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cord extends at L6'® and preservation of spinal cord
under physiologic state is consequential. In our pilot
study, we measured both direct and transepidural spinal
cord blood flow simultaneously by using two indepen-
dent laser-Doppler probes placed on dorsal lumbar spi-
nal cord and epidural space at 2 mm apart, and we found
that the change of direct measurement was correlated
well with indirect approach, 7.e., transepidural measure-
ments of spinal cord blood flow. Characteristics of trans-
Iucent dura with few vessels in pigs'”'® accompanied by
capability of laser-Doppler to measure up to 1 mm in
depth'® allowed us to measure accurate and realtime
alterations of SCBF.

We simultaneously examined SEP directly derived
from spinal cord. Stimulation was given with 0.2-ms
pulse duration and 3- to 5-mA current with a rate of 5.0
Hz (Neuropack; Nihon Kohden, Tokyo, Japan). Poten-
tials were recorded on a time base of 3 ms after passing
through a bandpass filter of 50 to 1500 Hz. Each record
represented an average of 50 repetitions. A baseline SEP
was recorded before the initiation of epidural cooling,
and the recording was repeated at 60-s intervals. Signal
amplitude and latency of each SEP were recorded and
compared to the baseline.

Neurologic and Histologic Assessments

Hind limb motor function was evaluated at 24 and 48 h
after the ACC by using a modified Tarlov score (0 =
complete paralysis, 1 = minimal movement, 2 = stand-
ing with assistance, 3 = standings alone but unable to
walk, 4 = weak walking, 5 = full recovery with normal
Walking).zo'zl

After neurologic examination at 48 h, the animals were
sacrificed with an overdose injection of sodium pento-
barbital. Spinal cord was removed immediately and fixed
in 10% formaldehyde solution. Spinal cord at L4 level
was sliced into sections, and each section was stained
with hematoxylin and eosin. Ten slices per animal were
examined for histologic assessment. A pathologist who
was unaware of the study protocol and neurologic out-
come of the animals examined each slice by light mi-
croscopy and counted the total number of motor neu-
rons (larger than 50 pm in diameter) with normal
appearance. Simultaneously, histologic alterations to re-
flect inflammatory responses of ischemic spinal cord
injury such as proliferation of microglia cells at perivas-
cular area and formation of hydropic vacuolation were
assessed as described previously.?%?>

Immunobistochemical Staining of Spinal Cord

Spinal cord fixed with 10% formalin and embedded
with paraffin were sectioned into 4 um’. After de-wax-
ing with xylene and rehydrating with methanol, these
sections were heat-treated in 10 mu citrate buffer (pH
6.0) at 105°C for 10 min and then washed with Tris-
buffered saline three times for 5 min. Specimen was
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blocked with Image4T FX (Tokyo, Japan) for 30 min.
After washing, iNOS (Epitope-specific rabbit antibody,
LVC; Lab Vision Corp., Fremont, CA) and normal rabbit
immunoglobulin (control antibody, Vector) were incu-
bated for 60 min at room temperature. After washing
with Trisbuffered saline-Tween 20, each section was
treated with Alexa Fluor 488-conjugated goat anti-rabbit
antibody (lnvitrogen; Carlsbad, CA). After washing with
Trisbuffered saline-Tween 20, the sections were counter-
stained and mounted with an antifade reagent (ProLong
Gold®, Invitrogen) and 4',6-diamidino-2-phenylindole.
The level of iNOS expression on spinal cord was de-
termined by digital imaging after immunofluorescence.
Images were taken by using epifluorescent microscopy
with Applied Imaging Ariol® SL-50 system (Genetix,
Hampshire, United Kingdom) equipped with magnifica-
tion of 40X objective. The slide which has maximum
signal to noise ratio in caudal extremity in spinal cord
were manually selected. In selected slides, the optimal
exposure time of acquisition was set with a highly sen-
sitive charge-coupled device camera. Then, the images
of iNOS expressed were obtained from all specimens
with the same acquisition setting and were depicted by
pseudo color merging with image processing software
Image] (National Institutes of Health, Bethesda, MD).
Color-merged Red-Green-Blue images were split into
each 8bit gray channel with ImageJ. Motor neuron in
each image was selected as measurement region of in-
terest. Signals of iNOS were extracted from background
noise subtraction with threshold adjustment in binary
images. Target average intensities were measured with
Image] measurement and were indicated as histogram.

Statistical Analysis

Data were presented as median and interquartile range
unless otherwise specified, and Mann-Whitney U-test
was applied by using a statistical software package of
SPSS/15.0J for Windows (SPSS Inc., Chicago, IL). In all
cases, two-tailed P value less than 0.05 was considered
significant.

Results

All animals in both study groups survived for 48-h
study periods, and no animal was excluded from the
analyses.

Changes of Epidural and Subarachnoidal

Temperatures and SCBF during Peri-ACC Periods

Rectal temperatures in both the Control and Cooling
groups remained around 36°C (36.1 * 0.4°C and 36.2 *
0.4°C, respectively; mean * SD) throughout the study
periods. In the Control group, both epidural and sub-
arachnoidal temperatures were kept within comparable
ranges with the ranges of rectal temperatures (fig. 3A).
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Fig. 3. (4) Changes in subarachnoidal and epidural tempera-
tures during peri-aortic cross-clamping periods in the Control
and Cooling groups. Note that both epidural and subarachnoi-
dal temperatures in the Cooling group were kept less than 26°C
during aortic cross-clamping. Values are mean (SD). (B)
Changes in spinal cord blood flow (SCBF) during peri-aortic
cross-clamping periods in Control and Cooling groups. Values
are mean (SD). Note that SCBF in both groups were kept at
approximately 20% level during aortic cross-clamping versus
baseline, and that SCBF in the Control group increased up to
114% and gradually decreased to 34% level after de-clamping,
whereas it increased in the Cooling group and remained at 92%
level throughout the study period.

On the other hand, epidural temperature in the Cooling
group dropped immediately after initiating epidural cool-
ing and kept approximately 24 -26°C ranges during ACC.
Simultaneously, subarachnoidal temperature in the Cool-
ing group reached 26°C level and stayed between 26 and
28°C. After the end of epidural cooling, both tempera-
tures in the Cooling group increased gradually up to the
baseline level.

Figure 3B illustrates the changes of SCBF during peri-
ACC periods. The SCBF that were comparable between
the groups during the 30-min perfusion period until ACC
dropped to a similar extent (18-20% level vs. baseline)
immediately after ACC. During reperfusion period, the
SCBF in the Control group was increased up to 114%
(103-124%) level within 10 min and then rapidly
dropped to approximately 50% level, subsequently de-
creased to 32% (22-47%) level for the next 100 min
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Table 1. Loss and Recovery of Spinal Cord Somatosensory-
evoked Potentials in the Control and Cooling Groups

Control Group Cooling Group P Value
Onset of SEP 12.9 (9.6-13.7) 26.5(22.3-30.0)  0.0008
loss, min
Total duration of 419 (37.2-43.8) 21.3(20.4-25.9) 0.0008
SEP loss, min :
Recovery time of 6.9 (5.7-9.9) 32(2.4-4.2) 0.0023
SEP, min

Data were expressed as median (interquartile range). Mann-Whitney U-test
was used to compare the difference between the groups.

SEP = spinal cord somatosensory-evoked potentials.

versus the baseline. On the contrary, SCBF after de-
clamping in the Cooling group increased gradually and
remained over 92% (86-97%) level throughout the
reperfusion period.

SEP of Spinal Cord and Neurologic Outcome

No animal showed the abortion of SEP waveform as a
result of epidural cooling itself. During epidural cooling
before ACC, latency of SEP was prolonged, but its am-
plitude remained unchanged. Onset time of SEP loss
after ACC was significantly longer in the Cooling versus
the Control group, whereas total duration of SEP loss in
the Cooling group was significantly shorter versus the
Control group (table 1). In addition, recovery time of SEP
after de-clamping was significantly shorter in the Cooling
group versus Control group.

