

contain 
higher

background levels of M
M

P
-9 than that obtained from

 m
ales.

•  A
lthough blood contam

ination can lead to increased levels of M
M

P
-9 in

urine, the am
ount of blood required exceeds that m

ost com
m

only seen in
the urine of disease-free individuals, suggesting that non-blood vaginal
secretions m

ay account for the higher background seen in w
om

en.

• A
ddition of a clean catch m

ethod to routine urine sam
ple collection

reduced M
M

P
-9 levels. In a cohort of 26 disease-free w

om
en, the clean

catch collection m
ethod effectively reduced the frequency (by ~50%

) and
levels (by ~60%

) of M
M

P
-9 detected.

•  A
 pilot study com

paring sam
ples obtained from

 bladder cancer patients
and control sam

ples w
ith and w

ithout clean catch dem
onstrated that clean

catch can im
prove Specificity from

 ~75%
 to ~90%

.

Sum
m

ary

F
igure 5   T

o determ
ine w

hether addition of the clean catch m
ethod to urine sam

ple
collection could low

er both the levels and frequency of endogenous M
M

P-9 found
in the urine of asym

ptom
atic fem

ales,  urine sam
ples from

 26 fem
ales w

ere obtained
w

ith 
and 

w
ithout 

the 
clean 

catch 
collection 

m
ethod 

and 
M

M
P-9 

levels 
w

ere
determ

ined 
both 

by 
zym

ography 
and 

E
L

ISA
. 

A
 

com
parison 

of 
the 

M
M

P-9
concentrations found in the urine of each fem

ale w
ith and w

ithout clean catch are
show

n above. W
ithout clean catch, 9 out of 30 w

om
en (30%

) had 2ng/m
l M

M
P-9 or

m
ore, 

w
hereas 

w
ith 

clean 
catch, 

4 
out 

of 
26 

w
om

en 
(15%

) 
had 

M
M

P-9
concentrations of 2ng/m

l or greater. W
ithout clean catch, the m

ean concentration
w

as 3.573ng/m
l (std. dev=6.465), w

hile w
ith clean catch, the m

ean concentration
w

as 1.361ng/m
l (std. dev=2.839).

C
lean C

atch U
rine C

ollection M
ethod D

ecreases the L
evels and F

requency
of E

ndogenous M
M

P
-9 F

ound in the U
rine of D

isease-free F
em

ales

T
able I  T

o determ
ine the efficacy of clean catch on reducing background M

M
P-9

levels and thereby im
proving clinical Specificity, the M

M
P-9 levels of 10 urine

sam
ples obtained from

 bladder cancer patients w
ere com

pared to urine sam
ples

obtained from
 disease-free individuals collected w

ith (n=54) and w
ithout (n=42)

clean catch. In this pilot study, at 90%
 Sensitivity, addition of the clean catch

m
ethod im

proved Specificity from
 73.8%

 to 90.75%
.
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