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Isolation of a Cartilage Factor That 

Inhibits Tumor Neovascularization 

Abstract. A cartilage fraction isolated by guanidine extraction and purified by af- 
finity chromatography inhibits tumor-induced vascular proliferation and consequent- 
ly restricts tumor growth. This fraction contains several different proteins; the major 
one has a molecular weight of about 16,000. The fraction strongly inhibits protease 
activity. 
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Inhibits Tumor Neovascularization 

Abstract. A cartilage fraction isolated by guanidine extraction and purified by af- 
finity chromatography inhibits tumor-induced vascular proliferation and consequent- 
ly restricts tumor growth. This fraction contains several different proteins; the major 
one has a molecular weight of about 16,000. The fraction strongly inhibits protease 
activity. 

Tumor-induced neovascularization is 
inhibited by neonatal cartilage and tumor 
growth is thereby restricted (1). We now 
report isolation and partial purification of 
a cartilage fraction that inhibits the vas- 
cularization of tumors. 

Segments of cartilage 1.5 by 8 cm were 
excised from the distal tips of scapulae of 
calves less than 2 weeks old and extract- 
ed in lactated Ringer solution or in 1M 
guanidine hydrochloride (0.02M MES, 
pH 6) for 24 hours at room temperature. 
Sorgente et al. showed that a IM guani- 
dine extract has protease inhibitory activ- 
ity, and they suggest that this activity 
may be responsible for cartilage avas- 
cularity (2). 

Extracts were dialyzed exhaustively 
against water at 4?C and centrifuged. The 
supernatant was lyophilized and fraction- 
ated. Sixteen fractions were obtained. 
The first was an aqueous extract from 
lactated Ringer solution. The remaining 
15 were obtained from guanidine ex- 
tracts. Five of these came from Seph- 
adex G-100, three from G-200, six from 
ammonium sulfate precipitation, and one 
from the trypsin affinity column. All frac- 
tions were dialyzed exhaustively against 

Tumor-induced neovascularization is 
inhibited by neonatal cartilage and tumor 
growth is thereby restricted (1). We now 
report isolation and partial purification of 
a cartilage fraction that inhibits the vas- 
cularization of tumors. 

Segments of cartilage 1.5 by 8 cm were 
excised from the distal tips of scapulae of 
calves less than 2 weeks old and extract- 
ed in lactated Ringer solution or in 1M 
guanidine hydrochloride (0.02M MES, 
pH 6) for 24 hours at room temperature. 
Sorgente et al. showed that a IM guani- 
dine extract has protease inhibitory activ- 
ity, and they suggest that this activity 
may be responsible for cartilage avas- 
cularity (2). 

Extracts were dialyzed exhaustively 
against water at 4?C and centrifuged. The 
supernatant was lyophilized and fraction- 
ated. Sixteen fractions were obtained. 
The first was an aqueous extract from 
lactated Ringer solution. The remaining 
15 were obtained from guanidine ex- 
tracts. Five of these came from Seph- 
adex G-100, three from G-200, six from 
ammonium sulfate precipitation, and one 
from the trypsin affinity column. All frac- 
tions were dialyzed exhaustively against 

1.0 - 
E 
c 
0 

) 0.8- 

7) 0.6 
z 
LU 

< 0.4 
0 

L 0.2- 
0 

1.0 - 
E 
c 
0 

) 0.8- 

7) 0.6 
z 
LU 

< 0.4 
0 

L 0.2- 
0 

0- 0- 

.01 N HCI 

4 
.01 N HCI 

4 

r i i i 

0 20 40 60 80 100 

FRACTION NUMBER 

Fig. 1. Purification of protease inhibitor from 
cartilage by a trypsin-Sepharose affinity col- 
umn. The column (1.5 by 15 cm) was equili- 
brated with buffer (0.05M tris, 0.5M NaCl, 
pH 8). The sample (1.45 g of guanidine ex- 
tract of cartilage in 43 ml of buffer) was added 
at fraction 1, and buffer was added at fraction 
7. The flow rate was 23 ml/hour at 4?C. 
Fractions of 7 ml were collected. High pro- 
tease inhibitory activity was found in the HC1 
eluate. 
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water at 4?C, passed through 0.45-,tm 

Millipore filters, and lyophilized. Sterile 

technique was followed thereafter. 