Figure 4 illustrates the data of neurologic outcome by
scoring hindlimb function at 24 and 48 h after ACC. The
animals in the Cooling group showed significantly better
Tarlov scores at 24 and 48 h versus the Control group
(Mann-Whitney U-test P = 0.0003 and 0.0004, respec-
tively). Besides, the total number of intact motor neu-

A)24 br B)48hr

Tarlov score

Control ~ Cooling Control Cooling
Median 0 5 0 5
IQR) ©-0) “-5) 0-0) -3

Fig. 4. Neurologic outcome scores of hind limb at 24 and 48 h after
aortic cross-clamping. Boxes represent the interquartile range
(IQR) containing 50% of the values. Horizontal thick lines indicate
the median values. * Significantly different from the Control
group; Tarlov scores in the Cooling group were significantly better
than those in the Control group at both 24 and 48 h (Mann-—
Whitney U-test P = 0.0003 and P = 0.0004, respectively).
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rons per each section was significantly greater in the
Cooling versus the Control group (123 [117-126] vs. 66
[52-75): Mann-Whitney U-test P = 0.0001), indicating
that almost half of motor neurons were lost in the Con-
trol group.

Histopathological Alterations and Expression of

INOS in Spinal Cord

Figures 5A and 5B show representative microphoto-
graphs of anterior horn of spinal cord in both the Con-
trol and Cooling groups. Nearly normal appearance of
motor neurons with Nissl granules and glia cells were
found in the Cooling group (panel B), whereas severe
necrosis of motor neurons accompanied by a moderate
level of hydropic vacuolation and apparent gliosis, Ze.,
proliferation of astrocytes and microglia cells, and vascular-
ization was observed in the Control group (panel A).

Figures 6A and 6B illustrate the representative micro-
scopic images of positive immunostaining iNOS expres-
sion on spinal cord in both study groups. The extent of
iNOS expression and the number of motor neurons were
apparently augmented in the Cooling group versus the
Control group. Figure 6C demonstrates histogram of
iNOS expression of spinal cord in both study groups
quantitatively assessed using ImageJ. The expression of
iNOS was significantly augmented in the Cooling group
versus the Control group (Mann-Whitney U-test P =
0.012).

Discussion

By using a porcine model of ACC, we demonstrated

that epidural cooling catheter with closed circuit lumen
preserved regional hypothermia of spinal cord approxi-
mately at 26°C and completely prevented the develop-
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Fig. 5. Representative microphotographs
of anterior horn of spinal cord stained
with hematoxyline and eosin (original
magnification X10). (4) A representative
picture in the Control group. Note that
severe necrosis was found as swollen mo-
tor neurons with no Nissl granules (N)
and that inflammatory alterations and
edema formation were observed as pro-
liferation of microglias (MG), swollen as-
trocytes (A), and microvessels (MV) and
profound hydropic vacuolation (V). Al-
most half of motor neurons were patho-
logically lost in the Control group. (B) A
representative picture in the Cooling
group. Note that nearly normal appear-
ance of motor neurons with Nissl gran-
ules (N) and few microglias (MG) were
found.

ment of paraplegia at 48 h. We also showed that epidural
cooling prevented reactive hyperemia and delayed hy-
poperfusion of SCBF after ACC, accompanied by appar-
ent reduction of histologic alterations such as necrosis of
motor neurons, hydropic vacuolation, and proliferation
of microglia cells and microvessels. Simultaneously, re-
gional epidural cooling during ACC augmented the in-
duction of iNOS in motor neurons at 48 h after ischemic
insult, which could be associated with the improvement
of neurologic outcomes. Although its protective prop-
erty against delayed-onset paraplegia remains to be de-
termined,?* the current study shed light on clinical ap-
plication of this continuous cord cooling system in
patients undergoing thoracoabdominal surgery.
Because of its similarities of anatomical characteristics
and hemodynamic responses to human as well as its
reproducibility of paraplegia, the porcine model has
been widely used for examination of spinal cord injury
and validation of protective strategy during ACC.?* In the
current study, ACC induced abrupt reduction of SCBF
irrespectively from epidural cooling, whereas approxi-
mately 20% level of baseline SCBF was preserved during
ACC (fig. 3B), indicating that SCBF was in part supplied
by collateral vessels®® and that paraplegia observed in
the Control group was not fully attributed to complete
block of blood flow during ACC. Although our approach
for blood flow measurement does not directly reflect the
ventral side of spinal cord, where vulnerable motor neu-
rons are rich, previous study demonstrated that there
were no differences in blood flow among different areas
of spinal cord during insults.?”"*® In addition, some may
argue that motor-evoked potentials rather than SEP, me-
diated through posterior and lateral column of spinal
cord, could be more reasonable for the assessment of
ischemic spinal cord.?® Due to its lesser sensitivity to
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Fig. 6. Immunohistochemical staining of
spinal cord for inducible nitric oxide syn-
thase (iNOS) (magnification X40) and
histogram of average intensity of iNOS
expression in ventral gray matter. (4) A
representative picture of the Control
group. Positive staining for INOS is green.
Note that iINOS expression was found in
proliferated glia cells (arrow) and that
motor neurons were obviously swollen
without iNOS expression (asterisk). (B) A
representative picture of the Cooling
group. Positive staining for iNOS is green.
Note that iNOS was expressed in motor
neurons (asterisk), which have normal
architecture, and that no proliferation of
glia cells was found. (C) Histogram of av-
erage intensity of INOS expression in 28 4
ventral gray matter of spinal cord. Aver-
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volatile anesthetics, more feasibility in clinical settings,
and compatibility with motor-evoked potentials to pre-
dict paralysis during ACC,3*3! however, we used SEP
during spinal cord ischemia in this study. We then found
that total time of SEP loss could predict a risk of para-
plegia more reliably than the amplitude of recovery
wave. On the other hand, the time to loss of SEP ob-
served in the Cooling group was twice as much versus
the Control group, indicating that functional activity of
neuronal cells assessed by SEP was not always depen-
dent on the amount of blood supply. Previous study also
showed that the time to loss of SEP and the time required
for SEP recovery reflected neurologic outcomes of motor
function.>*3? _

As a postischemic common phenomenon, reactive hy-
peremia, defined as transient augmentation of blood
supply to tissues after ischemic insults, could be the
major trigger to evoke tissue edema and organ dysfunc-
tion through excessive discharges of oxidative species
and other mediators.?® Indeed, paraplegia is directly cor-
related with the extent of reactive hyperemia,>* which
response found in our study appeared to be too small
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compared to previous reports. Barone et gl demon-
strated that eight times greater extent of hyperemia
versus baseline induced apparent edema of spinal cord
and paraplegia and that 200% level of augmented blood
flow was not high enough to evoke apparent paraplegia
after spinal cord ischemia.?> On the contrary, other stud-
ies demonstrated that delayed hypoperfusion per se was
more consequential to modulate the size of cerebral
infarction®*3” and to develop structural alterations of
spinal cord, including hydropic vacuolation and prolif-
eration of microglia cells and microvessels, accompanied
by swollen motor neurons as observed in the Control
group (fig. 5A).2%3® Collectively, prevention of delayed
hypoperfusion could be a prevailing component of epi-
dural cooling properties to protect spinal cord from
ischemic injury.

