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(64%) and in five pancreatic cancer cell lines. In contrast,
low levels of HME mRNA expression were present in 13
normal pancreatic tissues samples. By Western blot analy-
sis, high levels of HME were found in pancreatic cancer

Objective
To evaluate the role of human macrophage metalloelastase
(HME) in pancreatic cancer.

Summary Background Data

HME, a member of the human matrix metalloproteinase fam-
ily, possesses elastolytic activity and is critical for the degra-

dation of extracellular matrix proteins. Inasmuch as tumor in-
vasion and metastasis formation require lysis of extracellular

matrix, HME plays a critical role in both processes.

Methods

HME expression was analyzed by Northern blot analysis, re-
verse transcriptase—polymerase chain reaction, Western blot
analysis, and immunohistochemistry in 39 pancreatic cancer
tissues and 13 normal controls. The molecular data were re-
lated to clinicopathologic parameters and patient survival.

Results

In human pancreatic cancer, overexpression of HME
mMRNA was present in 25 of 39 pancreatic cancer tissues

tissues and in the pancreatic cancer cell lines compared
with the normal controls. Fifty-six percent of the cancer
samples exhibited HME immunoreactivity in the cancer
cells, and 63% in the stromal cells. Analysis of the survival
data revealed that patients whose tumors exhibited HME
mMRNA overexpression lived significantly shorter compared
with patients whose tumors did not overexpress HME. No
relationship between HME expression and tumor stage,
tumor grading, or presence of lymph node metastases
was found.

Conclusions

These findings indicate that HME participates in pancreatic
cancer progression and that its presence worsens the prog-
nosis. These data suggest a benefit of its inhibition in the
treatment of pancreatic cancer.

Matrix metalloproteinases (MMPs) make up a family ofHuman macrophage metalloelastase (HME, synonym: ma-
zinc-dependent endoproteinases that degrade extracelluteix metalloproteinase-12) is a member of the MMP family
matrix (ECM), a relatively stable structural material that liesand was initially identified in human alveolar macrophages
under epithelia and surrounds connective tissue cells andad$ cigarette smoker$ HME degrades elastin and a broad
composed of collagen type I-V, elastin, proteoglycans, anselection of matrix and nonmatrix substrates, including
basement membranés’ The balance between MMPs and laminin-1, fibronectin, entactin, collagen type 1V, heparan,
their endogenous inhibitors (tissue inhibitors of MMPand chondroitin sulfate3® Because of its great ability to
[TIMP]) is an important part of complex regulated ECM degrade ECM, it is physiologically synthesized and released
interactions in angiogenesis as well as in tissue remodelingy macrophages to penetrate basement membranes and to
invade normal and diseased tisSu&: Up to this time,
HME mRNA has been detected in normal human tissues
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mas,™® and synovial-like interface tissue between bone and
prostheses.’® However, HME is also expressed in malignant
cells such as skin cancer,’ astrocytomas, glioblastomas,®
and hepatocellular cancer, in which its expression is asso-
ciated with hypovascularization.*®?° This might be caused
by the ability of HME to cleave plasminogen to angiostatin
and other kringle products, leading to the inhibition of
angiogenesis in these tumors.??2 In comparison with other
MMPs, HME is the most efficient angiostatin-producing
MMP.?22% On the other hand, HME production and HME
activity are closely related to the presence of serine protein-
ases. The serine proteinases plasminogen and thrombin can
regulate HME activity through distinct mechanisms. post-
tranglational secretion of preformed HME protein, induction
of protein secretion, and extracellular enzymatic activation
of the HME proenzyme to its active form.>*2®> Tumor ne-
crosis factor-apha (TNF-«) and interleukin-1 (IL-1) are
activated similar to HME through the protein kinase C
pathway, and there is increasing evidence that TNF-« is
partly activated through several MMPs.2®

Using DNA chip technology (Affymetrix, Santa Clara,
CA), we simultaneously analyzed more than 5,600 human
genes in pancreatic cancer, chronic pancreatitis, and the
normal pancreas (unpublished data). HME was identified as
a gene that is strongly upregulated in many human pancre-
atic cancers but not in chronic pancreatitis and in the normal
pancreas. Therefore, to further investigate HME expression
and itsinfluence on the prognosis of patients with pancreatic
cancer, Northern blot analysis, reverse transcription—poly-
merase chain reaction (RT-PCR) analysis, Western blot
analysis, and immunohistochemistry were applied and the
molecular data were related to clinical data

