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Genes of Laminin Bi Chain, al (IV) Chain of
Type IV Collagen, and 72-kd Type IV
Collagenase Are Mainly Expressed by the
Stromal Cells of Lung Carcinomas
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In this study, we analyzed the expression ofmes-
senger (m)RNAs for laminin B) chain; cd (IV)
chain of type IV collagen, and 72-kd type IV col-
lagenase in 15 primary lung carcinomas and in
two metastatic adenocarcinomas to the lung. The
results show that the mRNA synthesis for these
proteins mainly occurs in the stromalfibroblasts
and endothelial ceUs. In a proportion oftumors,
mRNAs for laminin B) chain and 72-kd type IV
collagenase could also be observed in carcinoma
ceUs, but the amount ofmRNAs was considerably
lower in them than in the stromal ceUs. There were
no convincing signals for the presence of the al
(IV) chain oftype IVcoUagen mRNA in any ofthe
carcinoma ceUs. A simultaneous expression or
lack ofexpression ofsignalsfor laminin Bi chain
and 72-kd type IV collagenase mRNAs could be
observed in carcinoma ceUs of 12 cases, suggest-
ing that the activation ofthese two genes may be
somehow connected. There was no association be-
tween the mRNA expression and the differentia-
tion degree or the size ofthe tumors. The occur-
rence ofthe mRNA synthesisfor the 72-kd type IV
collagenase in stromal fibroblasts and endothe-
lial ceUs indicates that the stromal cells oftumors
have a morepronounced impact on the spread of
the neoplastic disease than previously thought.
The results further show that in their ability to
synthesize these proteins the stromal ceUs of tu-
mors resemble those ofdeveloping embryonic tis-
sues. This resemblance is probably connected
with the constant remodeling ofextracellular ma-
trix in response to the proliferative activity of
carcinoma ceUs. (Am J Pathol 1993, 142:1622-
1630)

Basement membranes (BMs) are found in epithelio-
mesenchymal interphases where they separate these
two types of tissue from each other.1 They are com-
posed of several proteins, including type IV collagen,
laminin, entactin (nidogen), and proteoglycans.2 In
malignant growth, the BMs are more or less disrupted,
making it possible for the neoplastic cells to invade
the surrounding tissues.3'4 The disruption of the BMs
has been found, at least partly, to be due to various
proteases and collagenases that digest the BM
structures.3 8

Type IV collagen, which is the major structural com-
ponent of BMs, is known to be resistant to the action
of interstitial collagenases of types 1, 11, and 111.9,10
There are two related metalloproteinases, 72-kd and
92-kd type IV collagenases, which cleave native type
IV collagen molecules at a single site in the helical
region at about 25% of the distance from the amino-
terminal end.11-15 Activity of both of these enzymes
has been shown to be increased in malignant trans-
formation.4,1216

So far there is only little knowledge about the cells
which produce laminin, type IV collagen, and BM-
degrading type IV collagenases. In our previous
study, we have shown that the fibroblastic stromal
cells of early human placenta are more important
for laminin, type IV collagen, and 72-kd type IV
collagenase production than has previously been
though.17 18 As to the 72-kd type IV collagenase, it
has been shown mainly by in vitro studies that some
tumor cells such as melanoma cells, as well as human
mononuclear phagocytes and proliferating fibro-
blasts, secrete the enzyme.19-21 Type IV collagena-
ses with identical or closely related molecular weights
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to 72-kd and 92-kd have also been extracted from the
plasma membranes of some carcinoma cells includ-
ing small cell carcinoma of lung.22
The knowledge of type IV collagenases until now is

mainly based on biochemical and immunohistochem-
ical investigations. In this study, we investigated the
expressions of the genes for the B1 chain of laminin,
the al (IV) chain of type IV collagen, and the 72-kd
type IV collagenase in 17 malignant lung tumors of
various histological types using in situ hybridization
and immunohistochemical methods, with special em-
phasis on the interrelated expressions of these genes
by stromal fibroblasts, endothelial cells, and malig-
nant tumor cells.