Another important finding of this study is that epidural
cooling augmented the expression of iNOS on spinal
cord versus the Control group. Spinal cord injury after
ACC is basically caused by both primary injury associ-
ated with severe reduction of SCBF and secondary injury
associated with free radical production, intracellular cal-
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cium mobilization, and/or excessive nitric oxide produc-
tion.'??? To protect spinal cord from ischemic injury,
therefore, it is crucial to reestablish normal SCBF as
quickly as possible and to simultaneously prevent the
progression of secondary cascades. However, since a
marked expression of iNOS was unveiled more than 24 h
after ischemic insults in central nervous system,!!:3%4°
prevention of reactive hyperemic response and delayed
hypoperfusion during the early phase after ischemic

insults observed in the Cooling group cannot be ac-.

counted for by iNOS activation, but possibly by other
types of nitric oxide synthase, such as neuronal or en-
dothelial.'* On the other hand, a marked iNOS expres-
sion with subsequent nitric oxide discharges in situ
could be associated with the prevention of secondary
injury in the Cooling group. Previous study demon-
strated that protective effects of volatile anesthetics on
spinal cord ischemia were mediated by nuclear factor-
kB-dependent pathway, 7.e., secondary pro-inflammatory
pathway.*! Another report using a mesenteric ischemia-
reperfusion model indicated that topical hypothermia pre-
vented both nuclear factor-«B activation and iNOS expres-
sion, accompanied by significant reduction of increased
intestinal permeability and histologic injury.? On the basis
of the clear difference of neurologic outcomes, augmented
iNOS expression in the Cooling group (fig. 6A) is likely to
provide its protective properties on ischemic spinal cord,
possibly through the inhibition of secondary cascade rather
than the immediate restoration of blood flow.

Although there is ongoing controversy regarding the
roles of nitric oxide in ischemia-reperfusion injury,'*
double-sward action of nitric oxide depends on the cell
type from which nitric oxide is released, the type of
nitric oxide synthase, the time period after ischemia, or
the severity of ischemic insult.*> Previous study showed
that cerebral infarct size and degree of motor deficit
produced by artery occlusion were smaller in iNOS
knockout mouse.>® In addition, expression of iNOS in
microglial cells observed in the Control group was
shown to initiate neurotoxic process and subsequent
neuronal death, possibly through increased susceptibil-
ity to glutamate.***> Others showed that induction of
iNOS in motor neurons in ventral horn appeared to be
protective despite depending on the amount of nitric
oxide discharges.!' Although it remains to be fully clar-
ified, either iNOS expression in intact motor neurons or
inhibition of glia-derived nitric oxide production could
serve to protect spinal cord from ischemic insults, sub-
sequently improving neurologic outcomes in the Cool-
ing group. Previous study demonstrated that expression
of iNOS after ischemic injury in central nervous system
stimulated m:urogcnt:sis,46 indicating that iNOS expres-
sion might not be the results of acute inflammatory
response against ischemia-reperfusion but consequential
process to restore injured neurons. Nevertheless, further
investigation should be warranted to clarify the roles of
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different types of nitric oxide synthase at the early and
late phases of spinal cord injury by using a specific
inhibitor.3?

In conclusion, regional epidural cooling during peri-
ACC period minimized both functional and structural
alterations of spinal cord and thereby improved neuro-
logic outcome possibly through prevention of delayed
hypoperfusion and augmentation of iNOS expression.
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ADAM28 is a serological and histochemical marker for
non-small-cell lung cancers
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ADAM28 (a disintegrin and metalloproteinase 28) is over-expressed in non-small-cell lung cancer (NSCLC) with correlation to
cancer cell proliferation, tumor size and lymph node metastasis. The present study was aimed to develop an enzyme-linked
immunosorbent assay (ELISA) system for diagnosis and monitoring of NSCLC. Our ELISA specifically measured ADAM28,
showing negligible cross-reactivity with other metalloproteinases. The ADAM28 level in the NSCLC tissue was remarkably
36.9-fold higher than that in the non-neoplastic lung tissue (p < 0.001). The serum level was significantly 4.6-fold higher in
the NSCLC patients (5.41 = 8.62 ng/ml; n = 102) than in the control subjects (1.17 % 0.93 ng/ml; n = 20) (p < 0.001), and
increased with progress of tumor stage (p < 0.001). The level was also significantly higher in the patients with recurrent
carcinoma than the control (p < 0.001) and in the patients with lymph node metastasis than those without metastasis (p <
0.001). The sensitivity, false-negative rate and AUC for ADAM28 were better than those for carcinoembryonic antigen. The
combination of both assays improved the sensitivity, specificity, false-positive and false-negative rates for NSCLC. There was
a positive correlation between the ADAM28 level measured by ELISA system and the degree of immunostaining in the lung
adenocarcinomas with a size of <20 mm in diameter. The adenocarcinoma patients showing the high immunohistochemical
reaction exhibited a poorer disease-free survival than those with the lower immunoreactivity (n = 102; p < 0.05). These data
demonstrate that our ELISA is specific and sensitive to monitor the levels of ADAM28 in the samples from NSCLC patients and

suggest that ADAM28 is a useful serological and histochemical marker for NSCLC.

ADAMs (a disintegrin and metalloproteinases) are a gene
family of membrane-anchored proteins that are related to
snake venom metalloproteinases and matrix metalloprotei-
nases (MMPs)."> ADAMs consist of prodomain, metallopro-
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teinase, disintegrin, cysteine-rich, epidermal growth factor-
like, transmembrane and cytoplasmic tail domains.'™ More
than 30 genes have been cloned in various species,"” but
about one-third of the members are the metalloproteinase-
type ADAMs with the zinc-binding consensus motif in their
metalloproteinase domains.” Although precise biological func-
tions of the metalloproteinase-type ADAMSs remain unclear,
they may be involved in shedding of membrane proteins, me-
tabolism of growth factors, cell adhesion, cell fusion and cell
signaling."™ Accumulated lines of evidence have demon-
strated that MMPs play an important role in invasion and
metastases of various human cancers mainly through degra-
dation of extracellular matrix.*® Human cancers are also
known to express ADAMS, 9, 10, 12, 15, 17, 19 and 28.>>°
We have reported that ADAM28, which consists of 2 iso-
forms (prototype membrane-anchored form ADAM28m and
secreted short form ADAM?28s), is over-expressed in human
breast cancers and implicated in cancer cell proliferation by
promoting the bioavailability of insulin-like growth factor
(IGF)-I through digestion of IGF-binding protein 3 (IGFBP-
3) in the IGF-I/IGFBP-3 complex.Io In human lung cancers,
ADAM 8, 9, 15, 17 and 28 have been reported to be over-
expressed.''™"® Our previous study showed that ADAM28 is
expressed almost selectively by the carcinoma cells in non-
small-cell lung cancer (NSCLC) and the expression levels cor-
relate with tumor cell proliferation, tumor size and lymph
node metastasis."*



Lung cancer is one of the most common cancers and a
major cause of mortality in many industrialized countries.'®
NSCLC represents about 80% of all lung cancers,'” and surgi-
cal resection (lobectomy and pneumonectomy with lymph
node sampling or dissection) remains the mainstay of therapy
for NSCLC patients, offering the best chance of cure. How-
ever, the majority of the diagnosed patients with NSCLC are
in an advanced stage and they are not candidates for surgical
interventions and radiation therapy. Although the chemo-
therapy may extend the survival of the advanced lung cancer
patients and relax a symptom, the prognosis still remains
poor.'*® Thus, early detection contributes to improve the
survival. In addition, the postoperative 5-year survival of
NSCLC patients of Stage I does not reach 80% mainly
because of carcinoma recurrence.”"** These indicate the im-
portance of the markers for diagnosis and monitoring cancer
recurrence. Carcinoembryonic antigen (CEA), squamous cell
carcinoma antigen (SCC-Ag), neuron specific enolase (NSE),
cytokeratinl9 fragment (CYFRA21-1) and sialyl Lewis® (SLX)
have been commonly used as tumor markers for NSCLC,**~
*® but none of these markers appear to be sufficiently sensi-
tive and specific to be reliable for screening and diagnosis of
NSCLC, especially early-stage lung cancers.*>™" If one
marker could discriminate between patients with or without
lung cancer, it might be suitable for screening of diagnosis
and would contribute to improvement of mortality rate.

