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GROWTH OF MACROPHAGES ON COLLAGEN-, ELASTIN-, AND 
GLYCOPROTEIN-COATED PLATES AS A TOOL FOR 
INVESTIGATING MACROPHAGE PROTEINASES 

Peter A, Jones 
Zena Werb 

I. GENERAL INTRODUCTION 

The breakdown of the extracellular matrix is of fundamen-
tal importance in many normal and pathological situations. 
Macrophages often congregate at sites of tissue breakdown and 
are thought to play a significant role in the enzymatic hydrol-
ysis of connective tissue elements. The connective tissue pro-
teins include glycoproteins, collagen, elastin, and proteogly-
cans in various combinations, and their breakdown is likely to 
be a complex event. Macrophages have, therefore, been culti-
vated in contact with collagen (1,2), fibrin (3), and elastin 
(4,5) so that the enzymology of the hydrolytic process can be 
better understood. In this chapter, we shall discuss the meth-
ods for preparing collagen substrates and also describe* the 
use of extracellular matrices produced by cultured connective 
tissue cells as substrates for stimulated macrophages. The ex-
tracellular matrices produced by cultured cells possess many 
of the structural characteristics of tissues and may therefore 
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be considered representative of the insoluble proteins that 
might be encountered by macrophages in the animal. In this 
regard, it is obviously important to study the degradation of 
mixtures of proteins in addition to working with purified sub-
strates because the proteins may interact in a manner which 
modifies their accessibility to and degradation by proteolytic 
enzymes. These methods have yielded data with mononuclear 
phagocytes from man, mouse, guinea pig, and rabbit, as well as 
established lines of macrophages (1-7), and related data have 
been obtained with fibroblasts and other cells (2,6,8). 

II. METHOD FOR PREPARATION OF NATIVE COLLAGEN GELS 

A. Introduction 

Labeled collagen films provide a useful substrate for 
investigating macrophage collagenolytic activity. 

B. Reagents 

1. Materials for Acetylating Collagen 
Collagen may be prepared from guinea pig skin by standard 

procedures (9) or purchased as soluble bovine skin collagen 
from Sigma, St. Louis, or Collagen Corporation (Vitrogen 100; 
2455 Faber Place, Palo Alto, California 94303; also available 
from Flow Laboratories, McLean, Virginia). [3H]Acetic anhydride 
(500 mCi/mmol) is purchased from Amersham, Arlington Heights, 
Illinois, l^C-labeled collagen is available from New England 
Nuclear, Boston, Massachusetts. 

2. Materials for Culture of Macrophages on Collagen Gels 
Tissue culture supplies are obtained from standard sources 

such as GIBCO. Enzymes used in analysis of collagenolysis and 
for activating collagenase are obtained from sources listed be-
low. 

C. Procedures 

1. Acetylation of Collagen with [3H]Acetic Anhydride 
The aim of this procedure is to label cold collagen by 

acetylating free amino groups of lysine (10). Lyophilized 
collagen (100 mg) is dissolved in 0.1 M acetic acid at 2 mg/ml. 
Immediately prior to the addition of the [̂ H]acetic anhydride, 
the pH of the collagen solution is brought to pH 8.9 by the 
addition of 1 M K2HPO4. The acetic anhydride (2 mCi) in ben-
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zene (2-3 ml) is added dropwise over a 2 hr period. The re-
action is carried out on ice and the pH maintained at 8.0 with 
1 N NaOH using a pH meter. After all the acetic anhydride is 
added, the solution is left to stir for 1 hr in ice. The pH 
is then adjusted to 4.0 with glacial acetic acid and the ben-
zene is removed. The acetylated collagen is dialysed against 
0.5 M acetic acid and then against distilled H20 with at least 
five changes to remove unincorporated label and tritiated ace-
tic acid, which is a by-product of the reaction. The product 
is then dialysed against 0.1 Ai acetic acid. The labeled col-
lagen is lyophilized and stored at -20°C. The final product 
should have a specific activity of approximately 1 yCi/mg col-
lagen. To reduce the background, it may be necessary to re-
purify the collagen by trichloroacetic acid/ethanol precipi-
tations followed by ultracentrifugation by the methods de-
scribed by Glimcher et al. (9). Alternatively, collagen may 
be labeled by the method of Means and Feeney (11). 