Materials and Methods

Seventeen lung carcinomas were collected from the
files of the Department of Pathology, Oulu University
Central Hospital, between the years 1982 and 1991.
Some (nine cases) of the tumor material was ob-
tained fresh from the operation, some (eight cases)
was retrospectively collected from the files of the
Department of Pathology.

Representative samples of the fresh tumor tissue
(also containing the tumor margin) were fixed in 4%
paraformaldehyde overnight and washed several
times in 10% sucrose at 4 C, after which the tissue
was stored in liquid nitrogen. A part of the fresh ma-

terial was directly frozen and stored in liquid nitro-
gen. The rest of the tissues was fixed in 10% neutral
formalin and embedded in paraffin for conventional
light microscopy. The retrospectively collected ma-

terial had been fixed in 10% formalin and embed-
ded in paraffin.

The diagnosis of all the tumors was based on

light microscopy with hematoxylin-eosin and
periodic-acid-Schiff stainings, and in selected
cases the silver nitrate method of Grimelius accord-
ing to the criteria of the World Health Organiza-
tion.23 The material consisted of nine squamous cell
carcinomas, three adenocarcinomas, three small
cell lung carcinomas, and two metastatic adenocar-
cinomas to the lung (one uterine endometrial carci-
noma and one breast carcinoma). The clinical data
and the histological diagnoses with the degree of
differentiation (i.e., the grade of the tumors) are all
presented in Table 1.

RNA Probes and in Situ Hybridization

A detailed description of the preparation of paraffin
and cryostat sections for the in situ hybridization
has been previously described. 17 A 906-bp Pstl
fragment from HL 2 coding for the Bll domain of the
laminin Bi chain gene,24 a 916-bp BamHI-Hind ll

fragment from the HT 21 coding for the NC1 domain
and part of the 3' untranslated region of the al (IV)
collagen gene,25 and a 635-bp Scal-Sac fragment
of the K-191 human 72-kd type IV collagenase com-

plementary DNA clone26 were cloned into the M13
polylinker site of pSP64 and pSP65 vectors (Pro-
mega, Madison, WI). For transcription, a riboprobe
transcription kit (Promega) was used, and the tran-
scripts were labeled with either [35S]rCTP or [35S]_
rUTP, yielding specific activities of 3 x 106 cpm/40

Table 1. Clinical Data

Case No. Age (yr) Sex Tumor size (cm) Tumor type Location

1 69 M 3.5 S,l L,l
2 64 F 4.5 S,l L,U
3 64 M 2.5 S,l R,U
4 59 M 4 S,ll L,U
5 55 M 2 S,ll L,l
6 66 M 3 S,ll L,l
7 68 M 3 S,ll R,U
8 73 M 9 S,1li L,l
9 57 M 6 S,1li R,I
10 61 M 4 A,ll R,U
11 55 M 4.5 A,ll1 R,U
12 65 M 2 A,ll R,U
13 70 F 4 A* R,l
14 59 M 1.5 At L,U
15 58 F 3.2 SM R,I
16 68 M 4 SM R,l
17 64 F ? SM L,?

A = adenocarcinoma; S = squamous cell carcinoma; SM = small cell carcinoma, = grade l; 11 = grade 11; III = grade 111; R = right; L = left;
C = central; U = upper; = inferior; ? = data not available.

Metastatic adenocarcinoma from the endometrium.
t Metastatic adenocarcinoma from the breast.
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pi. All the solutions used with the RNA probes were
treated with 0.1% diethylpyrocarbonate (Fluka,
Buch, Switzerland).