In the present study, we established an enzyme-linked im-
munosorbent assay (ELISA) system for ADAM28 using 2
mouse monoclonal antibodies. We applied this system to the
samples of human carcinoma cell lines, lung carcinoma tis-
sues, serum and urine. The serum levels of ADAM28 in the
NSCLC patients were compared with those in the control
normal subjects and among the patient groups classified
according to the clinicopathological parameters. ADAM28
was also detectable by immunoblotting and measurable by
the ELISA system in the urine samples from the patients.
The disease-free survival and overall survival rates were cal-
culated based on the immunohistochemical results in the
patients with adenocarcinoma of <20 mm in diameter. Our
study provides the first evidence that ADAM28 may be a
useful serological and/or histochemical marker for NSCLC.

iaterial and Methods

Preparation of mouse monoclonal antibodies against
ADAM28

Monoclonal antibodies against ADAM28 were developed by
using purified recombinant proADAM28s (a precursor of
ADAM28s) as an antigen according to our previous meth-
ods."****! Six clones (297-2F3, 297-1E3, 297-1A5, 297-3B10,
297-3B6 and 297-3D10) secreting immunoglobulin G (IgG)
were selected after screening by ELISA system using recombi-
nant ADAM28s."* Monospecificity of the clones was deter-
mined by immunoblotting of the culture media containing
proADAM28s as described previously.'* All these antibodies
specifically recognized proADAM28s, and clones 297-2F3

Serum ADAM28 in human lung carcinomas

and 297-1E3, both of which were used for the ELISA system
(see below), were reactive with the metalloproteinase domain
of ADAM?28'* (data not shown for 297-1E3).

Development of ELISA system for ADAM28

The 6 monoclonal anti-ADAM28 antibodies were conjugated
with horseradish peroxidase (HRP) according to the methods
previously described.** Briefly, HRP in distilled water was
reacted with 0.1 mM sodium periodate for 20 min at 23°C

“and then dialyzed against 1 mM sodium acetate, pH 4.0 at

4°C overnight. Equal volume (100 pl) of 5 mg/ml monoclo-
nal antibody and 4 mg/ml activated HRP, pH of which had
been adjusted to 9.0-9.5 with 0.2 M sodium carbonate, was
incubated for 2 hr at 37°C. After stopping the reaction by
incubation with 4 mg/ml sodium tetrahydroborate, the mix-
ture was dialyzed against phosphate-buffered saline, pH 7.0
(PBS) at 4°C overnight.

Microtiter plates with 96 wells (Nalge Nunc International,
Rochester, NY) were coated with 100 pl of 1 pg/ml nonla-
beled antibody in PBS at 4°C overnight and then incubated
with 1% bovine serum albumin (BSA) for 1 hr. After washing
with PBS 7 times, 50 pl enzyme solutions containing different
concentrations of ADAM28 were added to the plates and
incubated for 2 hr at 23°C. After washing with PBS, the
plates were incubated with 2.5 pug/ml HRP-conjugated anti-
body in 1% BSA for 1 hr at 23°C, washed with PBS and then
reacted with 1 mg/ml O-phenylenediamine and 0.02% hydro-
gen peroxide in 100 mM citric acid buffer, pH 6.0 for 30
min. The reaction was stopped with 4 N sulfuric acid and
the absorbance at 492 nm was measured by a microplate
reader (Powerscan-HT, DS Pharma Biomedical Co., Osaka,
Japan). Cross-reactivity with other ADAMs and MMPs was
examined by using authentic proteins including ADAMS
(R&D System, Minneapolis, MN), ADAM9 (R&D System),
ADAMI0 (R&D System), ADAM12,>> ADAM17 (R&D Sys-
tem), ADAMTS] (R&D System), ADAMTS4,** ADAMTS5
(R&D System), proMMP-1 (Calbiochem, La Jolla, CA),
proMMP-2,** proMMP-3,** proMMP-7,” proMMP-9** and
proMMP-13 (Calbiochem). All the ADAM and proMMP
species were diluted with PBS and incubated in the microtiter
plates. After the reactions, the absorbance was measured with
the PBS-incubated samples as a control.

Immunoblotting of ADAM28 and application of the ELISA
system to carcinoma cell lines and lung tissues

Cancer cell lines established from lung squamous cell carci-
noma (SK-MES-1), lung adenocarcinoma (Lu-1, PC9, A549
and H1650), pancreatic adenocarcinoma (PANCI1) and breast
carcinoma (MCF-7) were maintained in RPMI-1640 contain-
ing 10% heat-inactivated fetal bovine serum and antibiotics
in a humidified atmosphere of 5% CO, at 37°C. The subcon-
fluent cells were cultured in serum-free RPMI-1640 medium
for 2 days and the culture media were harvested. Cell lysates
were prepared in 50 mM Tris-HCI buffer, pH 7.5, 150 mM
NaCl, 10 mM CaCl, and 0.01% Brij 35 (TNCB buffer)
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containing a cocktail of proteinase inhibitors (Complete
Mini, Roche Diagnostics, Mannheim, Germany) and concen-
trations of the supernatants of cell lysates were measured by
Proteostain (Dojindo, Kumamoto, Japan) using BSA as a
standard. Both cell lysates (100 pg/well) and concentrated
culture media (1 ml of the original media/well) were sub-
jected to the ELISA for ADAM28. Concentrations of
ADAM28 in the cell lysates and culture media were calcu-
lated by dividing the amounts of ADAM28 protein in the
lysates and media by total proteins of the cell lysates. Pro-
teins in the homogenate supernatants were also analyzed by
immunoblotting. The homogenate samples (20 pg/lane) were
subjected to sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) under reducing conditions and
transferred onto polyvinylidene difluoride membranes. The
membranes were blotted with anti-ADAM28 antibody spe-
cific to the metalloproteinase domain of ADAM28 (5 pg/ml;
297-2F3), anti-ADAM28 antibody specific to the cytoplasmic
domain of ADAM28m (1 pg/ml, CLIADAM28; Cedarlane
Labs, Hornby, Ontario, Canada) or anti-B-actin antibody (0.2
png/ml; Sigma-Aldrich, St. Louis, MO) after blocking nonspe-
cific reactions. As for a control, they were reacted with non-
immune mouse IgG (5 pg/ml; Sigma-Aldrich) or rabbit IgG
(1 pg/ml; DAKO, Glostrup, Denmark). The membranes were
then incubated with secondary antibody (1:5,000; Amersham
Pharmacia Biotech, Buckinghamshire, UK) and immunoreac-
tive protein bands were detected with ECL immunoblotting
reagents (Amersham Pharmacia Biotech).

Lung carcinoma tissue samples consisted of adenocarcino-
mas (n = 6) and squamous cell carcinomas (n = 6) and their
non-neoplastic lung tissues (1 = 12) distant from the cancers
in the same lobes were snap-frozen in liquid nitrogen imme-
diately after surgically removed and stored at —80°C. The
carcinoma and non-neoplastic lung tissues were homogenized
on ice in TNCB buffer containing a cocktail of proteinase
inhibitors. Supernatants of the tissue homogenates (20 pg/
well) were subjected to ELISA.

Preparation of serum samples from the patients with

NSCLC or normal healthy subjects for ELISA

Serum samples were obtained at the time of pathological or
cytological diagnosis from a total of 102 patients (90 patients
with primary NSCLC and 12 patients with recurrent NSCLC)
(71 males and 31 females) ranging from 36 to 84 years of age
(66 = 11 years old; mean * SD), who were admitted to the
Keio University Hospital, Tokyo, Japan. The control group
consisted of 20 healthy volunteers (10 males and 10 females)
ranging from 45 to 83 years of age (68 * 9 years old). The
102 NSCLC cases consisted of adenocarcinoma (67 cases),
squamous cell carcinoma (21 cases), NSCLC, in which spe-
cific histopathological diagnosis could not be made because
of limited amount of the biopsied tissue samples (8 cases),
pleomorphic carcinoma (3 cases), large cell carcinoma 2
cases) and adenosquamous carcinoma (1 case). Histological
typing of the tumors was carried out according to the WHO
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classification,” and pathological stages were determined by
the current TNM classification.*> None of the patients except
for those with recurrent carcinoma had been treated by
chemotherapy or irradiation. The clinical data for staging
were obtained by computed tomography scan of the chest
and abdomen, magnetic resonance imaging of the head, ab-
dominal echo, bone scintigraphy and/or positron emission
tomography. Serum samples were stored at —80°C before
used for ELISA of ADAM28 and CEA, the latter of which
was commercially available electrochemiluminescence immu-
noassay (Roche Diagnostics, Tokyo, Japan). Informed consent
was obtained from the patients and normal subjects accord-
ing to the hospital ethical guidelines. The profiles of the
patients with primary NSCLC (n = 90) are summarized in
Table 1.