2. Preparation of Native Reconstituted Fibers from 
Radioactive Collagen 

The aim of this procedure is to prepare dried films of 
radioactive collagen that are resistant to nonspecific pro-
teinases at physiological temperatures, pH, and ionic strength 
(2). The collagen plates are prepared with acid-soluble col-
lagen labeled as described above. The 3H-labeled collagen is 
redissolved at 4 mg/ml in 0.1 M acetic acid and then dialysed 
against 0.05 M Tris buffer pH 7.6, containing 200 mM NaCl, 
after which it is clarified by ultracentrifugation (60 min, 
50,000 g). The collagen solution is diluted by addition of 
five volumes of sterile distilled water and 300 yl aliquots 
placed immediately in 16-mm diameter culture wells. The col-
lagen is allowed to form fibrils at 37°C for 2 hr and dry to 
completion for 48 hr in a dry incubator at 25°C under vacuum. 
The clear collagen layers are washed six times with sterile 
Hanks1 balanced salt solution and stored in 1-ml sterile Hanks1 

balanced salt solution containing antibiotics at 35°C until 
use (within 10 days). 

3. Culture of Macrophages on Collagen Films 
Before use, the radioactive collagen layers are again 

washed twice with Hanks1 solution and the cells plated onto 
the collagen layer. Usually 5-10 x 105 macrophages are plated 
on the collagen in Dulbecco's medium containing 10-20% fetal 
calf serum (with or without 60 yg soybean trypsin inhibitor 
per milliliter for 24-48 hr. Medium is monitored by counting 
100 yl aliquots in a scintillation counter to check for any 
collagen degradation. For the experiments, cell layers are 
washed six times with Hanks' then 1 ml of Dulbecco's medium 
supplemented with 0.2% lactalbumin hydrolysate. For assays of 
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collagenolysis, the liberation of radioactive peptides into 
the supernatant culture medium is observed. Cell-free control 
wells and samples containing trypsin (10 yg/ml) or bacterial 
collagenase (50 yg/ml) are used in every assay to measure 
blank counts, proteinase-sensitive counts, and total radio-
activity present in the system. 

Two procedures are used: (a) Secreted collagenase is 
accumulated on collagen and in medium for 24-72 hr at 37°C, an 
aliquot is counted, and the enzymes are then activated by the 
addition of 10 yg trypsin/ml (i.e., 10 yl of l· mg/ml) at 37°C 
for 10 min, followed by soybean trypsin inhibitor (10 yl of 
5 mg/ml). The activated collagenase is then followed by re-
moval of 50-yl aliquots at intervals of 1-6 hr. If desired, 
further synthesis of collagenase by the cells can be inhibited 
by the addition of cycloheximide (2 yg/ml) to the culture at 
the time of activation. This reaction should give linear re-
lease. (b) Trypsin (10 yg/ml) , plasminogen (1-200 nAf) , or 
other proteinases are added at the beginning of the experiments 
and aliquots (50-100 yl) removed at intervals for scintillation 
counting. 

III. METHOD FOR PREPARATION OF EXTRACELLULAR MATRICES 

A. Introduction 

The extracellular matrices produced by cultured cells 
contain mixtures of connective tissue proteins and are, there-
fore, useful tools in studying the total destruction of these 
proteins as it occurs in tissues. 

