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ABSTRACT

Activated ras oncogene transfection into suitable recipient cells has
been shown to induce the melastatic phenotype (Thorgeirsson, et a/.,
Mol. Cell. Biol., 5: 259-262, 1985). We have used this model system to
study the correlation of basement membrane collagenolysis with meta-
static propensity. The c-Ha-nu oncogene alone, or combined with \-myc,
transfected into early passage rat embryo fibroblasts, induce these cells
to secrete high levels of type IV collagenolytic metalloproteinase and to
concomitant!)' exhibit a high incidence of spontaneous mÃ©tastasesin nude
mice. Cotransfection of c-Ha-ro? plus the adenovirus type 2 Eia gene
yields cells which are highly tumorigenic but nonmetastatic and fail to
produce type IV collagenase. This effect is due to a suppression of
collagenase elaboration, not increased production of a collagenase inhib
itor, and not decreased production of a collagenase activator. The char
acteristics of the collagenase are identical to tumor type IV collagenase
described previously. The nonmetastatic cells which failed to produce
type IV collagenase retain the ability to secrete high levels of plasminogen
activator. Transfection with the protooncogenic forms of Ha-ras or mos,
or spontaneous transformation of NIH 3T3 cells or chemical transfor
mation of BALB 3T3 cells yields cells which fail to produce collagenase,
are tumorigenic, but totally nonmetastatic. These data support a biochem
ical linkage of type IV collagenase expression with the metastatic phe
notype in this rodent system.

INTRODUCTION

A metastatic colony is the end result of a complex series of
steps involving multiple gene products. It is likely that in some
cases the augmented metastatic potential of certain tumor cells
may be due to increased expression of specific gene products
which confer a selective advantage. Transfection of the c-Ha-
ras oncogene into suitable recipient cells (1-4) constitutes a
powerful experimental model to identify putative gene products
augmented in highly metastatic tumor cells compared to their
nonmetastatic counterparts. In the present study, we have used
this model to study the correlation of metastatic propensity
with secretion of basement membrane collagenase.

Various forms of the ras oncogene family are capable of
transforming a variety of cell lines (3-5). In addition to pro
ducing tumors, ras family-transformed cells also express the
metastatic phenotype in nude mice (1). Either the cellular or
viral form of the Harvey ras oncogene will induce murine 3T3
cells, adult rodent fibroblasts, and diploid rat embryo fibroblasts
to produce mÃ©tastasesfollowing i.v. (lung colonization) or s.c.
injection (spontaneous mÃ©tastases).In our previous studies this
induction of mÃ©tastaseswas not due to a reduction in the
susceptibility of these cells to natural killer cell or macrophage
killing (1). Spontaneously transformed 3T3 cells, or 3T3 cells
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transfected with the ras protooncogene are highly tumorigenic
but fail to produce any mÃ©tastases.Furthermore, if diploid rat
embryo fibroblasts are cotransfected with the ras oncogene plus
the adenovirus type 2 Eia oncogene, this results in a virtual
complete suppression of the metastatic phenotype (6). The
suppression is not due to an alteration in the level of ras
transcript (6). The ras versus ras plus Eia transfectants offer a
unique means to study specific cellular factors which may be
regulated in parallel with the metastatic phenotype.

We have focused our attention on one of the steps critical for
metastatic progression: the degradation of basement membrane
(type IV) collagen. Type IV collagen is the structural scaffolding
of the basement membrane, a continuous laminar matrix sep
arating tissue compartments and surrounding blood vessels,
muscles, and nerves. Tumor cells must be able to traverse this
connective tissue barrier in order to metastasize. Our previous
studies using established cell lines or freshly isolated tumor
cells demonstrated a correlation between metastatic potential
and the ability to degrade basement membrane collagen (7).
However, some of the tumor cell lines used were not cloned,
and not all lines were derived directly from a common parent.
The ras transfection system offers the advantage that all trans
fectants are cloned and derived from a common parent popu
lation. The ras versus ras plus E l a-transfected rat embryo
fibroblasts exhibit a very stable differential metastatic pheno
type. The aim of the present study was to correlate the colla
genolytic activity secreted into the media of these transfected
cells with their metastatic propensity in nude mice.