Preparation of urine samples from the NSCLC patients or
normal healthy subjects for immunoblotting and ELISA
Urine samples were collected from 91 patients with NSCLC
(61 males and 30 females) aged ranging from 41 to 84 years
old (66 = 10 years old). The 91 NSCLC cases consisted of
adenocarcinoma (58 cases), squamous cell carcinoma (19
cases), NSCLC diagnosed without specific histopathological
diagnosis because of the tissue limitation (9 cases), pleomor-
phic carcinoma (2 cases), large cell carcinoma (2 cases) and
adenosquamous carcinoma (1 case). None of the patients had
been treated by chemotherapy or irradiation. The control
group consisted of 20 healthy volunteers (13 males and 7
females) aged from 50 to 70 years old (62 % 7 years old).
Informed consent was obtained from the patients and normal
subjects according to the hospital ethical guidelines.

The morning midstream voided urine samples (10-20 ml)
were collected and tested by Multistix 9 urinalysis strips
(Bayer, Ellhart, IN), and the positive samples containing red
blood cells and/or leukocytes were excluded from the experi-
ments. The samples were subjected to centrifugation at
4,000¢ for 15 min at 4°C to remove insoluble materials. The
10-ml urine samples were concentrated by centricon (Milli-
pore, Billerica, MA) and then proteins were precipitated with
3.3% trichloroacetic acid. After centrifugation, the pellets
were subjected to immunoblotting for ADAM28 as described
above. Since more than half numbers of the urine samples (n
= 55) were used up for immunoblotting, the remaining sam-
ples from lung carcinoma patients (n = 26) and control sub-
jects (n = 10) were also subjected to ELISA for ADAM28.

Immunochistochemistry for ADAM28 in the lung
adenocarcinomas

Carcinoma tissues (n = 102) obtained from the patients with
adenocarcinoma of <20 mm in diameter, whose clinical
courses were monitored for 7 years, were fixed with buffered
formalin and paraffin sections (4-pum thick) were made. After
dewaxed, the sections were treated with 0.3% hydrogen per-
oxide in methanol and 10% normal goat serum to block en-
dogenous peroxidase and nonspecific binding, respectively.




‘table 1. Characteristics of the patients with primary NSCLC

Serum ADAM28 in human lung carcinomas

Variable No. of patients (n = 90) ADAM28 (ng/ml) (Mean = SD) p value*

Age (years) <70 49 5.78 = 9.26 0.563
>70 41 4.96 = 7.64

Gender Male 62 6.10 = 9.94 0.104
Female 28 3.79 = 4.04

Tumor size (mm) <30 59 417 = 7.27 <0.001
>30 31 6.97 = 9.89

Histology ADC 57 5.45 = 8.80 0.859
ScC 20 3.90 £ 3.71
Others 13 3.78 £ 1.77

Stage | 50 2.36 = 1.90 <0.001
=1 =1 40 9.16 = 11.7

T factor T1 50 414 £ 7.29 <0.001
T2 29 4.96 = 4.88
T3+ T4 11 12.0 = 15.8

*Mann-Whitney U test.Abbreviations: ADC, adenocarcinoma; SCC, squamous cell carcinoma.

Then, they were reacted with anti-ADAM28 antibody (10 pg/
ml; 297-2F3) at 4°C overnight and incubated with biotinyl-
ated anti-mouse IgG (1/200 dilution; Vector Laboratories,
Burlingame, CA). Immunostaining was performed by the
peroxidase-labeled avidin-biotin-complex method (1/100 dilu-
tion; DAKO).'™ As a control, sections were reacted by
replacing the primary antibody with nonimmune mouse IgG
(10 pg/ml; DAKO). After the reactions, the sections were
counterstained with hematoxylin. Grading of immunostaining
(% of immunostained carcinoma cells to total carcinoma
cells) was carried out without any knowledge of the clinical
data according to our methods as described previously.'®'*
Since frozen adenocarcinoma tissues were available with 37
cases, tissue homogenates were prepared from the samples
and the supernatants were subjected to ELISA for ADAM2S.
The data of ELISA were compared with the immunostaining
grade. To examine whether ADAM28m and/or ADAM?28s
are produced in these adenocarcinoma samples, the homoge-
nates (70 pg/lane) were analyzed by immunoblotting with
anti-ADAM28 antibodies specific to the ADAM?28 metallo-
proteinase domain (297-2F3) or the ADAM28m cytoplasmic
domain (CLIADAM28; Cedarlane Labs) or anti-B-actin anti-
body (Sigma-Aldrich) as described above.

Statistical analyses

All of the data were analyzed with SPSS software (SPSS ver-
sion 15.0]). Sensitivity, specificity, false-positive and false-neg-
ative rates and likelihood ratio were compared using standard
formulas. Differences in the levels of ADAM28 and CEA and
comparison between the immunoblotting data of ADAM28
in the urine samples from cancer groups and controls were
analyzed by Mann-Whitney U tests. Comparison among
more than 3 groups was determined by the Kruskal-Wallis

test. The correlation for 2 markers was analyzed by the Pear-
son’s correlation coefficient. Analysis of survival was per-
formed using the method of Kaplan-Meier, and comparison
of survival between patient groups was done by Log-rank
test. P values less than 0.05 were considered significant.

Results

Development of ELISA system for ADAM28

Using 6 monoclonal antibodies against ADAM28 (297-2F3,
297-1E3, 297-1A5, 297-3B10, 297-3B6 and 297-3D10), we
tried to develop the ELISA system for ADAM28 by testing
total 30 combinations of the 2 monoclonal antibodies. As a
result, the combination of 297-1E3 (the solid phase) and
297-2F3 (the conjugate coupled with HRP) was found to be
the most sensitive for detection of recombinant ADAM2S.
When the cross-reactivity of the antibodies in the ELISA sys-
tem was examined against ADAMS, ADAMY9, ADAMIO0,
ADAMI2, ADAMI17, ADAMTSI, ADAMTS4, ADAMTSS,
proMMP-1, proMMP-2, proMMP-3, proMMP-7, proMMP-9
and proMMP-13, negligible reaction with these ADAMs,
ADAMTSs or proMMPs was obtained (Table 2).

Standard assay curve for ADAM28 by the ELISA system

and its validation

The sensitivity of the assay for standard recombinant
ADAM28 was 0.1 ng/ml, which was calculated as the concen-
tration that is 2 standard deviations above the zero standard.
Linearity was obtained between 0.1 and 10.0 ng/ml (Fig. 1).
The values of intra-assay coefficient of variation (C.V.),
which represents [standard deviation/mean] x 100, of nor-
mal serum containing ADAM28 at concentrations of 1.25,
25 and 5.0 ng/ml were 2.5-4.6% (n = 5). Interassay C.V.
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Table 2. Cross-reactivity of the ELISA system for ADAM28 with other
ADAMs, ADAMTSs and proMMPs

Concentration (ng/ml) A492
ADAM28 1 0.241 = 0.003

5 1.825 = 0.031
ADAMS 5 0.038 = 0.001
ADAMS 5 0.027 = 0.001
ADAM10 5 0.015 = 0.002
ADAM12 5 0.067 = 0.002
ADAM17 5 0.019 = 0.001
ADAMTS1 5 0.033 = 0.001
ADAMTS4 5 0.054 = 0.001
ADAMTS5 5 0.064 £ 0.001
ProMMP-1 5 0.070 = 0.002
ProMMP-2 5 0.092 = 0.001
ProMMP-3 5 0.085 = 0.001
ProMMP-7 5 0.090 = 0.001
ProMMP-9 5 0.091 *= 0.002
ProMMP-13 5 0.005 * 0.001

The assay was triplicated and the data are presented as mean = SD.

values were 4.3-6.2% (n = 5) at serum ADAM28 levels of
1.25, 2.5 and 5.0 ng/ml. Recoveries of standard ADAM28
added to human serum containing ADAM28 at a concentra-
tion of 5 ng/ml over range of 0.1-5.0 ng/ml were (103.9 =
10.8)% (mean * SD.).