B. Reagents 

1. Ascorbic Acid 
Commercially available ascorbic acid is not pure and it 

may be necessary to purify it by recrystallization. A satu-
rated solution of ascorbic acid is made in boiling ethanol and 
filtered while hot through a fluted filter paper. The solution 
is then cooled to room temperature and concentrated to 75% of 
its original volume under a stream of nitrogen. The solution 
is filtered after standing overnight at -80°C and the crystals 
obtained are air-dried and stored in a desiccator at -20°C. 
A stock solution of ascorbic acid in phosphate-buffered saline 
(PBS) is made at a concentration of 5 mg/ml and stored at -20°C 
after dispensing in small aliquots. 
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2. Enzymes for Matrix Analysis 
All incubations with enzymes are carried out in 0.1 M 

Tris-HCl buffer pH 7.6 containing 10 mW CaCl2· Trypsin (Sigma, 
Type III) is dissolved in buffer at 200 yg/ml at 0°C and treat-
ed with 5 yg/ml elastin for 5 min to adsorb any possible elas-
tase contamination. The elastin is removed by centrifugation 
for 2 min at 2000 rpm followed by filtration through a 0.45-ym 
Millipore filter. Elastase (Worthington, Type ESFF) is also 
stored frozen at -80°C at a concentration of 200 yg/ml, but 
bacterial collagenase (Worthington, Type CLSPA) does not keep 
well as a frozen solution and is normally made up fresh for 
each experiment. Plasminogen is prepared by affinity chroma-
tography of plasma on lysine-Sepharose columns (12). (see 
Chapter 61.) 

3. Radiochemicals 
Radiochemicals such as L-[°H]proline (30 Ci/mmol) and 

L-[^H]fucose (3 Ci/mmol) are obtained from New England Nuclear, 
Boston, Massachusetts, or Amersham, Arlington Heights, Illinois, 
and diluted with tissue culture medium before addition to ma-
trix-producing cells. Tissue culture supplies are obtained 
from the usual suppliers. 

C. Procedures 

1. Derivation of Rat Smooth Muscle Cells 
Twelve hearts obtained from 3-day-old rats are excised 

and cut into small pieces with a pair of scissors. These 
pieces are washed twice in calcium- and magnesium-free phos-
phate-buffered saline (PBS) and trypsinized at room temperature 
in freshly prepared 0.1% trypsin (1:250; Difco, Detroit, Michi-
gan). The first harvest of cells, obtained after 10 min, is 
discarded. The next four successive 30-min harvests are col-
lected and the cells obtained by centrifugation. They are cul-
tured in Eagle's minimal essential medium containing 10% calf 
serum or fetal calf serum, 10% tryptose phosphate broth (Difco), 
penicillin (100 U/ml), and streptomycin (100 yg/ml). The cells 
are seeded into 75-cm2 tissue culture flasks (Falcon) at 4-5 x 
106 cells/flask and incubated in a C02 incubator (95% air/5% 
C02) at 37°C for 90 min. The supernatant medium is poured off, 
the attached cells are washed once, and fresh medium added. 
The cultures are passaged shortly before confluence at a ratio 
of 1:4, and the secondary cultures trypsinized and frozen in 
liquid nitrogen at approximately 1.5 x 106 cells/ 2/ ml vial in 
medium containing 10% dimethylsulfoxide. Each vial is used to 
establish one 75-cm2 flask and the cultures derived from the 
frozen stock cultures are then used for the production of ex-
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tracellular matrix over the next eight passages. Although the 
rat smooth muscle cells appear to have a long life-span in cul-
ture, there is, in general, a decrease in the amount of elastin 
produced with increased passage level (13). 

2. Derivation of Endothelial Cells 
Detailed methodologies for the culture of endothelial 

cells from human umbilical cord (14-16) and bovine aorta (17, 
18) have been described. Although these are the two most com-
mon sources of endothelium, endothelial cells have also been 
obtained from adult rat lung (19), swine aorta (20), bovine 
cornea (21), rabbit vessels (22), and guinea pig vessels (23). 
Endothelial cells are normally obtained by enzymatic treatment 
of the vessel with collagenase and/or trypsin solutions. Al-
ternatively, they may be scraped off the vessel with a swab or 
scalpel blade. 