METHODS

Patients and Tissue Collection

Normal human pancreatic tissue samples were obtained
through an organ donor program from 13 persons (4
women, 9 men) individuals who were free of any pancreatic
disease. The median age of the organ donors was 45 years
(range 33-63). Pancreatic cancer tissue samples were ob-
tained from 39 patients (19 women, 20 men) undergoing
pancreatic resection. In al patients with cancer, the resec-
tion margins were tumor-free. The median age of the pa-
tients with pancreatic cancer was 67 years (range 49—79).
According to the international classification of the UICC,
there were 8 stage |, 7 stage I1, 23 stage 11, and 1 stage IV
tumors. Tumor grading was well differentiated in 7 cases,
moderately differentiated in 25 cases, and undifferentiated
in 7 cases. As a second control group, chronic pancresatitis
tissue samples were obtained from 16 patients (4 women, 12
men) undergoing a pancreatic head resection. The median
age of the patients with chronic pancreatitis was 46 years
(range 33-57).

Freshly removed tissue samples were cut in the operating
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room on surgical removal and randomly divided for histo-
logic analysis (immediately fixed in paraformaldehyde so-
[ution for 12—24 hours and paraffin-embedded for immuno-
histochemistry) or were snap-frozen in liquid nitrogen and
maintained at —80°C until use for RNA and protein extrac-
tion. Studies were approved by the Human Subjects Com-
mittee of the University of Bern.

Cell Culture Experiments

Human pancresatic cancer cells were routinely grown in
DMEM (PANC-1, MIA-PaCa2) or RPMI (T3M4,
ASPC-1, and CAPAN-1) supplemented with 10% heat-
inactivated fetal calf serum (FCS), 100 U/mL penicillin, and
100 pg/mL streptomycin. Cells were maintained at 37°C in
a humid chamber with 5% CO, and 95% air atmosphere.

Probe Synthesis for Northern Blot
Analysis

For Northern blot analysis, a 346-bp fragment of human
HME cDNA was amplified by RT-PCR using the following
HME primers: forward, 5-TGGCCATTCAGGTCTTG-3;
reverse, 5-AAGCAGCTTCAATGCCAGAT-3. The puri-
fied PCR products were cloned into the pPGEM-T vector
(Promega Biotechnology, Madison, WI) according to the
manufacturer’ s instructions. The identity of the cDNA frag-
ment was confirmed by sequence analysis using the dye
terminator method (ABI 373A; Perkin Elmer, Rotkreuz,
Switzerland). A 190-bp fragment of mouse 7S that cross-
hybridizes with human 7S was used to verify equivalent
RNA loading and transfer in Northern blot analysis.>’ The
probes were radiolabeled with [a-*?P][dCTP (NEN Life
Science Products AG, Geneva, Switzerland) using arandom
primer labeling system (Amersham Pharmacia Biotech, Lit-
tle Chalfont, Buckinghamshire, UK).

Northern Blot Analysis

Total RNA was isolated from all pancreatic tissue sam-
ples and the five pancreatic cancer cell lines (ASPC-1,
CAPAN-1, MIAPaCa2, PANC-1, and T3M4) by the gua-
nidinium  isothiocyanate-phenol-chloroform  extraction
method.”® The procedures used have been described in
detail previously.?® Briefly, after electrophoresis of total
RNA in 1.2% agarose/1.8 mol/L formaldehyde gels, the
RNA was electrotransferred onto nylon membranes and
cross-linked by UV irradiation. The filters were prehybrid-
ized for 5 hours at 42°C and hybridized for 20 hours at 42°C
in the presence of the radiolabeled cDNA probe for HME
(10° cpm/mL). Afterwards, blots were rinsed twice with 2x
SSC at 50°C, and washed twice with 0.2X SSC/2% SDS at
55°C for 10 minutes. >3 All blots were exposed at —80°C
to Kodak XAR-5 films with Kodak intensifying screens,
and the intensity of the radiographic bands was quantified
by video image analysis using the Image-Pro plus software
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(Media Cybernetics, Silver Spring, MD). To verify equiv-
alent RNA loading on Northern blot membranes, filters
were rehybridized with the 7S cDNA probe, as reported
before.?