Measurement of ADAM28 in cancer cell lines and

NSCLC tissues

By immunoblotting, cell lysates of all 5 lung carcinoma cell
lines (SK-MES-1, Lu-1, PC9Y, A549 and H1650) showed sev-
eral major immunoreactive bands including 65-, 55/57-, 42-
and 27-kDa bands with anti-ADAM28 antibody specific to
the metalloproteinase domain (297-2F3), whereas no definite
immunoreactive bands were observed in PANCI and MCF-7
cell lysates (Fig. 2a). Among them, the 55/57-kDa bands
were immunoreactive with anti-ADAM?28 antibody specific
to the cytoplasmic domain of ADAM28m (Fig. 2a), indicat-
ing that they represent active forms of ADAM28m as we pre-
viously reported.'® According to the molecular weight of the
immunoreactive bands and their negative immunoreactivity
to the antibody against ADAM28m, the 65-kDa and 42-kDa
bands are considered to be proADAM28s and active
ADAM28s, respectively'®'*?! and the 27-kDa band may be a
degraded form containing the metalloproteinase domain of
ADAM28. In accord with the immunoblotting data,
ADAM28 was measurable in these carcinoma cell lysates by
the ELISA system, but it was negligible in the samples of
PANCI and MCF-7 cell lines (Fig. 2a). The immunoblotting
patterns appeared to be similar to the ADAM28 levels mea-
sured by the ELISA system (Fig. 2a). Lower levels of
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Figure 1. Standard curve by the ELISA system for ADAM28. Purified
proADAM28 was determined by the ELISA system consisting of 2
monoclonal antibodies (297-1E3 as a solid phase and 297-2F3 as
HRP-conjugate) using microtiter plates as described in Material
and Methods.

ADAM28 were also detectable by the ELISA system in the
culture media from the lung carcinoma cell lines, but the
level was negligible in those from PANC1 and MCEF-7 cell
lines (Fig. 2b). We also measured the levels of ADAM28 in
homogenates of the NSCLC tissues and their non-neoplastic
lung tissues by our ELISA system. As shown in Figure 2c, the
level was remarkably 36.9-fold higher in the carcinoma tis-
sues (53.2 = 17.2 ng/mg protein) than in the non-neoplastic
tissues (1.4 * 0.4 ng/mg protein) (p < 0.001; n = 12 each).

Serum levels of ADAM28 in the patients with NSCLC and
their correlations with clinicopathological parameters

The serum samples from the patients with NSCLC and con-
trol healthy subjects were subjected to our ELISA system.
The mean level of ADAM28 in the carcinoma patients (n =
102) was 5.41 = 8.62 ng/ml (data not shown), which was sig-
nificantly 4.6-fold higher than in the controls (1.17 * 0.93
ng/ml; n = 20) (p < 0.001) (Fig. 3a). When the level was
compared among the tumor stages, it was gradually and sig-
nificantly increased with progress of the stage (p < 0.001)
(Fig. 3a). The level of ADAM28 was significantly 2.0-fold
higher in Stage T (2.36 = 1.90 ng/ml; n = 50) than in the
controls (p < 0.01) and it was also significantly 2.1-fold
higher in Stage 11 (5.05 * 1.56 ng/ml; n = 12) than in Stage
[ (p < 0.001). The levels in Stage III (9.76 = 1.1.72 ng/ml; n
= 17) and Stage IV (12.71 % 15.80 ng/ml; » = 11) were not
significantly different from those in Stage I or Stage II (Fig.
3a), but the level in Stages II-IV (9.16 = 11.7 ng/ml; n =
40) was significantly higher than that in Stage I (p < 0.001)
(Table 1). Importantly, the patients with recurrent carcinoma
showed a significantly higher level of ADAM28 (9.93 = 8.56
ng/ml; n = 12) than the control subjects (p < 0.001) (Fig.
3a). In addition, the level in the patient group with lymph
node metastasis (9.78 = 125 ng/ml n = 35) was
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Figure 2. The expression of ADAM28 species in cell lysates and culture media of human cancer cell lines and homogenates of human
NSCLC and non-neoplastic lung tissues. (a) Immunoblotting and ELISA analyses of ADAM28 in the cell lysates of cancer cell lines. Cell
lysates from lung squamous cell carcinoma (SK-MES-1), lung adenocarcinoma (Lu-1, PC9, A549 and H1650), pancreatic adenocarcinoma
(PANC1) and breast carcinoma (MCF-7) were subjected to immunoblotting (IMB) using anti-ADAM28 antibodies specific to the
metalloproteinase domain of ADAM28 (297-2F3; upper panel) or the cytoplasmic domain of ADAM28m (CL1ADAM28; middle panel) as
described in Material and Methods. Closed arrowhead, arrows and open arrowhead, 65-kDa proADAM28s, 55/57-kDa active ADAM28m and
42-kDa active ADAM28s, respectively. The samples were also applied to the ELISA system for ADAM28 (lower panel). MES-1, SK-MES-1.

(b) ELISA analyses of ADAM28 in the culture media of cancer cell lines. Culture media from the cell lines were subjected to the ELISA
system. (c) Analysis of ADAM28 production levels in NSCLC (T) and control non-neoplastic tissues (Cont) by the ELISA system. ***, p < 0.001.

significantly 3.8-fold higher than that in the group without
metastasis (2.58 * 1.99 ng/ml; n = 55) (p < 0.001) (Fig. 3b).
It was also significantly increased with the tumor size (p <
0.001) (Fig. 3¢) and the T factor (Table 1).

Comparison of ADAM28 and CEA as tumor markers

Since CEA in serum samples is used as a prevalent maker for
diagnosis and monitoring of NSCLC, we compared the sensi-
tivity, specificity and false-positive and false-negative rates of
ADAM28 with those of CEA. When the cutoff level of
ADAM28 assay was set as 1.72 ng/ml according to the value
of mean = 2SD of the healthy controls, the sensitivity, speci-
ficity, false-positive and false-negative rates of ADAM28 in
the NSCLC samples were 72.5, 76.5, 23.5 and 27.5%, respec-
tively (Table 3). On the other hand, those of the CEA assay
with the upper limit of normal defined as 5.60 ng/ml in our
hospital were 30.6, 88.2, 11.8 and 69.4%, respectively (Table
3). The specificity and false-positive rate with a 3.20 ng/ml
cutoff of ADAM28 assay were improved to 100 and 0%,
respectively, but the sensitivity and false-negative rate were

worse than those with a 1.72 ng/ml cutoff (Table 3). The
mean area under the receiver-operating characteristic curve
(AUC) for ADAM28 was 0.79 (95% confidence interval =
0.76-0.86), whereas AUC for CEA was 0.56 (95% confidence
interval = 0.44-0.67) (Fig. 4a). In accord with the fact that
the 2 tumor markers are different in character (a metallopro-
teinase versus a carbohydrate chain antigen of colon origin),
there was no significant correlation between the serum levels
of ADAM28 and CEA (r = 0.158, p = 0.149; n = 90) (Fig.
4b). Therefore, when the 2 markers were applied to the sam-
ples, the sensitivity, specificity, false-positive and false-nega-
tive rates were improved up to 81.2, 94.1, 59 and 18.8%,
respectively (Table 3).