Affinity chromatography with trypsin- 
Sepharose was used to purify the carti- 

lage protease inhibitor. The affinity col- 
umn was prepared as described by 
March et al. (3). We used 0.5 g of tryp- 
sin and 30 ml of packed Sepharose. 
Guanidine extract was passed over the 

affinity column, and the column was 
washed with buffer, distilled water, and 
0.01N HC1 (Fig. 1). The HCI eluate con- 
tained very high trypsin inhibitory activi- 

ty. It migrated as one major and several 
minor bands on acrylamide (15 per- 
cent) slab gel electrophoresis. The major 
band fell between markers of myoglobin 
(molecular weight, 17,800) and egg white 

lysozyme (molecular weight, 14,400) on 
the gel. Approximately 500 g of cartilage 
produced I mg of this fraction. 

Slow release polymers were made by 
mixing 5 mg of each dry fraction with 100 
.k1 of 10 percent Elvax 40 (4) (an ethyl- 

ene-vinyl acetate copolymer, 40 percent 
vinyl acetate by weight) in methylene 
chloride. The resulting dispersion was 
dried under vacuum, cut into l-mm3 pel- 
lets, and coated with a thin film of pure 
polymer. Polymer pellets containing 
lysozyme, alkaline phosphatase, and soy- 
bean trypsin inhibitor were prepared in 
identical fashion and tested in vitro to 
calibrate release rates and to ascertain 
that biological activity was not de- 

stroyed. Using agar gel diffusion assays 
(5), we found that polymers containing 
each of the three compounds released 
more than 100 ng/day of biochemically 
active material into aqueous media for 

periods longer than 100 days. 
Implants of V2 carcinoma produce a 

neovascular response in the normally 
avascular rabbit cornea (6). Using this as 

a bioassay for tumor-induced vasculari- 

zation, we assessed the inhibitory effect 

of 16 different fractions. Pellets of poly- 
mer and pieces of V2 carcinoma were 

placed into corneal pockets (Fig. 2A). 
The tumors grew as thin plaques, induc- 

ing vessels to sprout from the edge of the 

cornea 4 to 6 days after implantation. 
Vessel length and tumor diameter were 

measured four times each week by 
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Fig. 2. (A) Schematic diagram of rabbit cornea 
with tumor and polymer. (B) Photograph of the 
lower third of a rabbit cornea containing tumor 
and polymer [12 days with inhibitor (the HCI 
eluate described in Fig. 1)]. Vessels are sparse 
and fail to grow in a zone surrounding the 
polymer. The tumor has not become vascular- 
ized. (C) Cornea containing tumor and poly- 
mer (12 days without inhibitor). Vessels 
appear as a dense carpet sweeping over the 
polymer. At this time, the tumor has already 
vascularized and is growing rapidly compared 
to that shown in (B) (- x 7). 

means of a calibrated slit-lamp stereo- 
microscope (accuracy, ? 0.1 mm). For 
each test fraction at least 12 corneas and 
an equal number of controls with identi- 
cal tumor and empty polymer were used. 

Tumor that was placed 2.5 mm from 
the edge of the cornea induced vessel 
growth rates nearly identical to those re- 
sulting from tumor and empty polymer. 
Empty polymer caused neither inflamma- 
tion nor vessel growth. Of the 16 frac- 
tions tested, 8 caused severe inflamma- 
tion, thereby preventing assessment of 
inhibitory activity. The remaining frac- 
tions were noninflammatory, and all ex- 
cept the HC1 eluate from the affinity col- 
umn had the same vessel growth rates as 
their controls. 

Results obtained with the HCI eluate 
were highly significant. Vessel growth 
rates for 16 control and 21 experimental 
corneas with this fraction (Fig. 3) were 
nearly identical during the first week after 
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the onset of neovascularization. During 
the second week, the rate of vessel 
growth in eyes with inhibitor was less 
than one-half that of the control group. 
By the third week of exposure to inhib- 
itor, the tumor-induced vessels grew at 
one-third the rate of the controls and 
some vessels regressed (a t-test com- 
paring controls to inhibitors in both the 
second and third weeks gave P < .01). 

When polymers were empty, vessels 
appeared as a dense carpet sweeping 
over the polymer toward the tumor (Fig. 
2C). When vessels penetrated the tumor, 
it grew rapidly into a large protruding 
mass occupying nearly the entire cornea, 
and necessitated killing the rabbits. 
In three rabbits, this stage was reached 
as early as the second week, and all rab- 
bits with control polymers were dead by 
the third week. Very similar results were 
obtained when polymers containing frac- 
tions without inhibitory activity were 
tested. 