In situ hybridization with anti-sense and sense
RNA probes has been described previously by
Autio-Harmainen et al.17 The prehybridization steps
included incubation in 0.2 mol/L HCI (20 minutes,
room temperature [RT]) followed by a 5-minute
wash in diethylpyrocarbonate-H2O and proteinase
K treatment (0.1 mg to 1 mg/ml, 15 to 30 minutes,
37 C). After the glycine treatment and washings, the
proteolysis was stopped by immersing the sections
in 4% paraformaldehyde in phosphate-buffered sa-
line for 20 minutes. The sections were acetylated in
0.25% to 0.5% acetic anhydride in 0.1 mol/L trietha-
nolamine for 10 minutes, washed, and after dehy-
dration they were allowed to air-dry for 1 to 2 hours
at RT before placing the hybridization mixture on
them. The sections were first incubated overnight in
the hybridization mixture that did not contain the ra-
dioactive probe, after which the radioactive hybrid-
ization mixture was placed on the sections. The
mixture contained the radioactive RNA probe, 10
mmol/L dithiotreitol, 10 mmol/L Tris-HCI, 10 mmol/L
NaPO4, 5 mmol/L ethylenediaminetetraacetic acid,
0.3 mol/L NaCI, yeast transfer tRNA (1 mg/ml),
deionized formamide 50% of the volume and dex-
tran sulphate 10% of the volume, 0.02% (w/v) Ficoll,
0.02% (w/v) polyvinylpyrrolidone, and bovine serum
albumin (0.2 mg/ml). Of the hybridization mixture,
40 pl (approximately 7 x 105 cpm/10 pi hybridi-
zation buffer) was placed on each section, after
which the sections were covered with diethyl-
pyrocarbonate-H20-washed coverslips. The hybrid-
ization took place at 50 C overnight. After hybridiza-
tion, the coverslips were removed in a washing
buffer containing all the other constituents of hybrid-
ization mixture except for dextran sulphate and
transfer RNA. This took place at 60 C for 2 x 30
minutes. Slides were then washed in fresh buffer at
50 C for 1 to 4 hours, rinsed in 0.5 mol/L NaCI in 10
mmol/L Tris-HCI, 1 mmol/L ethylenediaminetet-
raacetic acid (TE) at 37 C for 15 minutes, and they
were then incubated in 0.5 mol/L NaCI in TE con-
taining 40 pg/ml RNAse A (Sigma Chemical Co., St.
Louis, MO) at 37 C for 30 minutes. Washings pro-
ceeded followingly: 0.5 mol/L NaCI in TE (37 C, 15
minutes), 2x standard saline citrate (45 C, 2 x 15
minutes), 1 x standard saline citrate (45 C, 2 x 15
minutes). After washings, the sections were dehy-
drated in graded series of ethanol containing 300
mmol/L ammonium acetate and air-dried at RT for 1
to 2 hours.

Autoradiography was performed by dipping the
slides into Kodak NTB-3 nuclear track emulsion di-
luted 1:1 with 1% glycerol in H20. After exposing for
7 to 15 days, the slides were deve'oped in Kodak
D19 developer at RT for 5 minutes, -insed in acetic
acid, and fixed for 5 minutes at RT. The sections
were counterstained with hematoxyl.n and eosin.

Immunohistochemistry

Antibodies against the 7S domain of type IV col-
lagen and the P1 fragment of laminin were kind gifts
from Drs. Leila Risteli, and Juha Risteli, Collagen
Research Unit, Department of Medical Biochemis-
try, University of Oulu, Finland. The 7S domain of
type IV collagen was purified from human kidney27
and the fragment P1 of laminin from human pla-
centa.28 Antisera were raised in rabbits, and spe-
cific antibodies were prepared by immunoadsorp-
tion on the relevant antigen, coupled to Sepharose
4B, after cross-adsorption with other immobilized
extracellular matrix proteins.

The avidin-biotin complex method29 was used on
sections cut from formalin-fixed, paraffin-embedded
specimens. The sections were treated with 0.4%
pepsin (Merck, Darmstadt, Germany) in 0.01 mol/L
HCI to enhance the availability of an'igenic determi-
nants.30 Before antigen-antibody reaction, the en-
dogenous peroxidase was inactivated with 0.1% hy-
drogen peroxide in methanol. For control stainings,
phosphate-buffered saline and normal rabbit serum
were used instead of the primary antibody.