ADAM28 in human urine samples from NSCLC patients

To examine whether ADAM28 is secreted into urine, we per-
formed immunoblotting for ADAM28 in the urine samples
from patients with NSCLC and control subjects. As shown in
Figure 5a, immunoblotting demonstrated an ADAM28 pro-
tein band of 42 kDa in 37.4% of the samples from the
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Table 3. Characteristics of serum ADAM28 and CEA
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Figure 3. Comparison of serum concentrations of ADAM28 in
patients with NSCLC and control healthy subjects. Serum ADAM28 0.1 T T |
was measured by the ELISA system in serum samples from the 0 20 40 60
NSCLC patients and control subjects. (a) Serum concentrations of ADAM28 (ng/ml)

ADAM28 in control subjects (Cont) or patients with primary NSCLC
at Stages |-V or recurrent NSCLC (Rec). (b) Serum levels of
ADAM28 in control subjects (Cont) or patients with or without
lymph node metastasis. LN(-), patients without lymph node
metastasis; LN(+), patients with lymph node metastasis. (c) Serum
levels of ADAM28 in control subjects (Cont) or NSCLC patients with
tumor sizes of 0 mm < 7 < 10 mm, 10 mm < 7 < 20 mm, 20 mm
<T<30mmor30mm<T.* p<0.05 *, p < 0.01; ***

p < 0.001.

carcinoma patients (34/91 samples), but none of the samples
from the healthy controls (0/20 samples) showed the immu-
- noreactive band. The detection rate of ADAM28 was signifi-
cantly higher in the cancer patients than in the controls

Int. J. Cancer: 000, 000-000 (2010) © 2010 UICC

Figure 4, Receiver-operating characteristic curves for ADAM28 and
CEA, and correlation between concentrations of ADAM28 and CEA
in NSCLC patients. (a) Serum concentrations of ADAM28 and CEA
in NSCLC samples (n = 90) and control samples (7 = 20) were
determined by the ELISA systems. Receiver-operating characteristic
curves for ADAM28 (solid line) and CEA (dotted line) were derived
by plotting the relationship between the specificity and the
sensitivity at various cutoff levels. (b) Correlation between serum
concentrations of ADAM28 and CEA in NSCLC patients (n = 90).

(p < 0.001), and gradually increased with progress of the stage
(p < 0.001) (Fig. 5b). When concentrations of ADAM?28 in the
urine and serum samples from the cancer patients (n = 26)
and controls (n = 10) were compared, there was a direct
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Figure 5. Immunoblotting and ELISA analyses of ADAM28 in urine samples from NSCLC patients or control normal subjects, and correlation
between the levels of ADAM28 in serum and urine samples. (a) immunoblotting of ADAM28 in urine samples. Urine samples from control
subjects (Cont) and NSCLC patients (Stage | and Stages 11-IV) were subjected to immunoblotting with anti-ADAM28 antibody specific to the
metalloproteinase domain (297-2F3) as described in Material and Methods. The arrow indicates the 42-kDa band of ADAM28. The 13
representative samples are shown. Lanes 1-3, control samples; Lanes 4-6, Stage | NSCLC samples; Lanes 7-13, Stages |-V NSCLC
samples. (b) Detection rate of the ADAM28 protein band by immunoblotting in urine samples from control subjects and NSCLC patients at

clinical Stages I, Il, lll and IV. **, p < 0.01; ***, p < 0.001. (¢) Correlation between the serum and urine levels of ADAM28 measured by
the ELISA system (r = 0.474, p < 0.01; n = 36). O, control subjects; e, NSCLC patients.
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Figure 6. Immunostaining of ADAM28 and its correlation with ADAM28 production levels in adenocarcinomas with a tumor size of <20 mm
in diameter, immunoblotting of ADAM28 in the adenocarcinoma tissues and Kaplan—Meier graphs of disease-free survival and overall
survival. (@) Immunostaining of ADAM28 in adenocarcinoma with anti-ADAM28 antibody to the metalloproteinase domain (297-2F3) (A-C)
or nonimmune mouse I1gG (D). A, B, C and D: adenocarcinomas obtained from patients in Stage | (A), Il (B) or lll (C and D). Note that
immunostaining is predominantly observed in the carcinoma cells, showing more immunoreactive cells with staging. Inset, high-power view
of the carcinoma cells. Scale bars, 50 um. (b) Immunoblotting (IMB) of ADAM28 in the adenocarcinoma tissues with anti-ADAM28 antibody
(297-2F3) and anti-ADAM28 antibody specific to the cytoplasmic domain of ADAM28m (CL1ADAM28). Samples are from the patients of
Stages Ill, Il and Il from the left. Arrows and open arrowhead, 55/57-kDa ADAM28m and 42-kDa ADAM28s. (0) Correlation between the
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survival (left) and overall survival (right). Black line, the low-expressing group (7 = 32); blue line, the medium-expressing group (n = 20);
red line, high-expressing group (n = 50).
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correlation between the levels of ADAM28 in the urine and
the serum samples (r = 0.474, p < 0.01; n = 36) (Fig. 5¢). A
similar direct correlation was also observed with the urine
and serum samples from the cancer patients alone (r = 0.600,
p < 0.01; n = 26) (data not shown).

Immunohistochemistry of ADAM28 as a prognostic marker
for the patients with lung adenocarcinoma

Although our previous study showed that ADAM28 is immu-
nolocalized to the carcinoma cells of the lung adenocarcino-
mas, the study did not clarify the relationship between the
degree of the immunostaining and the production level in
the carcinoma tissues.'* Thus, we compared the level of
ADAM?28 measured by the ELISA system and the degree of
immunostaining in the carcinoma cells using the adenocarci-
nomas with a tumor size of <20 mm in diameter, the clinical
courses of which were monitored for 7 years. Stages of the
adenocarcinoma patients (n = 102) included Stages I (91
cases), II (3 cases) and III (8 cases). The level of ADAM28
protein in the adenocarcinoma tissues (n = 37) was 61.8 *
35.0 ng/mg protein, ranging from 5.87 to 110.30 ng/mg pro-
tein. By immunohistochemistry, ADAM?28 was localized pre-
dominantly to the carcinoma cells in all the carcinoma sam-
ples examined (Fig. 6a) and the proportion of ADAM28-
immunostained carcinoma cells to total carcinoma cells (im-
munoreactivity) was (64.9 * 33.9)%, ranging from 5 to
100%. Immunoreactivity appears to increase with staging of
the adenocarcinoma patients, and negligible or no staining
was observed with nonimmune IgG (Fig. 6a). Immunoblot-
ting analyses for ADAM28 of the carcinoma tissues showed
that all the samples examined (n = 31) contain active forms
of 42-kDa ADAM28s and 55/57-kDa ADAM28m forms (Fig.
6b for representative 3 cases and data not shown for others),
although the immunoblotting patterns of the molecular spe-
cies or the density of the immunoreactive bands showed no
definite correlation with the stages of the patients. When the
ADAM28 level and the ADAM28 immunoreactivity were
compared in each case, there was a significant correlation
between the 2 groups (r = 0.539, p < 0.01; n = 37) (Fig. 6¢),
suggesting that the immunostaining reflects the production
levels by the carcinoma cells. To study the relationship
between the immunohistochemical ADAM28 expression and
the disease-free survival after operation and overall survival,
a larger number of the carcinoma cases (1 = 102) were ana-
lyzed by classifying them to the low-expressing group (immu-
noreactivity < 1-49%) (20.6% = 15.4%; n = 32), medium-
expressing group (immunoreactivity < 50-79%) (63.0% *
9.7%; n = 20) and high-expressing group (immunoreactivity
> 80%) (94.0% % 6.1%; n = 50). As shown in Figure 6d,
disease-free survival after operation was significantly lower in
the high-expressing group than in the low-expressing and
medium-expressing groups (p < 0.05). Overall survival in
the high-expressing group showed a tendency to poorer prog-
nosis as compared to the low-expressing and medium-

Serum ADAM28 in human lung carcinomas

expressing groups, although a significant difference was not
obtained (p = 0.073) (Fig. 6d).