MATERIALS AND METHODS

Cell Lines. Second passage REF3 were obtained from Flow Labora
tories, Inc. NIH/3T3 cells and REF were grown in Dulbecco's modified
Eagle's medium containing 10% heat-inactivated fetal calf serum, 100

ti units/ml penicillin, and 100 Mg/ml streptomycin. When subconfluent
they were passaged at a 1:5 ratio.

The mouse embryo cell line BALB/3T3 clone A31-l-lc at passage 9
was used to produce eight derivative cell lines obtained from type III
transformed foci induced with different chemical carcinogens or by
spontaneous transformation. All these cell lines were cultured in Eagle's

minimal essential medium supplemented with 10% heat-inactivated
fetal bovine serum and antibiotics. Morphological transformation was
induced by plating 1 x IO4 cells in 60-mm dishes and, 18 h later,

exposing them to the carcinogen in complete medium. The cultures
were then washed, fed twice weekly for 5 weeks, and scored for type III
transformed foci. Some foci were removed by scraping, and expanded
and passaged in the same medium. These transformants were induced
by 72-h exposures to one of the following agents: 2 x IO"7M benzo[a]
pyrene, 3 x 10"' M sodium arsenite, 6 x 10"6M cadmium chloride, and
6 x 10~6Mpotassium chromate; and by 30-min exposures to Ar-methyl-
A"-nitro-A'-nitrosoguanidine, 0.5 fig/ml (F2) or 1.0 /Â¿g/ml(F3, F5).

The culture and transformation methods were described (8, 9).
DNA Transfection. Transformed rat embryo cell lines, obtained by

3The abbreviations used are: REF, rat embryo fibroblast; PA, plasminogen
activator.
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transfection of various oncogenes into second passage rat embryo cells,
have been previously described (6). Cell lines 1 R, 2 R, 3 R, 4 R, and 5
R were derived by transfection of the plasmid pEJ, which contains the
activated form of the e I la ras oncogene as cloned from the bladder
carcinoma cell line T24. Cell lines designated with the prefix "Ren"

were derived by transfection of the plasmid pRasEnl, which is identical
to pEJ except that a simian virus 40 enhancer element has been inserted
downstream of the c-Ha-ras coding region. Cell lines designated with
the prefix "RE" were derived by cotransfection of the plasmids pEJ

and pEla. pEla contains 2.5 kilobases of DNA sequences from the left
end of the adenovirus type 2 genome, and encodes the Eia 12S and
I3S transcripts. Detailed descriptions of these oncogene-containing
plasmids, verification of the expression of the transfected oncogenes in
the transformed cell lines, and the methodologies of DNA transfection
have been described (6).

Transformed rat embryo cell lines REF 2.2, REF 2.8, and REF 3.7
were obtained by transfection of the plasmid pEJ and pMC29 (a gift
from P. Howley) containing the \-myc oncogene (10), using the de
scribed procedures (4). Cellular incorporation of the double oncogenes
was verified by Southern hybridization.

NIH/3T3 cells were transfected with c-mos [transforming clone
pT64 developed by T. Wood et al. (11) and kindly given by G. Vande
Woude], proto-Ha-ros or N-ras oncogenes as already described (1,4).

MÃ©tastasesAssay. Cells were cultured and harvested as described (1,
4, 6). For experimental mÃ©tastases,a 0.1 -ml portion (5 x 104cells) was
injected into the lateral tail vein of 4- to 5-week-old female athymic
nude mice. For spontaneous mÃ©tastasesS x IO5 cells in 0.2 ml were

injected s.c. into the right posterior flank or the subscapular region.
Mice given injections i.v. were sacrificed 3 weeks after injection; mice
given injections s.c. were sacrificed after 2 months. MÃ©tastaseswere
identified and histologically verified as described (4, 6).