RT-PCR of HME in Pancreatic Cancer
Cell Lines

Because HME expression could not be detected by
Northern blot analysis in the pancreatic cancer cell lines,
RT-PCR analysis was applied.

All cell line RNA samples were normalized to total RNA
along with controls for nonspecific DNA contamination
(absence of RNA template). First strand cDNA synthesis
was performed in a 20 uL reaction volume using 1 ug total
RNA. Samples were incubated at 42°C for 60 minutes and
the reaction was terminated by heating the samples to 99°C
for 5 minutes. RT products served as the template for PCR
amplification using hot start PCR. Reactions included a
5-minute incubation at 94°C for denaturation and 40 PCR
cycles (1 minute at 94°C, 1 minute at 61°C, and 1 minute at
72°C). Afterwards the samples were incubated for 8 min-
utes at 72°C for final extension. Five-microliter aliquots of
each sample were resolved by electrophoresis on 1.2%
agarose gels in the presence of 5 ng/mL ethidium bromide,
and the DNA fragments were visualized under UV light to
detect the PCR amplification products at the anticipated size
(346 bp). Loading control was done with glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

Western Blot Analysis

Approximately 200 mg of frozen normal and pancreatic
cancer tissues was powdered and thawed in an ice-cold
suspension buffer (10 mmol/L Tris-HCI, pH 7.6, 100
mmol/L NaCl) containing a proteinase inhibitor cocktail
(Roche Diagnostics, Rotkreuz, Switzerland). Cultured pan-
creatic cancer cells (1 X 10° were washed in ice-cold
phosphate-buffered saline and collected and resuspended in
1 mL ice-cold suspension buffer, which was also used for
protein extraction of the human tissue samples. Tissues and
cells were homogenized for 5 minutes, then centrifuged
(14,000 rpm, 20 minutes at 4°C). The supernatants were
collected and the protein concentration was measured with
the micro BCA protein assay (Pierce Chemical Co., Rock-
ford, IL). In addition, after 48 hours of incubation with the
five pancreatic cancer cell lines, serum-free medium was
sucked out and used for Western blot analysis.

Forty micrograms of protein from each sample was di-
luted in sample buffer (250 mmol/L Tris-HCI, 4% SDS,
10% glycerol, 0.006% bromphenol blue, and 2% B-mercap-
toethanol), boiled for 5 minutes, cooled onice for 5 minutes,
and size-fractionated on 12% SDS-polyacrylamide gels.
Gels were transferred onto nitrocellulose membranes, and
the membranes were incubated in blocking solution
(5% nonfat milk in 20 mmol/L Tris-HCI, 150 mmol/L NaCl,
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0.1% Tween-20 [TBS-T]), followed by incubation with
monoclonal mouse antihuman HME C-terminal domain an-
tibody (R&D Systems, Inc., Minneapolis, MN; 1:500 dilu-
tion), or human polyclonal rabbit anti-HME, N-terminus
antibody (Chemicon International, Inc., Temecula, CA;
1:1,000 dilution) in blocking solution for 12 hours at 4°C.
The membranes were washed with TBS-T and incubated
with a sheep antimouse g horseradish peroxidase linked
secondary antibody (Amersham Pharmacia Biotech;
1:5,000 dilution), or a donkey antirabbit Ig horseradish
peroxidase linked secondary antibody (Amersham Pharma-
cia Biotech; 1:3,000 dilution). Antibody detection was per-
formed with the enhanced chemoluminescence (ECL)
Western blot detection system (Amersham Pharmacia Bio-
tech). Signalswere quantified by video image analysis using
the Image-Pro plus software.