The monoclonal antibody against the human type
IV collagenase (72 kd) was purchased from Molec-
ular Oncology Inc. (Gaithersburg, Maryland, Cat
#4001), and its preparation has been described
previously. 18 For immunohistochemical stainings,
4-p, paraffin-embedded sections were stained us-
ing avidin and biotinylated horseradish peroxidase
complex (Dakopatts, Copenhagen, Denmark). Be-
fore antigen-antibody reaction, the endogenous per-
oxidase was inactivated with 0.1% hydrogen perox-
ide in methanol. The primary antibody was used
with a dilution of 1:25. For control stainings,
phosphate-buffered saline and normal rabbit serum
were used instead of the primary antibody.

Analysis of the Results of the in Situ
Hybridization

Signals for laminin B1 chain, al (IV) chain of type IV
collagen, and 72-kd type IV collagenase mRNA
were analyzed separately in carcinoma cells, stro-
mal fibroblasts, and endothelial cells by reviewing
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the slides in general and counting grains of 50 cells
of each cell type randomly in every tumor. The num-
ber of grains with the sense probes were sub-
tracted from those of the corresponding anti-sense
probes. The number of grains in each cell with the
sense probes were in the range of 10.3 to 12.2. The
proportion of positive cells in tumor tissue was
quantitated as follows: -:none of the cells positive
(0%), + = occasional cells positive (<5%), ++ =
moderate amount of cells positive (5 to 50%),
*+++ = most of the cells positive (50 to 90%),
*++++ = nearly all or all cells positive (>90%).
Number of grains was also evaluated in lung mac-
rophages, alveolar epithelial cells, bronchial epithe-
lial cells, and lymphocytes. Bright-field images were
used to analyze the morphological details, whereas
the intensity of signals was better visualized in the
dark field images.

Results

The results on the expression of laminin Bi chain,
a1 (IV) chain of type IV collagen, and 72-kd type IV
collagenase mRNA in carcinoma cells, stromal fi-
broblasts, and endothelial cells in the lung carcino-
mas are shown in Tables 2 and 3.

Laminin B 1 Chain, a 1 (IV) Chain of Type
IV Collagen and 72-kd Type IV
Collagenase mRNA in Carcinoma Cells

Eight tumors had no detectable laminin Bi chain
mRNA in carcinoma cells. In nine tumors, such sig-
nals could be found. Four of these (three squamous
cell carcinomas and the metastatic endometrial ad-
enocarcinoma) contained a moderate number of
carcinoma cells giving positive signals for the
laminin B1 chain mRNA, whereas in the rest of the
tumors (three squamous cell carcinomas, one ade-
nocarcinoma, and the metastatic breast adenocar-
cinoma) only occasionally could such carcinoma
cells be found. There were no carcinoma cells that

Table 2. Average* Number of Grains per Cell with
Laminin, Type IV Collagen, and 72-kd Type IV
Collagenase mRNA Probes in Tumor Cells,
Fibroblasts, and Endothelial Cells

Type IV Type IV
Laminin collagen collagenase

Tumor cells 4.4 ± 2.4 0.8 ± 2.9 9.9 ± 0.3
Fibroblasts 16.0 ± 4.2 12.4 ± 2.4 31.9 ± 5.3
Endothelial cells 9.7 ± 5.6 12.8 ± 7.2 17.0 ± 3.1

* The grain counts of sense probes have been substracted from
those of the corresponding anti-sense probes.

were convincingly positive for the al (IV) chain of
type IV collagen mRNA in any of the cases.

Low level of signals for the 72-kd type IV colla-
genase mRNA was detected in carcinoma cells of
seven cases, whereas ten tumors remained nega-
tive in this respect. Only in one squamous cell car-
cinoma was the number of positive cells estimated
to be moderate, whereas in all the other positive
cases there were only occasional tumor cells which
contained mRNA for the enzyme.