Protease Assay. Type IV collagenase activity and plasminogen acti
vation activity was measured in serum-free conditioned media (24 h of
incubation of 5 x 10 subconfluent cells) using methods described
previously (12-16). The classes of transfectants studied here showed
no differences in their viability following 24 h growth in serum-free

media.

RESULTS

Transfection of the ras oncogene into NIH/3T3 cells resulted
in stable clones which were highly tumorigenic and also pro
duced mÃ©tastasesin nude mice. Injection of 1 x 10s cells into

the tail vein resulted in the formation of greater than 200 lung
colonies in 10 of 10 mice given injections. In confirmation of
our previous report (1), the ras transfected NIH/3T3 cells also
produced increased amounts of type IV collagenase (Fig. 1),
compared to the NIH/3T3 untreated cells. In contrast, trans
fection with the protooncogene form oÃmos(transforming clone

CELL LINE METASTASES COLLAGEN IV DEGRADED (ng)

Fig. 1. Type IV collagenolytic activity produced by NIH/3T3 cells transfected
with oncogenes. The collagenolylic activity is expressed as the ng of type IV
collagen substrate degraded per million cells (16 h). The mean of four separate
determinations is shown; bars, SD. MÃ©tastasesare expressed as the mean number
of mÃ©tastasesproduced in the lungs of 10 nude mice given injections i.v. of 1 x
10* cells. The c-mos and the proto-Ha-ras oncogene transfectants were highly
lumorigenic bul failed to produce mÃ©tastases.

pT64) or Ha-ros linked to a promoter (4) resulted in tumori
genic but nonmetastatic cells which also failed to produce
significant amounts of type IV collagenolytic activity.

Spontaneously transformed NIH/3T3 cells were previously
shown to be tumorigenic but nonmetastatic and to not produce
type IV collagenase (1). In order to extend this control profile
to other forms of transformation, we studied a series of BALB/
3T3 cells transformed either spontaneously or by chemical
carcinogens. Treatment with N-methyl-Ar'-nitro-Ar-nitroso-

guanidine, potassium chromate, cadmium chloride, sodium ar-
senite, or benzo[a]pyrene produced malignant transformation,
and the cloned lines derived from type III foci were tumorigenic
in 5 or 6 of 6 nude mice given injections s.c. of 5 x 10s cells,

but none of the mice bearing s.c. tumors exhibited mÃ©tastases
after 2 to 3 months. Spontaneously transformed BALB/3T3
cells and all the chemically transformed lines (all of which were
tumorigenic) failed to produce significant amounts of type IV
collagenase (Fig. 2).

Diploid rat embryo firboblasts transfected with c-Ha-ras
yielded transformed foci which were cloned, expanded, and
injected into nude mice. AH of these independently transfected
clones produced mÃ©tastasesby both the spontaneous (Table 1)
and i.v. route. In all cases, Northern analysis revealed the
presence of ras transcripts in the transformed cells (6). Regard
less of the passage number, all of the c-Ha-ras transfected cells
produced spontaneous mÃ©tastaseswithin 2 months in nude
mice given injections s.c. of 5 x IO5cells (Table 1). The number

of spontaneous mÃ©tastasesfollowing s.c. injection ranged from
20 to more than 100 mÃ©tastasesper mouse in a variety of
organs, including liver, lung, kidney, heart, and brain (6). Most
of the ras-transfected REF clones produced greater than 150
lung colonies within 1 month after i.v. injection of 5 x IO4

cells. Cotransfection of ras plus myc resulted in transformed
rat fibroblasts which produced mÃ©tastasesafter either i.v. or s.c.
injection of cells. No statistically significant differences in spon
taneous metastatic propensity were observed between the ras
plus myc transfectants compared to the ras-alone transfectants.
In great contrast to ras alone or ras plus myc, ras plus Eia
transfectants produced no spontaneous mÃ©tastaseswhatsoever,
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Fig. 2. Type IV collagenolytic activity produced by BALB/3T3 cells trans
formed by chemical carcinogens. The collagenolytic activity is expressed using
the same units as in Fig. I. The transformation was induced by /V-methyl-A''-
nitro-/V-nitrosoguanidine, cadmium chloride, sodium arsenite, potassium chro
mate, benzo(fl)pyrene. as reported in "Materials and Methods." All transformants