Immunohistochemistry

Immunohistochemical analysis was performed with the
streptavidin akaline phosphatase technique. Briefly, con-
secutive 3- to 5-um paraffin-embedded tissue sections were
dewaxed and rehydrated. Antigen retrieval was achieved by
boiling the sections in citrate buffer in an 850-watt micro-
wave oven for 8 minutes, followed by two similar treat-
ments for 5 minutes each. Afterwards, the sections were
washed in Tris-buffered saline and incubated at room tem-
perature for 30 minutes with 10% normal goat serum before
20 hours of incubation at 4°C with the primary polyclonal
rabbit antihuman HME antibody (Chemicon International;
dilution 1:150) diluted in 10% normal goat serum. After
incubation with the secondary biotinylated goat antirabbit
antibody (Kirkegaard & Perry Laboratories Inc., Gaithers-
burg, MD), the sections were incubated with a streptavidin-
biotin/alkaline phosphatase complex (Kirkegaard & Perry
Laboratories Inc.). The color reaction was developed with
new fuchsin-naphthol AS-BI (Sigma Chemical Co., St
Louis, MO) followed by counterstaining with hematoxy-
lin.®? To ensure specificity of the primary antibody, consec-
utive tissue sections were incubated in the absence of the
primary antibody with normal goat serum. In these cases no
immunostaining was detected.

Statistical Analysis

Data are expressed as median and range. The clinical and
histopathologic characteristics of the HME-positive and
HME-negative patient groups were compared with univar-
iate analysis using the Mann-Whitney test. Survival curves
were plotted according to the Kaplan-Meier method; the
statistical differences were analyzed using the log-rank test.
To determine independent prognostic values with respect to
overall survival, the grouping of the patients according to
HME mRNA expression level, patient age, gender, tumor
size, presence of lymph node metastases, tumor grading,
and tumor stage were included in the Cox proportional
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Figure 1. Northern blot analysis of
human macrophage metalloelas-
tase (HME) mRNA in normal pan-
creas, chronic pancreatitis (CP),
and pancreatic cancer. 7S hybrid-

ization was used to verify equivalent
RNA loading and transfer.

cancer
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regression analysis. Further, Spearman correlation analysis
was performed. P < .05 was defined as significant. All the
statistical analyses were performed using the SPSS 8.0
software (SPSS Inc., Chicago, IL).

RESULTS

Detection of HME mRNA Expression in
Normal Pancreas, Chronic Pancreatitis,
and Pancreatic Cancer

Thirteen normal, 16 chronic pancreatitis, and 39 pancre-
atic cancer samples were investigated by Northern blot
analysis to detect HME mRNA expression. The transcript
size of HME mRNA in pancreatic tissue samples was ap-
proximately 1.8 kb and is in accordance with previous
reports, and no aberrant MRNA moieties were found.* In the
normal pancreas only very low levels of HME mRNA were
detectable; in chronic pancreatitis, HME mRNA expression
levels higher than those of the normal pancreas were de-
tected in 3 of 16 (19%) tissue samples. In contrast, in the
pancreatic cancer samples, HME mRNA levels were mark-
edly increased in 25 of 39 samples (64%) (Fig. 1). Quanti-
fication of the mRNA signals revealed that HME mRNA
levels were 41-fold increased in pancreatic cancer tissues
when all cancer samples were compared with the normal
samples. When only cancer samples with increased expres-
sion were evaluated, the increase in comparison to normal
controls was 50-fold.

HME mRNA Expression in Pancreatic
Cancer Cell Lines

In the five human pancreatic cancer cell lines T3M4,
ASPC-1, CAPAN-1, PANC-1, and MIA-PaCa-2, no HME
MRNA expression signals could be detected by standard
Northern blot analysis. However, by RT-PCR analysis,
HME mRNA expression was detectable in al five pancre-
atic cell lines at moderate levels (Fig. 2).

Immunohistochemistry

HME immunoreactivity was absent in the normal pan-
creas (Fig. 3), and in chronic pancreatitis samples only the
three samples that exhibited enhanced HME mRNA expres-
sion on Northern blot analysis showed HME immunoreac-
tivity. In these chronic pancreatitis samples HME immuno-
reactivity was present in macrophages, most ductal cells,
some acinar cells, and some nerves. In contrast, in chronic
pancreatitis samples that had not exhibited enhanced HME
MRNA expression, HME immunoreactivity was absent.

