its natural habitat. These compounds
could thus represent reliable cues signal-
ing the termination of a high-quality food
supply.
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Concomitant Elevations in Serum Sialyltransferase Activity and

Sialic Acid Content in Rats with Metastasizing Mammary Tumors

Abstract. Rats with transplantable spontaneously metastasizing mammary tumors
have elevated levels of both serum sialoglycoconjugate and serum sialyltransferase
activity compared with normal female rats or rats with various nonmetastasizing
mammary tumors. A direct relationship was observed between the amount of serum
protein-bound sialic acid and serum sialyltransferase activity in all rats studied. Se-
rum sialyltransferase activity in rats with a representative metastasizing mammary
tumor, SMT-2A, was also correlated with tumor age. Microsomes prepared from the
SMT-2A tumor have a sixfold higher sialyltransferase activity than do microsomes
prepared from the nonmetastasizing mammary tumor MT-W9B. Normal rat liver mi-
crosomes have the same level of activity as microsomes prepared from livers of ani-
mals with either SMT-2A or MT-W9B tumors. The data indicate that spontaneously
metastasizing mammary tumor cells have an increased production and release, per-
haps through cell surfuce shedding, of a sialyltransferase. It is suggested that this
sialyltransferase may increase the serum half-life of certain tumor-specific circulat-
ing glycoconjugates by increasing the content of protein-bound sialic acid and may
thereby play a role in the immune escape mechanism of metastasizing tumor cells.

Cell surface glycoconjugates and
glycosyltransferases have been impli-
cated in controlling cell division and in-
tercellular association in a variety of nor-
mal cell types. Alteration of such com-
ponents may lead to loss of growth
control (/). Increases in specific sialyl-
transferases have been observed in rat
(2) and human (3) mammary tumor tissue
as compared to normal breast tissue.
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Kim and Chatterjee observed that galac-
tosyltransferase, another specific gly-
cosyltransferase, is higher in sponta-
neously metastasizing rat mammary tu-
mors than in nonmetastasizing tumors
(4). These authors also found that non-
metastasizing mammary tumors have a
thick ruthenium red-stainable glycoca-
lyx surface coat, while metastasizing
mammary tumor cells lack this stainable

surface material. It has been suggested
that this difference is due to increased
turnover and shedding of membrane
glycoconjugate rather than to lack of pro-
duction of the material in the metastasiz-
ing tumors. Once shed, this material may
provide the tumor with an immune es-
cape mechanism by interfering with the
immune response of the host to the tu-
mor (5).

Besides containing surface glycoconju-
gates, mammary tumor cells may also
contain surface glycosyltransferases.
Bernacki (6) and Porter and Bernacki (7)
reported biochemical and electron micro-
scopic evidence for the presence of an ec-
tosialyltransferase on the surface of mu-
rine leukemic cells. Thus, an increase in
plasma membrane shedding might result
in an increase in serum sialyltransferase
activity. Elevated serum sialyltransfer-
ase activities have already been ob-
served in animals with a variety of tu-
mors, including mammary tumors (8), es-
pecially in women with malignant breast
tumors (9). In this report we compare sia-
lyltransferase (E.C. 2.4.99.1) activities
in the serum, liver, and tumors of W/Fu
rats with nonmetastatic and metastatic
mammary tumors. We conclude that the
increased serum sialyltransferase found
in rats with metastasizing mammary tu-
mors is provided by the tumor cells,
probably through tumor plasma mem-
brane shedding.

The induction of spontaneously me-
tastasizing and nonmetastasizing mam-
mary tumors by 3-methylcholanthrene
and the biological and biochemical prop-
erties of the resulting induced tumors
have been described (5). The representa-
tive non- or weakly immunogenic me-
tastasizing mammary carcinoma (SMT-
2A) and the nonmetastasizing, immuno-
genic mammary carcinoma (MT-W9B),
both induced with 3-methylcholanthrene
and maintained in the same strain of W/
Fu female rats, were selected for com-
parative studies since they are similar in
their degree of structural differentiation
and growth rate.