were tumorigenic in nude mice (6 of 6) but failed to produce any mÃ©tastasesafter
3 months. All transformants failed to secrete significant amounts of type IV
collagenolytic activity.
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Table 1 Spontaneous mÃ©tastasesincidence in nude mice 2 months after s.c.
injection ofSx. Iff cells

CelllineIR2R3

R4R5RRen

1Ren
2Ren
32.22.32.82.103.7REIRE

2RE
3RE
4RE
6RE2aTransfected

DNAras"
+pRSVneoras"
+pRSVneoras"
+pRSVneoraj"
+pRSVneoras"
+pRSVneoras"

+ pRSVneo + SV40enhancerras"
+ pRSVneo + SV20enhancerraj"
-I-pRSVneo -HSV40enhancerras"

-t-v-mycras"
+\-mycras"
+v-mycras"
+v-mycras"
+v-mycras"

+Eiaraj"
+Eiaras"
+Eiaras"
+Eiaras"
+Eiaras"
+ EiaProportion

of mice
exhibiting

spontaneous
mÃ©tastases4/42/84/78/84/84/45/63/66/74/56/73/57/70/80/80/80/80/80/8

CELL LINE METASTASES
COLLAGEN IV DEGRADED (ng)

Fig. 3. Type IV collagenolytic activity produced by diploid ral cullimi libro
blasts transfected with oncogenes. Collagenase and mÃ©tastasesare expressed as
in Fig. I. Each group consisted of 8 to 20 mice.

even though they were highly tumorigenic. The in vivo growth
rate of the tumors produced by rai plus Eia versus ras transfec-
tants was identical, 5x10* cells yielding 1 cm tumors within

2 weeks. The ras plus Eia transfectants produced virtually no
mÃ©tastasesafter i.v. injection (Fig. 3). The type IV collagenase
production by all of the transfected rat embryo fibroblasts
consistently paralleled their metastatic behavior, without excep
tion. The raÃplus E l a transfectants failed to produce significant
amounts of type IV collagenolytic activity (active protease plus

total metalloprotease activity susceptible to trypsin activation)
comparable to the primary rat embryo fibroblast controls (Fig.
3). The metastatic ras-transfected cells produced up to 30 times
more total collagenase compared to the nonmetastatic rai plus
Ela-transfected cells. The differential secretion of collagenase
by the series of transfected rat embryo fibroblasts (Fig. 3) was
verified by gel electrophoresis of the digestion products (data
not shown), as well as by conditioned media dilution and
digestion time course studies. Example data is shown in Fig. 4.
The collagenolytic activity produced by as little as 8 x IO4
metastatic cells ("R" or Ren series: Fig. 4/4, dilution 4) was still

detectable, whereas the activity produced by 10 nonmetastatic
double transfectants (RE series) was insignificant (Fig. 4A,
dilution 1), even after a 16-h incubation period (Fig. 4Ã„).

The type IV collagenolytic activity produced by the ras alone
or by rai plus Â»ryc-transfected rat embryo fibroblasts was char
acterized to study its similarity to the type IV collagenase
produced by murine or human cells (12, 15). Thirteen (Fig. 4A,
line 4R) to 30% (Fig. 4/1, line 3.7) of the secreted collagenase
was active. The rest of the activity required trypsin activation.
All of the latent collagenase activity was inhibited by 20 HIM
EOT A, but not by 5 mM JV-ethylmaleimide and 5 mM phenyl-
methanesulfonyl fluoride. All of the collagenolytic activity was
retained on the Mono-Q aniÃ³naffinity column and eluted with
0.185 M NaCl as a single major peak (Fig. 5). The type IV
collagen digestion products on gel electrophoresis were consist
ent with a single major cleavage 25% of the distance from the
amino terminal end of the type IV collagen substrate, as de
scribed previously (14, 15). Thus, the collagenolytic activity