In pancreatic cancer samples HM E immunoreactivity was
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' iy

— e I F o

HME insert
346 bp
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Figure 2. Human macrophage metalloelastase reverse transcriptase—
polymerase chain reaction analysis in cultured pancreatic cancer cell
lines. GAPDH was used to verify equivalent loading.
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Figure 3. Human macrophage
metalloelastase (HME) immunohisto-
chemistry in the normal pancreas (A),
in chronic pancreatitis (B), and in pan-
creatic cancer sections (C—K). In the
normal pancreas, only occasionally
faint  HME immunoreactivity was
present, whereas in the chronic pan-
creatitis samples with enhanced
HME mRNA expression levels,
strong immunoreactivity was found
by Northern blot analysis in remaining
acinar and ductal cells and in macro-
phages. In pancreatic cancer, cyto-
plasmic HME immunoreactivity was
present in the cancer cels (C, D);
however, there were also cancer
samples in which the tumor cells
were HME negative (F). Some cancer
samples exhibited strong stromal
HME immunoreactivity around the
cancer cell ducts (E), nerves (G), and
vessels (J). Some enlarged pancre-
atic nerves and blood vessels (H) also
exhibited HME immunoreactivity. (A,
B, C, F, original magnification X50;
G, J, original magnification X100;
E, original magnification X150; D, H,
K, original magnification X200)

predominantly present at moderate intensity in the cancer
cellsand in afocal pattern in stromal cells surrounding the
cancer cells. Some cancer cells with ductal formation ex-
hibited no HME immunoreactivity. In the pancreatic cancer
tissues some HME immunoreactivity was also present in
enlarged pancreatic nerves, arterial walls, and in a circular
pattern in stromal tissue adjacent to arteries and nerves. Of
32 pancreatic cancer tissues, 18 (56%) exhibited HME
immunoreactivity in the cancer cells and 20 (63%) in the
stromal cells. In eight samples (25%), HME immunoreac-
tivity was simultaneously present in cancer cells and in
surrounding stromal cells. HME immunostaining was com-
parable in primary tumor samples of stage I/l cancers (no
metastases present) and stage I11/1V cancers (lymph node or
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distal metastases present). In addition, when HME immu-
nostaining was simultaneously analyzed in primary tumor
samples and in corresponding lymph node metastases, no
difference in HME immunoreactivity was observed.

Western Blot Analysis of HME in Normal
Pancreas and Pancreatic Cancer

Western blot analysis of HME was performed in normal
human pancreas and pancreatic cancer samples to quantify
differences in protein levels. Incubation with the monoclo-
nal and polyclonal antibodies revealed a strong 54-kd HME
protein band in al cancer tissue samples, whereas in the
normal controls only a weak band was present (Fig. 4).
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Figure 4. (A) Western blot analysis of human macrophage metalloela-
stase (HME) in normal pancreas and in pancreatic cancer. (B) Western
blot analysis of HME in pancreatic cancer cell lines. A 54-kd HME
protein band was detectable in the pancreatic tissues and in the cancer
cell lines.

Quantification of the protein signals by video image analy-
sis reveded that the HME protein levels were 4.7-fold
increased in pancreatic cancer samples compared with the
normal controls.

HME Protein in Pancreatic Cancer Cell
Lines

Western blot analysis was also performed in the five
pancreatic cancer cell lines. The 54-kd HME form was
present in all cell lines, with highest levelsin PANC-1 and
MiaPaCa-2 and similar lower levels in T3M4, CAPAN-1,
and ASPC-1 célls. Further, HME was present in the super-
natant of serum-free medium T3M4, CAPAN-1, PANC-1,
and MIAPaCa-2 cells, but not in the supernatant of ASPC-1
cells.