At appropriate times, normally after
the transplanted tumors have reached 1
to 2 cm in average diameter, or as other-
wise stated, the rats were anesthetized
with ether and the tissues (blood and liv-
er or tumor or both) removed and placed
on ice for later assessment of sialyltrans-
ferase activity. Blood was allowed to
clot and serum was obtained by centrifu-
gation. The serum was frozen at —20°C
and later assayed for sialyltransferase ac-
tivity by using desialylated (/0) fetuin
(GIBCO, Buffalo, N.Y.) or desialylated
human «;-acid glycoprotein as an accep-
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Fig. 1. Serum protein-bound sialic acid

plotted against serum sialyltransferase activi-
ty in female rats with nonmetastasizing (A) or
metastasizing (®) mammary tumors and in
controls (®). See Table 1.

tor. Fetuin, a fetal calf serum glycopro-
tein, has a number of different carbohy-
drate side chains that contain sialic acid
(/1) and may serve as an acceptor for a
number of different sialyltransferases. It
is assumed, however, that the majority
of the sialic acid that is transferred to de-
sialylated fetuin is covalently attached to
the terminal galactose residues of the
asparagine-linked carbohydrate side
chains. The addition of sialic acid to de-
sialylated «;-acid glycoprotein occurs on
a similar asparagine-linked carbohydrate
side chain. Prolonged storage of serum,
at either 4° or —20°C, was found to have
little effect on sialyltransferase activity.

The serum sialyltransferase activity of
rats with metastasizing mammary tu-
mors was elevated above that of normal
animals or animals with nonmetas-
tasizing mammary tumors (Table 1 and
Fig. 1). In general, animals with metasta-
sizing STMT-058, DMBA-4, or SMT-2A
tumors had exogenous serum sialyltrans-
ferase activities double those of rats with
nonmetastasizing MT-W9B, MT-W9A,
MT-66, or MT-100 tumors. A mean exo-
genous sialyltransferase activity of
2354 + 676 (standard deviation) dis-
integrations per minute (dpm) per 25 ul
per 30 minutes was calculated for rat se-
rum obtained from animals with these
nonmetastasizing tumors. This was simi-
lar to the control value of 2455 but signifi-
cantly different (P < .01, Student ¢-test)
from the mean value 0f 4942 + 661 calcu-
lated for serum obtained from rats with
metastasizing tumors. Animals with the
DMBA-4R tumor, a metastasizing tumor
that regresses spontaneously (Table 1),
had normal levels of both serum sialyl-
transferase and sialic acid. (Serum was
obtained from these animals after tumor
regression was evident.)

Endogenous activities were low in all
cases, although they were somewhat
higher and more variable in serum ob-
tained from animals with metastasizing
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tumors. A mean value of 55.4 = 18.9
was obtained for endogenous serum sia-
lyltransferase activity for rats with non-
metastasizing tumors. This was slightly
higher than the control value (40) but sig-
nificantly different (P < .1) from the en-
dogenous serum activity for rats with me-
tastasizing tumors (145 = 83). Since
desialylated serum glycoproteins are rap-
idly cleared from the serum by the liver
(12) one would not expect nor did we
measure any appreciable amount of en-
dogenous sialyltransferase activity in
normal serum (Table 1). Graphing total
serum sialic acid against serum sialyl-
transferase showed a relatively linear
relationship between the two parameters
(Fig. 1). Whether they are directly re-
lated will be discussed later in light of
Ashwell and co-workers’ (12) findings of
rapid clearance of desialylated plasma
glycoproteins. It is also interesting to
note (Fig. 1) that the differences in serum
sialyltransferase activity between ani-
mals with metastasizing tumors and
those with nonmetastasizing tumors are
larger and more easily discernible than
the differences in serum sialic acid con-
tent. A mean value of 674 = 128 mg/liter
was calculated for serum sialic acid in
rats with nonmetastasizing tumors. This
was similar to the control value of 678
and much lower than the mean value of
816 = 135 calculated for rats with me-
tastasizing tumors. Although the differ-
ence between the means was large, it
was not statistically significant because
of the large variation in estimating sialic
acid. Therefore sialyltransferase assays
appear to provide a more sensitive mea-

Table 1. Serum sialyltransferase and sialic
acid content. Assays are described in (/7).
Metastasizing capacity is denoted by 0 (non-
metastasizing) or + (metastasizing), as deter-
mined by morphological examination of vari-
ous host organs (5).