Discussion

In the present study we have established an ELISA system
for human ADAM28 using a combination of 2 monoclonal
antibodies against ADAM?28. The ELISA system was specific
to ADAM28, since only negligible reaction was observed with
ADAMS, 9, 10, 12 and 17, ADAMTSI, 4 and 5 and
proMMP-1, 2, 3, 7, 9 and 13, all of which are members of
the metalloproteinase gene families. The 2 antibodies used
for the ELISA system were reacted with the metalloproteinase
domain of ADAM28, and the immunoblotting patterns of
ADAM28 species in cell lysates appeared similar to the levels
measured by the ELISA system. Therefore, the assay is
expected to detect all the ADAM?28 species within the sam-
ples, that is, both precursor and active forms of ADAM?28s
and ADAM28m, and is considered to be suitable to measure
a total amount of ADAM28 species in the clinical samples.
In fact, the ADAM28 levels were remarkably high in the
NSCLC tissues and negligible in the non-neoplastic lung tis-
sue, confirming our previous immunohistochemical data of
ADAM28.'*

Our study has demonstrated that the serum levels of
ADAM28 are significantly higher in the NSCLC patients
than in the control normal subjects, and that the level gradu-
ally increases with the staging of NSCLC. Importantly, the
level is significantly higher even in the Stage I patients than
in the control subjects, suggesting that this assay system is
applicable to screening of NSCLC patients at eatly stages.
There was a positive correlation between the ADAM28 level
and the tumor size, and the level was significantly higher in
the patients with recurrent tumors than in the control sub-
jects. We have previously reported that the mRNA expression
levels of ADAM?28 correlate with MIB1-positive cell index (a
marker of cell proliferation) and lymph node metastasis in
NSCLC patients.'* Thus, the data in the current study are
accordant to our previous findings on the clinicopathological
correlations. The present immunoblotting study showed that
active forms of both ADAM28s and ADAM28m are present
in the adenocarcinoma tissues. Therefore, it seems plausible
that ADAM28s secreted by NSCLC cells is drained into
blood. However, our study does not completely exclude the
possibility that ADAM28 detected in the serum samples may
contain ADAM28m shed from NSCLC cells in addition to
ADAM28s, although no data on the shedding of ADAM28m
have been provided.

Previous study showed that ADAM?28 is over-expressed,
probably by stellate cells, in biopsied liver tissues from
patients with chronic liver diseases and the expression levels
correlate with degree of liver fibrosis.* This raises questions
of whether ADAM28 is over-expressed in the lung tissues
from patients with fibrotic and/or chronic inflammatory lung
diseases such as interstitial pneumonia, chronic obstructive
lung disease and bronchial asthma, and whether the serum
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levels are increased in the patients. These could be answered
by future studies of immunohistochemistry and ELISA analy-
ses for ADAM28 on the samples from such patients. It will
be also important to determine whether application of our
ELISA system for ADAM28 to serum samples is useful in
differentiating NSCLC from chronic lung diseases.

Tumor markers including CEA, SCC-Ag, NSE, CYFRA21-
1 and SLX have been clinically used to assist the diagnosis of
patients with NSCLC and to monitor the progression, recur-
rence and/or efficiency for the treatment of NSCLC
patients.>** Among the markers, CEA is most commonly
used as a marker for diagnosis and monitoring of
NSCLC.*?%*> When the efficiency of the assays was com-
pared in serum samples from NSCLC patients, the sensitivity
and false-negative rate of ADAM28 assay were better than
those of CEA assay. The sensitivity of CEA is known to be
low in NSCLC patients.”**” In fact, the CEA level in the
Stage [ patients was not significantly different from that in
the control subjects in the present (data not shown) and pre-
vious studies.?” In addition, AUC was higher in ADAM28
assay than in CEA assay. Altogether, these data strongly sug-
gest that ADAM28 is better than CEA as a tumor marker for
NSCLC, especially for the patients at early stages. There was
no correlation between the values by the 2 assays, and a
combination of the ADAM?28 and CEA assays improved the
sensitivity, specificity, false-positive and false-negative rates.
Thus, although ADAM?28 itself is a good marker for NSCLC,
the combined usage of ADAM28 and CEA assays may be
more powerful and accurate for diagnosis and monitoring of
NSCLC. Ishikawa et al.'' reported similar data on ADAMS:
NSCLC over-expresses ADAMS8 and its serum level deter-
mined by the ELISA system is significantly higher in the lung
cancer patients than in the control subjects. In addition, they
showed that the assay for ADAMS is equivalent or better
than that for CEA and their combination increases the sensi-
tivity. However, their study did not determine whether
ADAMS can be a marker for early-stage NSCLC because
most of their serum samples were derived from patients with
advanced cancers (Stage HIB-IV)."" Thus, if ADAMS could
be a marker for Stage I NSCLC patients, it would be of inter-
est to compare the advantage of the 2 assays of ADAM28
and ADAMS for diagnosis of early-stage NSCLC.

The present study has provided the first evidence that
ADAM28 of 42 kDa is excreted into urine in the NSCLC
patients, which was demonstrated by both immunoblotting
and ELISA. The 42-kDa form of ADAM28 is an active form
of ADAM28'%1*?! and present as a major protein band in
culture media of carcinoma cell lines and cancer tissues,'>**
although the present study did not determine the forms of
ADAM28 in the serum samples of the patients. It is unclear
at present how ADAM28 is metabolized within serum. How-
ever, since the concentration of ADAM?28 in the urine sam-
ples was ~100-fold lower than that in the serum samples, it
may be reasonable to think that this ADAM28 form is fil-
trated from serum through the glomerular basement mem-
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brane into urine in the kidney, as discussed with ADAMI12,
which is also known to be excreted into urine in the patients
with breast carcinoma.®® Interestingly, the detection rate of
ADAM28 by immunoblotting of the urine samples was sig-
nificantly increased with staging of the NSCLC patients,
although ADAM?28 was not detected in the control subjects.
In addition, there was a direct correlation between the levels
in the serum and urine samples. These data suggest the pos-
sibility that measurement of ADAM28 concentrations in the
urine samples is also a useful noninvasive method for diagno-
sis of NSCLC. However, the sensitivity of our ELISA system
was too low to directly measure the concentration in noncon-
centrated urine. In addition, the information about changes
of the urinary concentration within a day and mechanism of
urinary excretion is not available. It may be possible in the
future to measure ADAM28 in urine samples, if we could de-
velop a new ELISA system with higher sensitivity and clarify
the urinary excretion mechanisms.

Previous studies have shown that smoking history, serum
level of CEA, tumor size and lymphatic and venous invasion
are poor prognostic factors for lung adenocarcinomas.*™>° In
the present study, our immunohistochemical data showed that
in the patients with adenocarcinoma of <20 mm in diameter,
the 7-year disease-free survival in the ADAM28 high-express-
ing group is significantly worse than that in the lower-express-
ing groups and the 7-year overall survival tends to worsen in
the group with high expression than in those with lower
expression. Since the serum concentrations of ADAM?28 corre-
lated with the immunoreactivity in the lung adenocarcinomas,
it seems likely that the ELISA data of ADAM28 are a good
prognostic marker for disease-free and overall survival
Although additional validation with a larger set of serum and
paraffin-embedded tissue samples will be necessary, the data
presented here sufficiently demonstrate a potential clinical
application of ADAM28 as a serological and/or histochemical
marker for NSCLC, especially small-sized adenocarcinomas.

In conclusion, we have developed for the first time an
ELISA system for ADAM?28 using monoclonal antibodies and
measured ADAM?28 protein in the carcinoma tissue, serum
and urine samples from NSCLC patients. The ADAM?28 level
in the serum samples was increased with the staging, tumor
size, lymph node metastasis and tumor recurrence, and the
sensitivity, false-negative rate and AUC for ADAM28 were
better than those for CEA assay. The immunoreactivity of
ADAM28 in the small-sized adenocarcinomas correlated with
clinical poor prognosis. Therefore, our data suggest that
ADAM?28 is useful as a diagnostic and monitoring marker
for NSCLC.
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