By contrast, when inhibitor was pres- 
ent, vessels were sparse, grew slowly, 
and failed to grow in a zone surrounding 
the polymer (Fig. 2B). By the fourth 
week many vessels were regressing, and 
ten of the 21 tumors never became vas- 
cularized. Of those which were vascula- 
rized, vessels penetrated the tumor at a 
site remote from the inhibitor zone. 

These studies show that a partially pu- 
rified cartilage factor isolated by affinity 
chromatography will inhibit tumor-in- 
duced vascular proliferation and thereby 
restrict tumor growth. These data sup- 
port the general concept (7, 8) that (i) 
solid tumors pass through an avascular 
and a vascular phase and (ii) preventing 
tumors from achieving the vascular 
phase may be an effective approach by 
which to bring about tumor dormancy. 
This approach to inhibition of tumor 
growth is unique because it operates at 
the level of tumor vessels rather than tu- 
mor parenchyma, and because the inhib- 
itor is isolated from a normal tissue. 

The use of a noninflammatory polymer 
capable of releasing macromolecules 
over a prolonged period was critical to 
these experiments. This was true be- 
cause fractions diffused away from the 
implant site rapidly and because minute 
quantities of inhibitor were available for 
testing. 

Some tumors eventually became vas- 
cularized even in the presence of inhib- 
itor. This occurred at a site remote from 
the polymer. One might hypothesize that 
the inhibitor diffused into a small zone 
around the polymer. A vessel growing 
through an area remote from this zone 
could reach the tumor successfully, al- 
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Fig. 3. Rate of capillary growth in 21 eyes with 
inhibitor (HCI eluate, Fig. 1) and 16 controls. 
Rates were determined by weekly differences 
in the length of the longest vessels. Calcu- 
lation of rates began at the onset of neovascu- 
larization, which occurred 5 + 1 days after 
implantation for each of the 37 corneas. 0, 
Vessel growth rates in the absence of inhibitor. 
All rabbits were dead by the end of the third 
week. 0, Vessel growth rates when inhibitor 
was present. By the fourth week some vessels 
were regressing. 

though more time would be required be- 
cause of the greater distance. Further- 
more, over the time course of the experi- 
ment, the polymer is releasing a 
diminishing, or at best constant, amount 
of inhibitor, and is confronted by a gradu- 
ally spreading tumor with an increasing 
capacity to stimulate vessels. 

Slit-lamp observations showed no ad- 
verse effect of the polymer-inhibitor com- 
bination on the avascular tumor itself. 
Histologic sections showed healthy tu- 
mor cells at the interface between tumor 
and polymer. Furthermore, the polymer- 
inhibitor did not retard growth of either 
V2 carcinoma or virus-transformed NIH 
3T3 cells in culture. 

The mechanism of inhibition of neo- 
vascularization by this cartilage material 
is unknown (9). These data do not pro- 
vide any evidence that this inhibitor 
blocks tumor angiogenesis factor (7) di- 
rectly. Furthermore, there is no evi- 
dence that this inhibitor is specific for tu- 
mor-induced vessels. Other forms of neo- 
vascularization (inflammation or wound 
healing) may also be inhibited. It is un- 
clear whether antiprotease activity plays 
a role in this inhibition. It remains to be 
seen whether systemic administration of 
this inhibitor will suppress tumor neo- 
vascularization in a manner similar to 
that demonstrated here by local delivery. 
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Department of Surgery, 
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Conditioning of Pleurobranchaea Conditioning of Pleurobranchaea 

The development of the mollusk 
Pleurobranchaea californica as a prepa- 
ration for the study of brain-behavior 
relationships was a notable achievement 
of Davis and Mpitsos (1). Pleuro- 
branchaea has large identifiable nerve 
cells, has complex behaviors (2), and can 
be studied as a "whole-body prepara- 
tion" in which electrophysiological ma- 
nipulations can be performed on the ner- 
vous system of an animal with almost 
complete freedom of action (3). Reports 
of conditioning with this species are, 
therefore, of considerable interest be- 
cause they suggest the possibility of a 
neurophysiological analysis of learning 
at the cellular level. 