The most common contaminants of such preparations are 
smooth muscle cells that are distinguishable from endothelial 
cells by their growth pattern. Endothelial cells grow as flat 
cells with a characteristic "cobblestone" pattern, whereas 
smooth muscle cells tend to be more spindle-shaped and to pile 
up on each other. Since bovine endothelial cells grow well 
when seeded at cloning densities, primary cultures may be tryp-
sinized and the cells seeded into 60-mm dishes at 100 cells/ 
dish. Colonies of cells growing with the characteristic cob-
blestone morphology may then be ring-isolated and cultured for 
matrix production. The cells should be identified as being of 
endothelial origin by the presence of Factor VIII antigen (14), 
which is considered to be a good marker for the phenotype. The 
endothelial cells may then be stored in liquid nitrogen and 
used for the production of basement membranes when required. 

3. Fibroblasts 
Cultures of human skin fibroblasts are generally avail-

able from tissue culture laboratories or medical genetics de-
partments. Fibroblasts from other primary origins such as 
mouse and hamster are easily established by standard tech-
niques. Alternatively, it is possible to use cell lines such 
as 3T3 for the production of extracellular matrix. All of 
these cell types may be cryopreserved in liquid nitrogen to 
ensure consistency of the matrix preparation. 

4. Production of Extracellular Matrices 

The extracellular matrix may be prepared in 16-mm tissue 
culture wells (Costar, Cambridge, Massachusetts), 35- or 60-mm 
culture dishes (Corning, or Falcon) or, alternatively, on 15-
or 25-mm plastic discs (Lux Scientific, Newberry Park, Califor-
nia) . To date we have experienced some difficulty in preparing 
matrices from cells growing on glass. The producer cells are 
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seeded into the required culture vessels at approximately 
3 x 104 cells/cm2 in the appropriate culture medium. Twenty-
four hours after seeding, daily treatments with ascorbic acid 
(25-50 yg/ml) are begun and medium is subsequently changed 
twice a week. Daily additions of ascorbic acid are essential 
for the appearance of insoluble collagen in the extracellular 
matrix. The unused ascorbic acid stock solutions should be 
kept at -20°C to prevent oxidation of the vitamin. Radioac-
tive precursors such as [3H]proline or [3H]fucose are normally 
added to the growth medium 3-5 days after seeding at concentra-
tions of 0.3 - 2 yCi/ml and replenished with each medium change. 

Most cell types produce an extracellular matrix within 14-
16 days after seeding. It is then necessary to remove the pro-
ducer cells and leave the connective tissue proteins anchored 
to the bottom of culture dishes. This may be achieved by lysis 
with nonionic detergents such as NP-40 (24), sodium deoxycho-
late (25), chelating agents (26), or ammonium hydroxide (7). 
Matrices prepared by sodium dodecyl sulfate treatment are not 
suitable for use as substrates for other cell types because the 
detergent can become strongly bound to connective tissue pro-
teins and is subsequently detrimental to the newly added cells. 
We have also found that nonionic detergents such as Triton X-
100 or chelating agents such as EDTA are ineffective in the re-
moval of cells from the dense multilayers of "tissue" formed by 
cultured smooth muscle cells. Therefore, whilst these methods 
may well be of value for cells which do not form such extensive 
quantities of matrix, we have concentrated on the use of 0.25 M 
NH^OH as a means of removing producer cells. Ammonium hydroxide 
(0.25 M) has a pH of approximately 10.6 so that it rapidly caus-
es cell lysis and because it is volatile it has the added advan-
tage that it is easily and completely removed from the matrix 
preparations. Therefore, this method is described in detail. 