Relationship of HME mRNA Expression
to Clinical and Histopathologic Data

Three patients were excluded from the survival analysis
because they died early after surgery (two died of postop-
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Figure 5. Overall survival of 36 patients with pancreatic adenocarci-
noma who underwent tumor resection (by the log-rank test). Patients
whose tumors expressed human macrophage metalloelastase (HME)
mRNA showed a poorer survival compared with patients whose tumors
were HME mRNA-negative.

erative complications and one died of apoplexy). The cancer
samples were grouped according to their HME mRNA
expression levels. Samples that exhibited enhanced HME
expression in comparison with the normal controls were
summarized as positive samples, and samples without en-
hanced HME expression were summarized as negative sam-
ples. There was no significant difference between the two
HME groups when patient age (P = .4), gender (P = .25),
tumor size (P = .2), presence of lymph node metastasis
(P = .69), tumor stage (P = .99), and tumor grading (P =
.22) were compared by univariate analysis.

The median duration of follow-up of the patients was
12.5 months. In the HME mRNA-positive group (n = 22),
the median survival was 11.5 months (lower quartile 8.0
months, upper quartile 16.5 months). In the HME mRNA-
negative group (n = 14), the median survival was 22
months (lower quartile 9.0 months, upper quartile 43.2
months). Four patients in the HME-negative group are still
alive 43, 44, 56, and 67 months after tumor resection.
Kaplan-Meier analysis and log-rank analysis of the postop-
erative survival curves of patients whose tumors were HME
positive or negative revealed a significantly poorer survival
for patients with HME-positive tumors (P < .01) (Fig. 5).
Cox proportional regression analysis revealed that the HME
status, tumor grading, and age are independent prognostic
values (Table 1).

Spearman correlation analysis revealed no relationship
between the HME status and age, gender, the tumor size,
presence of lymph node metastases, tumor stage, or tumor
grading.

DISCUSSION

This study analyzed for the first time HME mRNA ex-
pression in a comparative manner in the normal pancress,
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Table 1. COX REGRESSION ANALYSIS

OF OVERALL SURVIVAL

Variable P Value
Age .035
Gender .60
Lymph node metastasis A7
Tumor size (T1-2 vs. T3-4) .87
Tumor stage (UICC I-IV) .28
HME (positive vs. negative) .01
Tumor grading .046

chronic pancreatitis, and pancreatic cancer. The rationale
for studying HME in human pancreatic cancer was its
identification as a markedly upregulated gene by DNA chip
technology screening, atechnology by which the expression
of more than 5,600 human genes could be analyzed simul-
taneously (unpublished data). In our study, HME mRNA
expression was low in the normal pancreas. In contrast,
HME mRNA expression was enhanced in 64% of the pan-
creatic cancers, and overexpression was associated with
poorer survival. HME expression analysis has also been
conducted previously in other malignancies. In contrast to
our findings, in hepatocellular carcinomas a better prognosis
was reported for HM E-expressing tumors.*%° Patients with
hepatocellular carcinomas whose tumors overexpressed
HME mRNA had less frequent portal vein invasion and less
frequent intrahepatic metastasis than those without HME
expression. These histopathologic associations were in ac-
cordance with the survival analysis, in which patients with
hepatocellular carcinoma whose tumors did not express
HME mRNA had poorer survival rates than those whose
tumors expressed HME mRNA. Based on these data it was
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speculated that HME might be associated with angiostatin
generation, which indirectly might possess inhibitory ef-
fects on tumor growth.*2° Inasmuch as angiostatin can be
generated in vitro from its precursor plasminogen by several
other MMPs and enzymes, factors other than HME might
possess a stronger influence on the growth behavior of
hepatocellular cancer cells.?>3*3¢ However, the impact of
HME on cancer prognosis seems to vary, and at present
HME seems to be a positive prognostic factor only in
hepatocellular carcinomas; in other nongastrointestinal ma-
lignancies, such as sgquamous cell carcinomas, basal cell
carcinomas, and brain tumors, HME is associated with a
more aggressive disease status and worse tumor differenti-
ation.*”*® Further, anaplastic astrocytomas and grade 4 glio-
blastomas expressed significantly higher HME levels than
grade 1 meningiomas,*® indicating that HME mRNA ex-
pression is associated with advanced tumor stages in brain
tumors (Table 2).