In comparing the expressions of the different
mRNAs with each other, an association could be
detected with respect to the laminin Bi chain and
the 72-kd type IV collagenase mRNAs. Simulta-
neous presence of their mRNAs was observed in tu-
mor cells of six lung carcinomas. Conversely, there
were six carcinomas in which the expression of both
types of mRNA was negative. This association is
statistically significant with the P value of 0.007, ac-
cording to Fisher's exact probability test. Corre-
sponding statistically significant associations could
not be obtained with respect to the differentiation
degree of the tumor, the tumor size, or the age of
the patients. The tumor cells of small cell carcino-
mas lacked the expression of mRNAs for all the in-
vestigated proteins.

Laminin B 1 Chain, a 1 (IV) Chain of Type
IV Collagen and 72-kd Type IV
Collagenase mRNA in Fibroblasts and
Endothelial Cells in Tumor Tissue

Stromal fibroblasts and endothelial cells gave posi-
tive signals for laminin B1 chain, al (IV) chain of
type IV collagen, and 72-kd type IV collagenase
mRNA (Figures 1 to 5) in all the 17 cases of the ma-
terial. The signals for all the three mRNAs were al-
ways stronger in fibroblasts and endothelial cells
than in carcinoma cells (see Table 3). The signals
for the 72-kd type IV collagenase and for the al (IV)
chain of type IV collagen mRNAs were stronger
than those for the laminin Bi chain mRNA (see Ta-
ble 3). Cells surrounding the tumor cell islands gave
stronger signals for laminin, type IV collagen, and
72-kd type IV collagenase mRNA than those which
were located more distantly in the stroma.
We could not detect any convincing signals for

laminin Bi chain, al (IV) chain of type IV collagen,
or 72-kd type IV collagenase mRNA in normal alve-
olar macrophages, bronchial epithelial cells, lym-
phocytes, or alveolar epithelial cells. We found no
notable differences in the grain counts between
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Table 3. Results of in Situ Hybridization

Laminin Bi chain al (IV) chain of type IV collagen 72-kd type IV collagenase
T F E T F E T F E

Squamous cell carcinomas
1 + ++ ++ - - ++ + ++++ +++
2 ++ ++ + - +++ +++ ++ ++++ ++++
3 - ++ +++ - ++ ++++ - ++++ +++
4 + ++ + ++ ++ ++
5 - ++ ++ - - ++ + ++++ ++++
6 + + * ++ ++ + +
7 ++ ++ +++ - + ++ - ++ ++
8 ++ ++ +++ - ++ ++ + +++ +++
9 + - * ++ ++ _ _

Adenocarcinomas
10 - - + ++ ++ ++
11 + +++ ++ - ++ ++ + ++ ++
12 - ++ ++ ++ ++

Metastatic adenocarcinomas
13 ++ ++ ++ - +
14 + ++ ++ - + +

+ ++ ++
_ ++ ++

Small cell carcinomas
15 - + + - + ++ ++ ++
16 - - + - - - - +

17 - + - ++++ - -

T = tumor cells; F = fibroblasts; E = endothelial cells.
Scoring of in situ hybridization findings: -, none of the cells positive (0%); +, occasional cells positive (<5%); ++, moderate amount of

cells positive (5 to 50%); +++, most of the cells positive (50 to 90%); ++++, nearly all or all cells positive (>90%); *, indeterminate.

Figure 1. In a squamous cell carcinoma (case 3), signals for the a 1
(IV) chain mRNA of tvpe IV collagen cani be seen in the stromal cells
(S), u'ereas the tuimor cells (T) are negative. Bright-field (a) and

dark-field (b) image-s of the same area (in situ hbYridization, X265).

formalin-fixed older tumor samples or para-

formaldehyde-fixed fresh tumor samples. No nota-
ble differences were found in the grain counts in dif-
ferent tumor areas, e.g., the marginal areas versus

the central areas with any of the probes.