Cell layers and associated matrix are washed twice with 
PBS and the cells lysed by the addition of 0.25 M NH40H for 30 
min at room temperature. The lysate is removed by aspiration 
with a Pasteur pipette linked to a vacuum reservoir and the ma-
trix washed extensively with a stream of distilled water fol-
lowed by 70% (v/v) ethanol. The matrix is then allowed to dry 
at 37°C and stored at room temperature of 4°C. 

The matrix produced by rat smooth muscle cells and human 
fibroblasts remains firmly anchored to plastic so that it is 
possible to wash it vigorously with a stream of water and etha-
nol. However, the basement membrane produced by many clones of 
bovine endothelial cells tends to float off the culture dish 
bottom following cell lysis with NH^OH. One can either select 
another clone in which the membrane does remain anchored to the 
plastic, or alternatively the endothelial cells can be grown on 
the matrix proteins previously produced by smooth muscle cells. 
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This increases the adhesion of the basement membrane to the 
bottom of the dish allowing its easy isolation. 

5. Production of Glycoprotein-Depleted Matrices 
Connective tissue glycoproteins and contaminating cellu-

lar proteins may be removed from the matrix preparations by 
pretreatment with trypsin. Matrices are washed with PBS and 
then incubated with 20 yg/ml trypsin (prepared as outlined in 
Section III. B. 2) in 0.1 M Tris-HCl pH 7.6 containing 10 mAf 
CaCl2. Incubations are for 5 hr at 37°C in a humid atmosphere, 
which is achieved in a desiccator containing a 100 mm Petri 
dish of water in the base. The progress of hydrolysis of 
radiolabeled matrices may be followed, if necessary, by remov-
ing aliquots of the supernatant fluid at various times for 
radioactivity determinations. The dishes are removed after 5 
hr, washed thoroughly with distilled water and air-dried at 
37°C. 

6. Compositional Analysis of Matrix Preparations 
The composition of radiolabeled extracellular matrices 

produced by cultured cells may be easily determined by sequen-
tial enzymatic hydrolysis with trypsin, elastase, and collagen-
ase. The importance of this technique is that it allows quan-
tification of not only the composition of the starting material, 
but also the composition of residual matrices at the end of an 
experiment, from which one can determine which components were 
digested from complex substrates. Matrices are treated sequen-
tially with trypsin, elastase, and collagenase in 0.1 Af Tris-
HCl pH 7.6 containing 10 mM CaCl2 (see Section III. B. 2) at 
37°C in a humid environment. Usually 2 ml of enzyme solution 
are used per 35-mm dish and the final enzyme concentration is 
10 yg/ml. An aliquot (50-100 yl) of the supernatant liquid is 
taken for radioactivity determinations after each 3 hr incuba-
tion and the matrix washed four times with PBS before the ad-
dition of the next enzyme. 

The residual matrix remaining after collagenase digestion 
is dissolved by overnight incubation in 2 Af NaOH at 37°C and 
the radioactivity present in the supernatant determined after 
neutralization of a 100 yl aliquot with HC1. The residual 
radioactivity should be less than 5% of the total radioactivity 
present and should always be determined to ensure the efficien-
cy of the earlier enzyme treatments. The total radioactivity 
present is calculated by summation of the amounts solubilized 
by each enzyme and by NaOH. 

It is also possible to determine directly the amount of 
protein solubilized by each enzyme by the method of Lowry et 
al. (27). For these experiments, PBS pH 7.6 containing 1 mAf 
CaCl2 is used instead of the 0.1 M Tris-HCl/10mM CaCl2 buffer, 
which interferes with the colorimetric reaction. The matrix is 
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treated sequentially with trypsin, elastase, and collagenase 
(10 yg/ml) in 1 ml of buffer. Samples (500 yl) of the super-
natants obtained after 3 hr incubation at 37°C with each en-
zyme are assayed. A blank containing enzyme alone at 10 yg/ml 
is run in each case. Bovine serum albumin incubated for 24 hr 
at 37°C with 10 yg/ml trypsin serves as a standard for the 
trypsin release; bovine Ligamentum nuchae elastin and rat tail 
collagen incubated with their respective degradative enzymes 
under the same conditions are used as standards for the elas-
tase and collagenase release. 