Western blot analysis in the pancreatic tissue samples and
the cancer cell lines visualized a 54-kd HME protein band.
The detected protein is most likely a precursor of active
HME because in macrophages different active forms weigh-
ing between 22 and 29 kd have previously been de-
scribed.*12%> However, it is surprising that one of these
active HME forms could not be detected in the pancreatic
cancer tissues. HME is activated from its precursor by
autoactivation™*? and by serine proteinases,?® which are
present in high levels in pancreatic tumors.®” This observa-
tion cannot readily be explained: in other tumors, such as
colon cancer and hepatocellular carcinoma, active HME is
clearly detectable (unpublished own data). We detected
active HME in colon cancer tissue samples by Western blot
analysis in a 22-kd form and in hepatocellular carcinoma
tissue samples in a 29-kd form, but in the same blots there

Table 22 HUMAN MACROPHAGE METALLOELASTASE (HME) EXPRESSION IN HUMAN

CANCER
Number
Type of Cancer of Cancer
(Reference) Patients Methods Correlation Comments
Squamous cell carcinoma'” 17 — In situ hybridization — Tumor grading HME expressed in less differentiated and
advanced stages of tumors
— Immunohistochemistry — Tumor staging
Basal cell carcinoma'” 19 — In situ hybridization — Tumor grading HME expressed in less differentiated and
advanced stages of tumors
— Immunohistochemistry — Tumor staging
Hepatocellular carcinoma® 40 — Northern blot analysis ~ — Angiostatin production  Poorer survival in HME-negative patients
— In situ hybridization — Survival
Brain tumors™® 60 — Northern blot analysis ~ — Tumor grading HME expressed in less differentiated and
advanced tumor stages
— Western blot analysis — Tumor staging
Pancreatic cancer (present 39 — Northern blot analysis ~ — Tumor grading HME mRNA positivity correlates with
study) poorer survival

— Immunohistochemistry

— Tumor staging
— Survival
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was no active form for pancreatic cancer samples, but rather
only an intermediate form at approximately 36 kd. Immu-
nohistochemical analysis localized HME in pancreatic can-
cer cells in 56% of the tumor samples, and in 63% of the
tumors HM E immunoreactivity was present in stromal cells.
Inasmuch as HME immunostaining signals were mainly
localized in cytoplasm, it is likely that inactive HME is
released from the cancer cellsin theinterstitial space, where
it becomes activated by serine proteinases and other en-
zymes.®’ This hypothesisis supported by the experimentsin
the pancreatic cancer cell lines, in which HME could be
detected intracellularly but also was released in the tissue
culture medium.

Previously several other MMPs have been analyzed in
pancreatic carcinomas, and in addition to HME, enhanced
MMP-1 mRNA levels, obtained by in situ hybridization,
were also associated with poorer survival.*83° However, in
contrast to HME, the expression levels of MMP-1 seem to
be quite low because detection by Northern blot analysis
was not possible, suggesting that they may not be of pre-
dominant biologic relevance.*®3° Similar to MMP-1, which
was not associated with tumor metastasis,>*® HME expres-
sion in primary pancreatic cancer tissues was not different
in metastatic and nonmetastatic primary tumors. Further, no
difference in HME expression was found in cancer cells of
the primary tumor and metastatic cancer cells of the same
tumors, suggesting that HME seems not to have an impor-
tant function in the development of metastases in pancreatic
cancer, as had been reported before for other genes.*®*
MMP-2, -7, -9, and -11 are also upregulated in pancreatic
cancer, and their expression influences the extent of the
desmoplastic reaction, tumor invasiveness, and metastatic
potential.*>~*° Inhibition of MMP-2 and -9 positively influ-
ences the prognosis in a murine model of human pancreatic
cancer.®® A number of MMP inhibitors have been devel-
oped, and some are being tested in clinical studiesin pan-
creatic cancer therapy.>* First results of clinical and exper-
imental studies suggest that the inhibition of MMP activity
is more beneficial for patients with early pancreatic cancer
than in advanced disease.®*>* In recent years more selective
inhibitors of MM Ps associated with tumor progression were
developed to avoid the side effects caused by the distur-
bances in the balance of MMP-TIM P—extracellular matrix
interactions.>* Our findings of marked HME overexpression
in many pancreatic tumors and their correlation with poorer
survival suggest that inhibition of HME activity might pro-
vide a therapeutic benefit. However, the effects of HME
inhibition have to be evaluated in clinical trials.
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