Immunohistochemistry

Thirteen cases were stained with the antibodies to
laminin and type IV collagen. The antibodies
stained the BMs of capillaries and poorly organized,
interrupted BMs around the carcinoma cell islands.
Four of the tumors expressed intracytoplasmic pos-
itivity for laminin in carcinoma cells, whereas there
was no intracytoplasmic staining for type IV col-
lagen in any of the cases. All the tumors containing
intracytoplasmic laminin immunoreactivity also con-
tained signals for laminin Bi chain mRNA in the in
situ hybridization. There were two cases, however,
in which no intracytoplasmic immunoreactivity was
found, even though tumor cells expressed mRNA
for the Bi chain of laminin. In line with the in situ hy-
bridization results, no intracytoplasmic immunoreac-
tivity was found for type IV collagen in any of the 13
cases stained.

Twelve of the tumors were analyzed for the immu-
nohistochemical expression of the 72-kd type IV
collagenase. In 11 cases, positive immunohis-
tochemistry was observed in carcinoma cells (Fig-
ure 6). Eight cases gave parallel results by immuno-
histochemistry and in situ hybridization, whereas in
four cases, the carcinoma cells were positive by im-
munohistochemistry but did not express detectable
amounts of 72-kd type IV collagenase mRNA. Fibro-
blasts and endothelial cells showed strong staining
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lung carcinomas that represented different histolog-
ical types of World Health Organization classifica-
tion and two metastatic adenocarcinomas to the
lung. The results showed that mRNAs for all three
molecules can be found mainly in stromal fibro-
blasts and in endothelial cells. In a portion of cases,
however, the tumor cells also synthesized laminin
B1 chain and 72-kd type IV collagenase mRNAs,
the amount of signals remaining, however, consider-
ably lower in them than in the surrounding fibro-
blasts or endothelial cells. Synthesis of the al (IV)
chain of type IV collagen could not be observed in
tumor cells at all.

Stromal cells seem to be the most important
source of laminin, type IV collagen, as well as 72-kd
type IV collagenase in lung carcinomas. This result
emphasizes the primitive nature of tumor stroma,
and the findings correspond well with those we
have previously obtained from developing human
placenta where the villous stromal cells also form an
important site for the production of both BM pro-
teins and their degrading enzymes.17,18 Carcinoma
cells themselves that have been traditionally

Figure 2. llp!bridization signlals fio the 1'2-kcl ttpe It' collageniase thought to be mainly responsible of the BM forma-
o1iR.A is present in the stromalf/ih/lasts (arrowheads) anzd enldo- tion around the tumor islands are in fact quite inac-
thelial cells (arrou's) in the sanie tulior as in Figuire 1. Juiorl cells
(T) ore againi negative. Bright- (a) anid cdar-k-/icld (b) (4) images ('of tive to express the synthesis of the BM proteins.
the samtie area (in sitlo bhbridization. X 26 5).

Figure 3. In aniother case o-J'a squamious cell carcinioma (case 1),
stronig signacils fin the 72-kd tipe IV collagenase canl be' seen in the
stromiial cells (S), whereas the tunCiort cells (T) are negative (in SituL hbv-
bridization, X 105).

for the antibody to the 72-kd type IV collagenase in
all the cases.

Discussion
In this study we used in situ hybridization for the
analysis of the expression of the Bi chain of lami- Figure 4. In the metastatic breast carcitnoma to luntig (case 14), the
nin, the al (IV) chain of type IV collagen, and the stromal cells (S) express the mRINA for laminzini B1 chaini. Bright- (a)anid dark-field (b) iniages of the samne area (in Sitic hbbridization,
72-kd type IV collagenase mRNAs in 15 primary x265).

-
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Thus, there must be more complex mechanisms in
the BM deposition and degradation than has been
usually thought.

