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Letter to the Editor

Correspondence re: A. C. NoÃ«let al., Invasion of Reconstituted Basement Membrane Matrix Is Not Correlated to the
Malignant Metastatic Cell Phenotype. Cancer Res., 57:405-414, 1991.

The recent article cited above contradicts earlier work by
Kramer et al. (1), Albini et al. (2). Terranova et al. (3), Hendrix
et al. (4), etc. (5-10), who showed a good correlation between
the ability to invade reconstituted basement membrane and
metastatic potential in numerous tumor cell lines. The ability
of tumor cells to cross both wet and dried films of reconstituted
basement membrane was directly correlated with metastatic
activity as defined by source of tumor cells or in vivo animal
tests. Particularly, the Boyden chamber assay of tumor cell
invasion (2-4) is reproducible and quantitative. The use of a
chemoattractant decreases the time of the assay from 1 to 2
days to 4 to 6 h.

A related assay studies the growth and spread of tumor cells
embedded within a gel of basement membrane proteins. In this
system, the cells appear not to be able to proliferate unless they
are able to degrade and penetrate into the gel. At 1-2 days,
malignant cells are clearly distinguishable from benign tumor
cells since they penetrate into the gel. proliferate, and form
large branching colonies. Benign tumor cells remain as single
cells within the gel or form small clumps within the gel.

Noel et al. (11) modified the assay by using trypsinized cells,
by plating the cells on top of the gel, and by extending the assay
for 8 days or more. Then cells, as expected from other studies
of cells on basement membrane gels, attached and proliferated
on the gel and crossed it after several days in culture. The
extended time of their assay plus the exogenous protease may
have led to the destabilization of the gel.

We have prepared detailed protocols for conducting both the
"Boyden chamber" assay and the "morphological" assay with

tumor cells embedded in the gel. We would be happy to supply
these protocols to any interested parties, and we are ready to
assist in establishing these assays.
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Reply

Our results published in the January 1, 1991 issue of Cancer
Research (1) do not agree with the earlier work reported by
Kramer et al. (2), using the same protocol detailed in their
paper. We never compared our results to those of Albini et al.
(3) using the Boyden chamber assay of tumor cell invasion. The
use of chemoattractant and the small amount of matrigel used
in this assay provide assay conditions different from those used
in Kramer's study and in ours.

The related assay briefly described in the second paragraph
of Martin and Kleinman's letter is to our knowledge undocu
mented. This "morphological" assay with tumor cells embedded

in the gel was not evaluated in our study.
In contrast to the opinion stated in the third paragraph, we

do not think that the discrepancy between our data and earlier
work stems: (a) from using trypsinized cells, since Albini et al.
(4) and Kramer et al. (2) also used 0.5% trypsin in EDTA to
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collect cells; (b) from plating cells on top of the gel since these
are the conditions described by Kramer et al. (2); or (c) from
extending the assay for 8 days since the fibroblasts' downward

penetration was already detected after 1 day (Ref. l, Figs. \D
and 5, A and B). Kramer et al. (2) showed semithin sections of
fibrosarcoma cells starting invasion of the gel after 2 days and
becoming deeply embedded in the matrix after 7 days (Ref. 2,
Fig. 5). In our work, an even more rapid invasion was observed
with normal fibroblasts (1). Indeed, penetration of the matrix
by these cells was clearly visible after 24 h by scanning electron
microscopy and transmission electron microscopy (Ref. l, Fig.
5, A and B, Fig. 6). Thus, cells invaded the gel before observing
an effect on cell proliferation. "Extension" of the assay was

performed in order to assess that epithelial tumor cells were
unable to invade matrigel even after a longer period of incuba
tion.

The passage of cells through reconstituted basement mem
brane may be a useful model to evaluate the possible mecha
nisms involved: secretion of collagenase type IV (5) or increased
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cell motility (6). The authors who initially described this model
themselves state "that the tumor cells may be invasive in vitro
but not metastatic in vivo" (7). It is therefore our opinion that

the conditions of the assay used in our work are adequate to
study the morphological aspects of cell-matrix interactions and
the molecular events associated with penetration of some cell
types.

In an attempt to critically reevaluate the Boyden chamber
assay and our assay conditions and to elucidate the origin of
the discrepancy between our studies, we suggest that Dr. Mar
tin. Dr. Kleinman. and any interested parties conduct these
assays together with cells and matrigel issued from both labo
ratories with the same investigators.
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