Serum sialyl-
Metas-  transferase  Gerum
Tumor  1SiZ- ngplm per, sialic
type ing mlper acid
capac- minutes) (mg/
ity Endog- Exog- liter)
enous enous
Control 40 2455 678
MT-W9B 0 60 2610 717
MT-W9A 0 43 1521 630
MT-66 0 60 2660 710
MT-100 0 46 1662 605
DMBA-4R* + 41 1699 595
STMT-058 + 143 5031 807
DMBA-4 + 80 4877 802
SMT-2A + 279 4769 840

*This tumor is a subline of DMBA-4 and metasta-
sizes equally well; but the tumor, including metastat-
ic lesions, regresses spontaneously when the prima-
ry tumor becomes approximately 2 cm in diameter.

Table 2. Microsomal sialyltransferase activity
(0).

Exogenous sialyltrans-
ferase (dpm per 25 ul

Host per 30 minutes)

state 5 b
. ay ay
Tissue 21 42
Control Liver 100* 100
Nonmetastasizing  Liver 86 77
MT-W9B Tumor 16 8
Metastasizing Liver 113 89
SMT-2A Tumor 23 48

*Activity of normal rat liver microsomes was set as
100 percent and the activities of the other tissues
were compared with it. Normal liver microsomes ex-
hibited a specific activity of 70,031 dpm per milli-
gram of protein per 30 minutes. Enzyme activity was
enriched two- to fourfold in the microsomal fraction
of both liver and tumor compared to the initial ho-
mogenates (data not shown).

sure of the metastasizing capacity of tu-
mor cells than do determinations of se-
rum sialic acid content.

To find out whether increased serum
sialyltransferase activities were related
to tumor age or size, blood samples were
collected weekly from the orbital veins
of three rats with MT-W9B tumors and
three rats with SMT-2A tumors. Serums
were assayed for both sialyltransferase
activity and sialic acid content (Fig. 2, A
and B). Both serum sialyltransferase and
serum sialic acid began to increase in
rats with the SMT-2A tumor during the
third week after tumor transplantation.
At this point the tumor began to establish
metastatic colonies in regional lymph
nodes and perhaps to increase its own ca-
pacity for producing sialyltransferase
(Table 2) and sialylated glycoproteins.
At 21 days MT-W9B was twice as large
as SMT-2A (24.3 and 12 mm in mean di-
ameter, respectively). At 42 days both
primary tumors were about the same size
(~ 34 mm), but by this time SMT-2A had
metastasized widely and its total volume
was two to three times greater than that
of MT-WOB. As SMT-2A increased in
size the serum sialyltransferase and sia-
lic acid levels increased, and kept in-
creasing until the animals died (~ 45
days). Little or no increase was observed
in animals with nonmetastasizing mam-
mary tumors during the same period.

Since the liver is the main source of se-
rum glycoproteins and thus a potential
source of serum sialyltransferase, we
compared liver and tumor microsomal
sialyltransferase activity in rats with
MT-W9B and SMT-2A tumors. Micro-
somes from liver or tumor (or both) from
normal animals and animals with SMT-
2A or MT-W9B tumors were prepared as
previously described for liver (13). Tis-
sues were washed in ice-cold saline,
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minced, and homogenized in three vol-
umes of ice-cold 0.154M KCl by use of a
Potter-Elvehjem homogenizer with a Tef-
lon pestle. The resulting crude micro-
somal preparations containing Golgi and
some plasma membrane were used as the
enzyme source for sialyltransferase ac-
tivity. The results in Table 2 show that
liver microsomal sialyltransferase activi-
ty either remains the same or decreases
in rats after tumor implantation, and be-
comes elevated over time only in the me-
tastasizing mammary tumor, SMT-2A.
The sialyltransferase activity of the me-
tastasizing tumor more than doubled be-
tween 21 and 42 days after implantation,
and was six times higher than that of the
nonmetastasizing tumor at 42 days after
implantation. Therefore we assume that
the metastasizing tumor itself is the
source of serum sialyltransferase appar-
ent from the third week after tumor im-
plantation.