2 3
Dilution

^_ 10 20
hours

Fig. 4. Type IV collagenolytic activity in REF cells. I. dilution curve of
secreted collagenolytic activity activated with trypsin. The dilution units are
progressive dilutions (x 5) of the conditioned media concentrated 100-fold from
10 cells. The cell lines are as described in Fig. 3. Units are expressed as in Fig.
1. B, time course of degradation: comparison of medium conditioned by ras-
transfected REF (4 R) with medium conditioned by raj plus EI a-transfected REF
(RE2). A low substrate:enzyme ratio was used. The maximum degradation shown
is 70% of the total substrate added.

1525

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430437/cr0470061523.pdf by guest on 19 M

ay 2023



TYPE IV COLLAGENASE AND METASTATIC PHENOTYPE IN ras AND ras + Eia TRANSFECTANTS
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Fig. 5. Mono Q aniÃ³nexchange chromatography (15) of the type IV collagen-
olytic activity produced by raÃplus v-m>r-transfected REF 3.7. The pooled active
fractions chromatographed by Mono Q aniÃ³nexchange on a first run were injected
intÂ»the same fast performance liquid chromatography system. A major peak of
activity eluted at 0.185 M NaCl. The activity peak was totally inhibited by EDTA,
but not affected by .V-ethylmaleimide or phenylmethanesulfonyl fluoride, and was
used to digest 3H-type IV collagen for polyacrylamide gel electrophoresis analysis.
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Fig. 6. Mixing experiment: type IV collagenolytic activity of the culture
medium conditioned by ras plus v-mjr-transfected REF (3.7) combined with
conditioned medium from ras plus E1a-transfected REF (RE2). Units are ex
pressed as in Fig. 1. A, medium of 3.7 alone, without trypsin activation; B. trypsin
activated medium of 3.7; C, 50:50 mixture of trypsin activated medium of 3.7
plus medium of RE2; D, 50:50 mixture of trypsin activated medium of 3.7 plustrypsin activated medium of RE2; /.'. conditioned medium of RE2. without trypsin

activation: F. trypsin activated medium of RE2: G, 50:50 mixture of medium of
3.7 plus trypsin activated medium of RE2; //, medium of 3.7 plus medium of
RE2. The amount of 3.7 conditioned medium was identical in all samples (A-H).

secreted by the metastatic transfected rat embryo fibroblasts is
apparently identical to the tumor type IV collagenolytic activity
described previously (12).

The difference in secreted collagenolytic activity between the
ras and the ras plus Eia cell lines could be due to the presence
or absence of secreted protease inhibitors or protease activators.
In order to test this possibility, we analyzed the effect of the
media conditioned by rai plus Eia transfectants on the colla
genolytic activity present in the media conditioned by ras trans
fected cells. Conditioned media from the two counterpart cells
were mixed in equal amounts and concentration, with or with
out individual activation with trypsin. No inhibition of the type
IV collagenolytic activity produced by ras plus myc REF 3.7
was elicited by the conditioned media from the ras plus Eia
cells RE2 (Fig. 6). Furthermore, the latent collagenolytic pro
tease was not activated when the media were combined. These
data indicate that the absence of type IV collagenolytic activity
in the media conditioned by ras plus Eia transfectants is not
due to the concomitant production and availability of protease
inhibitors and not due to the absence of collagenase activators.

Collagenase is only one of many tumor derived proteases
which may play a role in tumor invasion and mÃ©tastases.In
order to investigate whether the ras plus Eia transfection
suppressed the elaboration of other tumor derived proteases,

we studied the production of PA (plasminogen-dependent fibri-
nolysis) in selected REF transfectants (Table 1). Transfection
of ras into REF increased their rate of PA production ( l R and
2 R metastatic lines). The rate of PA production was further
elevated in the Ren 1 and Ren 2 metastatic lines. However, PA
production was also elevated significantly in the nonmetastatic
lines RE 3, RE 4, and RE 6. Therefore, PA production is not
altered in the same direction as collagenase in these classes of
transfectants.