7. Culture of Macrophages and Other Cells on Matrix 
Preparations 

Matrices are sterilized by allowing them to stand in 70% 
ethanol for 10 min at room temperature followed by four washes 
with sterile PBS. Macrophages or other cell types are then 
added in the required growth medium and allowed to attach to 
the matrix preparations. If necessary, the nonadherent cells 
may be washed off after 3 hr and fresh medium added. The pro-
gress of matrix hydrolysis is followed by determining the a-
mount of radioactivity present in 50 yl samples of the super-
natant medium withdrawn at various times after plating. It 
may also be necessary to change the culture medium every 48-72 
hr in long-term experiments. 

At the end of the experiment, the medium is withdrawn and 
the macrophages washed once with PBS and then lysed by the ad-
dition of 1-2 ml of 0.25 M NH4OH for 30 min at room tempera-
ture. The lysate is aspirated off and the residual matrix 
washed with distilled water, 70% ethanol, and air-dried at 
37°C. The composition of the residual matrix may then be de-
termined by sequential enzyme digestion and compared with a 
control matrix that has been incubated with medium without 
added cells. 

IV. CALCULATION OF DATA 

A. Sequential Release Data 

Assuming that the rate of proteinase secretion is linear, 
that the enzyme is activated immediately, that it is stable 
throughout the experiment, and that it has a linear rate of 
hydrolysis, then the rate of release of radioactive peptides 
by macrophages growing on collagen or matrix is expressed by 

cpm released = jet2 

where A: is a constant related to secretion rate and t is time 
of incubation. Equivalent hydrolysis should then be obtained 
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for continuous hydrolysis by secreting cells (e.g., 48 hr) and 
for accumulated enzyme (e.g., 48 hr) if in the latter case the 
activated enzyme is incubated with substrate for a time of t/2 
(i.e., 24 hr). 

If multiple aliquots are removed, then the following 
corrections are necessary to determine total cpm (minus back-
ground) . If 50 y1 samples are removed from a starting volume 
of 1 mlT then (see tabulation) the total release at 

Net cpm/50 yl Total cpm 

1 100 100 x 1000/50 = 2000 

2 200 (200 x 950/50) + 100 cpm removed 
at t-L = 3900 

3 400 (400 x 900/50) + 200 + 100 = 7500 

i 
X {x± x [1000 - 50(i - l)]/50} + Σ X. 

1 x 

where i is the ith sample removed at time t-, . 

B. Calculation of Matrix Composition 

The composition of the extracellular matrix produced by 
cultured cells may be expressed in terms of the amount of 
radioactive precursor incorporated into each component that 
is subsequently sensitive to trypsin, elastase, and collagen-
ase. For example, it might be stated that 37% of the proline 
radioactivity present in the matrix produced by smooth muscle 
cells is trypsin-sensitive, 31% elastase-sensitive, and 31% 
collagenase-sensitive. This type of calculation is adequate 
for many experiments, since it allows for the determination 
of the percentage of each component digested by degradative 
cells during a defined period. 

However, it does not allow one to calculate the absolute 
amount of each component present because of the variable amino 
acid compositions of the relevant proteins. The calculation 
of the relative masses of each component requires a knowledge 
of the amino acid composition of the proteins. This may be 
obtained from the literature or by direct measurement of the 
composition of material released by the enzymes. The absolute 
specific radioactivity present in each component may also be 
determined by radioactivity and protein determinations of the 
material released by each enzyme. 
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The kinetics of hydrolysis of matrix preparations are 
relatively easily followed by the appearance of radioactivity 
in the supernatant medium. The residual radioactivity present 
in the matrix at the end of the incubation is also determined 
and, therefore, the results may be expressed as a percentage 
of the total radioactivity released as a function of time. 
If more detailed analysis is required, the absolute quantities 
of each component digested may be calculated as outlined above. 