The recent report of Mpitsos and Col- 
lins (4) and an earlier report of Mpitsos 
and Davis (5) are concerned with this 
problem, but should not yet be accepted 
as incontrovertible proof that Pleuro- 
branchaea is capable of higher forms of 
learning. In the earlier work, on classical 
conditioning (5), the unconditioned stim- 
ulus (US) and conditioned stimulus (CS) 
were combined. A glass rod (providing 
the CS) was dipped into a liquid food sub- 
stance (squid homogenate, the US) and 
then stroked on the chemosensitive oral 
veil. Although the response of the experi- 
mental group was appropriate for classi- 
cal conditioning, a likely alternative ex- 
planation for the results is sensitization. 
Findings suggesting sensitization are that 
the CS occasionally (4.5 percent of the 
time) produced the same response as the 
US and that control subjects, with sepa- 
rate presentation of CS and US, showed 
a marked increase in response. The con- 
trol groups used by the authors-CS 
alone, and CS alone followed in 3 to 4 
hours by US alone-were inadequate to 
eliminate sensitization as an explanation. 
The required control group to demon- 
strate true classical conditioning is one in 
which the US and CS are presented alter- 
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nately; and, in such controversial experi- 
ments as these, additional control proce- 
dures would be valuable. 

Two other weaknesses of the experi- 
mental design should be noted. A particu- 
larly serious problem was the short inter- 
trial interval, which was 30 to 60 sec- 
onds. We have observed, in attempting 
to replicate this experiment and in other 
work (6), that squid-elicited feeding re- 
sponses last on the order of 30 to 60 sec- 
onds, or even longer. Therefore, the un- 
conditioned response of the previous tri- 
al might often have occurred during the 
CS of the following trial. Another proce- 
dural difficulty was that the US used for 
the controls was not the same as that 
used for the experimentals because it 
was delivered by "decanting in the vicini- 
ty of the oral veil" rather than being car- 
ried directly to the surface of the oral veil 
by the rod. The CS also was not the 
same, since it would have a different tex- 
ture due to the squid homogenate. 

In the Mpitsos and Davis report (5) an 
avoidance conditioning procedure was 
described. Animals previously "condi- 
tioned" were subsequently divided into 
two groups: an avoidance group, in 
which animals failing to withdraw within 
5 seconds after rod stimulation (previous 
CS) were shocked, and a control group 
which received a series of shocks fol- 
lowed in 2 to 3 hours by the CS test stim- 
uli. Here again, the control group used 
was not appropriate. For a control, the 
shocks should have been alternated with 
the CS so that one could see if the avoid- 
ance contingency and not just the gener- 
al effect of the shocks was the factor in 
decreasing the response. 

One possible alternative explanation 
for the results that the authors cited was 
that the decreased feeding rate was 
caused by short-term shock-induced inhi- 
bition. This is a likely alternative ex- 
planation and the only argument that the 
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authors can make on this point is that the 
depressed feeding rate-for two sub- 
jects-persisted for 4 days during a con- 
trol procedure involving touch alone. 
Even if more subjects were used, this ma- 
nipulation still would not provide the rig- 
orous kind of evidence that appropriate 
control groups would, and it does not 
necessarily have a bearing upon other 
possible explanations. Furthermore, 
even if the experiment were improved 
with proper control groups, what would 
be demonstrated is only the facilitation 
of the extinction of a classically con- 
ditioned-or perhaps, sensitized-re- 
sponse. 

In the more recent report (4), an "aver- 
sive conditioning" paradigm was used. 
The entire training consisted of ten trials 
spaced 1 hour apart. On each trial, the 
subject was presented with squid homog- 
enate and was immediately shocked if it 
responded with the usual response of a 
bite or strike. This is very clearly a pun- 
ishment procedure. However, there was 
an additional contingency: if there was 
no bite or strike, or "sustained" with- 
drawal response within 180 seconds, 
then a shock was delivered at the end of 
this 180-second period. This is clearly an 
avoidance contingency in which the re- 
sponse is a withdrawal and the warning 
signal is the squid stimulus. 

Claims by the authors that these proce- 
dures particularly "resemble" classical 
conditioning are misleading. All signaled 
avoidance paradigms, not just this one, 
have some elements in common with 
classical conditioning. The procedure is 
instrumental conditioning (actually a 
combination of two paradigms), because 
the subject's response determines the oc- 
currence of the reinforcer. 

Let us now consider whether the au- 
thors have rigorously demonstrated a be- 
havioral change classifiable as "condi- 
tioning." First of all, there seems to be 
some inconsistent information regarding 
the control procedure. Controls "re- 
ceived as much stimulation" as the ex- 
perimentals, "but they were given food 
and shock alternately (unpaired) every 
half hour." Note that experimentals 
were not always shocked and there was 
some variability in the shocking proce- 
dure: "contact was often unavoidable." 
We have found that the exact location of 
electrodes can have a profound effect on 
the efficacy of the shock. Were these fac- 
tors taken into consideration when the 
controls were run? Another point is that 
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although the "observations were con- 
ducted blind," the person presenting the 
shocks had to be aware of the contin- 

gencies, and, because of the variable na- 
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