DISCUSSION

The mechanism by which members of the activated ras on
cogene family can induce the complex metastatic phenotype
after transfection into recipient cells (1,2, 4-6) remains ob
scure. The transfected cell must be of the appropriate cellular
background. For example, ras will induce NIH/3T3 cells to
become tumorigenic and metastatic, but the same oncogene
transfected into murine C-127 cells will confer tumorigenicity
without mÃ©tastases(4). The effect of ras on spontaneous mÃ©
tastases versus lung colonization by the i.v. route may also relate
to the cellular background (17). Thus, the recipient cell must
contribute the correct genetic elements which cooperate with
the effects of the raÃoncogene to result in the metastatic
phenotype. However, it is clear that an abnormal karyotype is
not a prerequisite for the metastatic phenotype to be induced.
A variety of diploid cells can be induced to become metastatic
by activated ras oncogene transfection (3, 4). Some metastatic
transfectants remain diploid with no gross karyotypic altera
tions (18). It is possible that the transfected oncogene itself, or
the oncogenic M, 21,000 protein induces a genetic instability
leading to metastatic variants which are selected in vivo. If this
is the case, it must occur very rapidly since mÃ©tastasesfollowing
s.c. injection were observed as early as passage three or four
following raÃtransfection into rat embryo fibroblasts (6), and
all of the metastatic rai-transfected REF continuously retained
their metastatic potential for at least 40 passages. Colony
forming efficiency in agar and degree of anchorage independent
growth is not necessarily correlated with metastatic propensity
in oncogene transformed or carcinogen transformed cells (6).
In Fig. 2, a variety of carcinogen transformed fibroblasts were
shown to be fully tumorigenic (forming 1-cm tumors within 30
days), were not metastatic in nude mice. The protooncogene
(4) can confer anchorage independence and in vivo tumorigenic
ity, but the transformed cells remain nonmetastatic (4). rai plus
Eia REF transformants are tumorigenic but nonmetastatic (6).
In contrast, raÃplus \-myc REF transformants are fully meta
static. These data indicate that metastatic propensity clearly
requires specific cellular alterations over and above those suf
ficient for tumorigenicity alone.

Even though the mechanism of raÃinduction of the metastatic
phenotype is unknown, this system provides a new opportunity
to study specific gene products which correlate with the induced
phenotype. Undoubtedly, multiple gene products are required
for progression to mÃ©tastases.Any putative gene product nec
essary, but not sufficient, for completion of this progression (or
biochemically linked to necessary gene products) must be ex
pressed by all of the metastatic clones. One of many putative
gene products associated with mÃ©tastasesis a protease which
enables the tumor cell to traverse the continuous basement
membranes, which separate tissue compartments and surround
blood vessels, muscles, and nerves. As shown in Figs. 1 and 3,
all of the metastatic transfectants secreted high levels of type
IV (basement membrane) collagenolytic activity. Furthermore,
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Table 2 Plasminogen activator activity of selected REF transfectants (24-h incubation of 5 x /O7subconfluent cells)

The data are expressed as cpm released at the incubation time specified, for conditioned media samples matched for the number of cells as in Figs. 1-4.
!*I-fibrin degraded and length of incubation