V. CRITICAL COMMENTS 

The use of an extracellular matrix film for studying pro-
teolytic capacity of cells has many advantages, including the 
capacity to compare live cells under physiological conditions 
with purified enzymes produced by those cells. It is possible 
to evaluate extracellular, pericellular, and intracellular 
phases of the degradative events by manipulations of the sys-
tems including proximity of the cells to the matrix and the 
use of enzyme and metabolic inhibitors and activators. 

The collagen film procedure is interesting because it can 
be applied to other types of collagen, including basement mem-
brane and cartilage collagens. Its disadvantage is the rather 
small amounts of collagenase produced by macrophages. 

The use of cultured cells to produce a radioactive extra-
cellular matrix that can be used as a substrate for degradative 
cells has the following advantages: 

(1). Connective tissue proteins rarely occur as single 
components in vivo so that it is important that their digestion 
from mixtures be studied. 

(2). Many different connective tissue cell types have 
been successfully cultured so that it is not difficult to 
prepare a variety of extracellular matrices for comparative 
studies. 

(3). The ability to introduce the radioactive label bio-
synthetically rather than postsynthetically results in very 
high specific activities. 

(4). Specific components in mixtures may be labeled and 
the total degradation of the connective tissue proteins to the 
level of amino acids may be followed. 

(5). The use of sequential enzyme digestion to analyze 
the matrix proteins means that more quantitative studies can 
be done. 

(6). Large numbers of identical samples may be prepared 
from cryopreserved producer cells. 
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(7). Since the conditions of matrix production may be 
varied (e.g., by altering the addition schedule for vitamin 
C), the effects of such variations on the resistance of the 
matrix to hydrolysis may be easily approached. 

(8). The matrices may be prepared on plastic discs that 
may be floated above test cells so that the rate of digestion 
may be compared to that obtained when the cells are growing 
in direct contact with the matrix. 

The disadvantages of the system are as follows: 

(1). It is not always easy to assess quantitatively and 
qualitatively the degree of contamination of the matrix pre-
parations with intracellular components. The matrix prepared 
from smooth muscle cells contains about 1 yg of DNA/200 yg of 
matrix proteins, although this can be removed by treatment 
with DNase if necessary. We do not know the level of contami-
nation by other cellular components such as RNA or lipids, but 
large-scale contamination by intracellular proteins does not 
seem likely since little radioactivity is solubilized from the 
matrices by exhaustive extraction with SDS in the presence of 
mereaptoethanol and little cytoskeleton can be seen by scanning 
electron microscopy or immunofluorescence. If trypsin-pre-
treated matrices are used, contamination with other proteins is 
even less likely. 

(2). The exact characterization of the connective tissue 
glycoproteins in the matrices has not yet been accomplished. 

(3). Since some cultured cells, particularly chondro-
cytes, change the type of collagen synthesized with increased 
passage, it may be necessary to define the types of collagen 
present in the matrix. 

(4). The drying of the matrices may not be suitable for 
some experiments, especially scanning electron microscopy; how-
ever, this is not a necessary step in the preparative procedure 
and matrices may be stored wet in PBS until use. 

(5). The matrices do not appear to contain proteoglycans 
and are, therefore, deficient in one of the important constitu-
ents of the extracellular matrix. 

In spite of these reservations, the extracellular matrices 
produced by cultured cells should prove to be valuable in 
studies of connective tissue degradation. In general, the re-
sults are reproducible and duplicates do not usually vary from 
each other by more than 5%. One source of inaccuracy is that 
some of the collagenase-sensitive radioactivity becomes trypsin-
sensitive after long incubations. This is presumably due to 
collagen denaturation and is usually compensated for by running 
appropriate controls. 
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