Increases in serum sialic acid, due
largely to «,-acid glycoprotein, in inflam-
mation and advanced cancer were docu-
mented some time ago (/4). We have con-
firmed these observations with metasta-
sizing mammary tumors in rats and have
correlated the increase in serum sialic
acid with an increase in serum sialyl-
transferase, originating, in all likelihood,
from the tumor itself. We now speculate
on the mechanism of reiease of such tu-
mor sialyltransferases and their possible
physiological function.

Sialyltransferases are normal com-
ponents of Golgi membranes and are lo-
cated within Golgi vesicles, since deter-
gent treatment has been shown to en-
hance enzyme activity (I5). Gly-
cosylation of most proteins and lipids oc-
curs within these vesicles. Then per-
haps, as a result of vesicle fusion with
plasma membranes in the course of mem-
brane biogenesis or in the secretion of in-
tracellular material, sialyltransferases
and glycosylated proteins and lipids be-
come incorporated into the cell’s sur-
face. We have obtained ultrastructural
evidence for the existence of such en-
zymes and substrates on cell surfaces (6,
7), and it is conceivable that they are
shed into the general circulation along
with other cell surface antigenic frag-
ments, which are released in large quan-
tities from this metastasizing mammary
tumor (5). It is believed that these frag-
ments interfere with host’s immune re-
sponse to the tumor, enabling the tumor
to spread ¢, 5).

Elevated levels of cellular sialyltrans-
ferase may have a physiological role in
lengthening the half-life of glycoconju-
gates shed from the surfaces of tumor
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cells by increasing their sialic acid con-
tent, which would result in decreased
plasma clearance rates (/2). Recently,
Waxman et al. (16) found an increase in
vitamin B, binding protein and sialyl-
transferase in the serum of patients with
hepatomas. They attributed these in-
creases to hypersialylation and secretion
of B, binding protein and sialyltransfer-
ase by the hepatoma. The hyper-
sialylated glycoprotein is slowly cleared
from the plasma. Accordingly, sialylated
antigens shed into the plasma from mam-
mary tumor cell surfaces may play a role
in the immunological escape mechanism
for metastasizing tumor cells. Alterna-
tively, the physiological role for elevated
cellular or circulating sialyltransferases
in tumorigenesis may be sialylation of ex-
tracellular substrates. This is less likely
since cytidine monophosphate (CMP)-
sialic acid was found to be rapidly hydro-
lyzed in serum and no free sialic acid was
detectable in serum (/7).

1000F A

800

Serum sialic acid (mg/liter)

200r B

50

Serum sialyltransferase activity (% of control)

0 L s S r

0 7 14 21 28 35 42

Day after transplant

Fig. 2. (A) Serum sialic acid and (B) serum
sialyltransferase activity after implantation of
either metastasizing (®) or nonmetastasizing
(°) mammary tumors. Each data point is the
average of three assays performed in dupli-
cate on individual blood samples drawn from
three different animals.

Finally, it was observed that serum sia-
lyltransferase activity and serum pro-
tein-bound sialic acid in rats are related.
Increases in both parameters were ob-
served in rats with spontaneously me-
tastasizing mammary tumors but not in
rats with nonmetastasizing mammary tu-
mors. Metastasizing mammary tumors
show an increased production of sialyl-
transferase and therefore are the most
likely source of the increased serum sia-
lyltransferase.
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Visual Detection of Cryptic Prey by Blue Jays (Cyanocitia cristata)

Abstract. Blue jays learned to respond differentially to the presence or absence of
Catocala moths in slides. This detection of the moths by the jays was affected by the
background upon which the moth was placed and its body orientation, thus providing
an objective measure of crypticity. These procedures are useful for the study of visu-

al detection of prey.

The visual searching behavior of pred-
ators is affected by the density, cryptici-
ty, and oddity of prey (I, 2). However,
the effects of these variables often have
been difficult to isolate because of prob-
lems in controlling factors such as prey
preferences, novelty, or the relative ease
of capture of particular prey items (3).
We have developed a new technique for
the study of prey detection based on
complex discrimination  procedures,
which provides excellent experimental
control of these factors. Here we report
data on the detection of cryptic, barklike
Catocala (Noctuidae) moths by the blue
jay (Cyanocitta cristata), an avian preda-
tor that commonly hunts them 4).