Celltype1

R2RRen

1
Ren2RE

3
RE 4
RE 6
REF1â€”

plasminogen<background

5487158142

85
129
<backgroundh+plasminogen295

1284516

10688499

6312
5130
<background2h-plasminogen<background

90164

257415

160
208
<background+plasminogen2663

120616249

765820349

20539
19966

1663hâ€”plasminogen30

191244369930323

365
<background-t-plasminogen5234

281218702

1166620716

21425
21194

340

without exception, all the tumorigenic but nonmetastatic trans
fectants and carcinogen-transformed cells (Fig. 2) failed to
produce significant amounts of this protease. The exactness of
this correlation in these cells may be highly dependent on the
fact that they differ in metastatic propensity for reasons unre
lated to susceptibility to natural killer or macrophage cell killing
in the nude mouse system (I).4 Certainly in syngeneic mice a

tumor cell with high collagenolytic activity could be also highly
immunogeneic and consequently not able to resist host defenses
and initiate a metastatic focus. As shown in Table 2, the
metastatic propensity did not correlate with PA production by
these lines. Regulation of PA and collagenase may both be
important for mÃ©tastases.However, PA alone in the absence of
collagenase appears insufficient for mÃ©tastases.

Type IV collagen, the structural element of basement mem
branes, is resistant to classic collagenase, which degrades col
lagen I, II, and III. A collagenase that cleaves procollagen IV
at a specific site has been identified in cell cultures derived from
malignant tumors (7, 12, 14). This type IV-specific collagenase
is a neutral metal proteinase of molecular weight of about
60,000-70,000. The proteinase is inhibited by metal chelators
and serum, but not by /V-ethylmaleimide, phenylmethanesul-
fonyl fluoride, or aprotinin. It is secreted in a latent form which
can be activated by trypsin or plasmin.

Procollagen IV monomers are triple helical molecules that
contain a noncollagenous globular knob at one end and the
"7S" bow tie-shaped domain at the other end. Four type IV

monomers can associate by cross-links and disulfide bonds to
form a tetramer. The individual molecules are joined at the 7S
domain, and from this junction the knob-like termini extend,
as shown by electron microscopy (19). The 7S domain is at the
NH2 termini, and the tumor cell type IV-specific collagenase
cleaves at a site 25% of the distance from this end. The tumor
enzyme therefore has the ability to break apart the tetramer
and potentially dissociate the type IV network in the basement
membrane lamina densa.

The raj-transformed rat embryo fibroblasts secrete into the
culture media a protease active against type IV collagen (Figs.
4 and 5) that has properties similar or identical to the previously
described murine tumor cell (12, 14) and human mononuclear
phagocyte (15) type IV-specific collagenase. The pH optimum,
the cleavage products, and the inhibitor profile are identical.
The REF collagenase is secreted in a latent form, similar to
that found for mouse tumor cells and not in the active form as
found for the normal human mononuclear phagocytes (14). The
absence of secretion of type IV collagenolytic activity by diploid
REF cells cotransfected with ras plus Eia is in parallel with the

4J. E. Talmadge, manuscript in preparation.

possible inhibitory effect of Eia on the metastatic phenotype
(6). The absence of significant levels of this protease in the ras
plus Eia cell-conditioned media is not due to the elaboration
of possible protease inhibitors or to the absence of required
specific activators (Fig. 6). The effect of the adenovirus type 2
Eia gene cotransfection appears to interfere with the cascade
of genetic events promoted by the insertion of raj oncogene,
and is not a rare event, since all the analyzed transfected clones
exhibit the nonmetastatic low collagenase phenotype. As pre
viously reported, cotransfection of ras plus Eia has no effect
on the level of specific RNA transcripts for both oncogenes. In
contrast to the results with Eia, all of the ras plus \-myc-
transfected REF produced spontaneous and i.v.-induced mÃ©tas
tases and secreted high levels of type IV collagenolytic activity
(Fig. 3). It has been previously reported that the adenovirus
type 2 Eia gene can interact with the transforming function of
raj oncogenes and can modify cell surface antigens and increase
susceptibility of cells to lysis by natural killer cells and macro
phages, at least in the hamster system (20, 21). Whether or not
immune cell lysis susceptibility is altered for the ras plus Ela-
transfected REF cells, remains to be determined. Nevertheless,
the alteration in collagenase expression demonstrates a gene
product dramatically altered by the presence of Eia. The fact
that the Eia reduction of mÃ©tastasesis also associated with the
loss of collagenase IV implicates this protease as being bio
chemically linked to the metastatic cascade in this rodent
model.
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