Adhesion of tumor cells to the extracellular matrix
(ECM) proteins has been proposed to be important
for malignant growth.3 This adhesion is explained to
be mediated through receptors present on tumor
cell membranes.31 33 Specific laminin receptors
and an increasing number of various membrane-
bound integrins mediate the adhesion.3334 A spe-

cific receptor has been also purified for one ECM-
degrading enzyme, the urokinase.35 There is no

knowledge about other ECM-degrading enzymes

Figure 6. Immtnnzohistochemical demonstration of 72-kd type IV col-
lagenase in carcinoma cells antd stromalfibroblasts in a poorlv dif-
feretntiated sqniamotns cell carcitionoa (immunoperoxidase staint
x 26(5)

Figure 5. The eApre%sskionnz?/ the la nitin BJ1 chain nAA is present inZ
the stromnal cells (S) in a smnall cell carcinzomna (case 1 V). Brigbt- (a)
antd cdark/feld (b) inamages n/the samlze area. A control hlbridization
with the sen.se laininin pr-obe isbos Eon in (c) iln Sitlo hYhridization.
X265).

that would function through membrane-bound re-
ceptors. Our findings of a strong mRNA signal for
the 72-kd type IV collagenase in tumor stroma in re-
lation to the low or absent signal in carcinoma cells
added by the immunohistochemical presence of the
enzyme in them would suggest that the function of
type IV collagenase might also be mediated
through a receptorlike mechanism, similarly to the
activation of plasminogen by urokinase. A receptor-
linked type IV collagenase could also explain the
occurrence of membrane-bound type IV collagen-
ases that have been shown to be present on some
carcinoma cells, including the NCI-H82 small cell
lung carcinoma cells.22

Contrary to in situ hybridization findings, immuno-
histochemistry showed the presence of 72-kd type
IV collagenase in carcinoma cells. This finding is
compatible with two recent investigations, in which
similar immunohistochemical reactivity was reported
in a majority of colon36 and invasive breast carcino-
mas.37 Even though we could find evidence of
72-kd type IV collagenase synthesis in carcinoma
cells of about half of the cases, the main sources of
the enzyme in lung tumors, however, are stromal fi-
broblasts or endothelial cells. The discrepant results
obtained by in situ hybridization and immunohis-
tochemistry could again be explained by assuming
that the neoplastic cells contain receptors that bind
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the 72-kd type IV collagenase. Another alternative is
that there is a difference in the rate of production of
72-kd type IV collagenase between carcinoma and
stromal cells and that carcinoma cells could be
able to store the enzyme in the cytoplasm on the
basis of a different secretory pathway these cells
might use.38

Synthesis of 72-kd type IV collagenase mRNA in
stromal fibroblasts and in endothelial cells was evi-
dent in every lung tumor studied, but the amount of
signals was most pronounced in squamous cell car-
cinomas. This finding may simply be explained by
the methodological factors, or it may be a real find-
ing that differentiates squamous cell carcinomas
from other types of lung tumors. It is known that the
synthesis of 72-kd type IV collagenase is induced
by transforming growth factor-P.39 It has also been
shown that non-small cell lung carcinoma cell lines
are able to synthesize transforming growth factor-
P.40 Perhaps the higher level of 72-kd type IV colla-
genase in the stroma of squamous cell carcinomas
reflects the higher synthetic capacity of this growth
factor by tumor cells of squamous carcinoma.

In comparing the synthesis of the three investi-
gated types of mRNA molecules with each other,
we noted an interesting association between the ex-
pressions for laminin B1 chain and 72-kd type IV
collagenase mRNAs by the tumor cells. Whenever
the tumor cells expressed laminin, they also ex-
pressed type IV collagenase mRNAs and vice
versa. This may suggest that the synthesis of these
two proteins is linked together. Perhaps the activa-
tion of laminin B1 chain and 72-kd type IV collagen-
ase genes are somehow interrelated.

In summary, the main finding of this study was to
locate the synthesis of mRNAs for laminin B1 chain,
al (IV) chain of type IV collagen, and 72-kd type IV
collagenase in the stromal cells of lung carcinomas.
This finding emphasizes the importance of tumor
stroma for malignant growth and spread. The syn-
thesis of BM proteins and the degrading 72-kd type
IV collagenase by the same cells indicate a simulta-
neous activation of the genes that encode these
proteins. This is probably related to the fact that the
neoplastic tissue requires a constant remodeling of
ECM in response to the proliferative activity of the
carcinoma cells and to the activity of various growth
factors involved in the process.
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