Catocala moths are active during the
night, spending the daylight hours rest-
ing on appropriate substrates. Sargent
4, 5) has identified two aspects of the
resting behavior of Catocala moths
which probably affect their crypticity.
The moths select resting substrates that
match the reflectance of their forewings
and adopt species-typical body orienta-
tions on the substrate by which they ap-
pear to align their disruptive markings
with those of the substrate. However,
there is little direct evidence that these
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behaviors affect a natural predator’s abil-
ity to detect the moths (6).

The technique we have developed is
based upon procedures used in the study
of concept formation in pigeons (7). We
first trained blue jays to respond differ-
entially to the presence and absence of
moths in projected images. After this
task was learned the jays were tested
with a wide variety of different slides.
Their responses provided a measure of
the effects of substrate choice and body
orientation of the moths on the ability of
the jays to detect the moths.

Six blue jays, obtained locally when 10
to 12 days old and hand-raised in the lab-
oratory, were subjects. The birds were
maintained at 80 percent of their free-
feeding weight throughout the experi-
ment. The apparatus was a modified Le-
high Valley Electronics pigeon chamber.
A food magazine was located centrally
on the intelligence panel, with an 11.4 by
7.5 cm stimulus key mounted to the left
of the magazine and a round changeover
(CO) key 2.54 cm in diameter mounted to
the right. Slides could be projected upon
the stimulus key by a programmable Ko-
dak Carousel projector mounted behind
the panel. Reinforcement consisted of

halves of Tenebrio larvae delivered into
the magazine by a Davis universal feeder
mounted on top of the chamber. A wood-
en perch was located parallel to and in
front of the intelligence panel.

Throughout the experiment positive
slides contained the image of a moth and
negative slides contained no moth. Each
trial began with illumination of the CO
key with red light. When the CO key was
pecked once, an image was projected up-
on the stimulus key, and the display oh
the CO key changed to a white cross on a
black background. If the projected slide
was positive, ten pecks at the stimulus
key (correct response) resulted in rein-
forcement. Reinforcement was followed
by a 10-second intertrial interval (ITI) to
allow ingestion of the reward before the
next trial began. A peck at the CO key on
positive trials (incorrect response) pro-
duced a 60-second ITI. On negative tri-
als, the tenth peck at the stimulus key (in-
correct response) was followed by a 60-
second ITI, but a peck at the CO key
(correct response) produced a 4-second
ITL

Slides were prepared in matched pairs,
identical except for the presence or ab-
sence of a moth, by pinning a dead moth
into position, taking a picture of the
scene, then removing the moth and tak-
ing another picture. Three species of
barklike moths were photographed:
Catocala cara (dark brown forewings
with a faint disruptive pattern of brown
lines), C. retecta (gray forewings with a
prominent disruptive pattern of brown
lines), and C. relicta (white forewings
with prominent stripes of black and
gray). Catocala retecta and C. cara ap-
pear most cryptic on gray-brown bark
and typically rest in a head-down posi-
tion, while C. relicta appears most cryp-
tic on white birch bark and rests head up.
Three separate sets of matched pairs of
slides were used. Set 1 consisted of 60
slides, taken indoors, of upright logs to
which dead moths were pinned. Set 2
consisted of 60 slides taken outdoors in a
lightly wooded area. Sets 1 and 2 were
counterbalanced so that each species of
moth appeared on both oak and white
birch, at three subject-to-camera dis-
tances (0.6, 1.2, and 2.4 m). Set 3 con-
sisted of 270 slides taken in a lightly
wooded area and counterbalanced so
that each species appeared once on oak,
white birch, and a nonbark surface, in
each of three orientations (head up, head
down, and horizontal), at each of five dis-
tances (0.6, 1.2, 2.4, 3.6, and 4.8 m). In
all sets, the quadrant of the slide in
which the moth appeared varied ran-
domly.
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