
2DG infusion (11, 13). This result might 
be expected if cells in the spots receive 
inputs from neurons with high spontane- 
ous activity (for example, from the 
LGN) or  if these regions had a higher 
endogenous metabolic activity than sur- 
rounding regions. The V2 strips seem to 
behave similarly in this kind of 2DG 
experiment. Both macaque and squirrel 
monkeys that viewed a blank screen or 
total darkness during 2DG infusion 
showed a slightly higher uptake of 2DG 
in the strips of high cytochrome oxidase 
activity. The idea that regions of high 
cytochrome oxidase activity in V1 and 
V2 also have higher metabolic activity is 
supported by electron microscopic evi- 
dence (28). 

We also find that both the V1 spots 
and the V2 strips respond similarly (in 
terms of 2DG uptake) to  various visual 
stimuli. In the macaque, certain visual 
stimuli produce robust, stimulus-specific 
2DG uptake confined to the cytochrome 
oxidase spots in V1; the same visual 
stimuli also produce 2DG uptake in V2, 
confined to the cytochrome oxidase 
strips (16). The visual patterns producing 
such 2DG results include stimuli that are 
unoriented, diffuse, and of low spatial 
frequency (Fig. 3A). The converse is 
also true: those visual stimuli which pro- 
duce patterns of high 2DG uptake in 
regions between the V1 spots also pro- 
duce patterns of high 2DG uptake ex- 
tending between the V2 strips. This lat- 
ter pattern of 2DG uptake is produced by 
oriented stimuli of high spatial frequency 
(16, 17). Thus, strong circumstantial evi- 
dence suggests that the V1 spots and the 
V2 strips (as well as adjacent areas be- 
tween the spots and strips) are function- 
ally related to each other. 

Oriented visual stimuli of high spatial 
frequency invariably produce isolated 
columns of high 2DG uptake in the re- 
gions between the V2 strips. Since these 
isolated V2 columns are not produced by 
nonoriented or multioriented stimuli of 
low spatial frequency, they may be anal- 
ogous to the orientation and spatial fre- 
quency columns in V1 (9, 17). 

Studies of single units have shown that 
cells in the input layers of V1 are largely 
monocular, but that the cells in other 
layers (including those projecting to V2) 
are largely binocular and disparity-spe- 
cific (19, 29). The binocular cells in V2 
may also be grouped into disparity col- 
umns (19). Our anatomical evidence is 
consistent with this model. (i) Although 
2DG and cytochrome oxidase evidence 
exists for a segregation of the monocular 
inputs into ocular dominance columns in 
macaque V1 (8, lo) ,  we find no such 
anatomical evidence for ocular domi- 
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Lymphoid Cell-Glioma Cell Interaction Enhances Cell Coat 
Production by Human Gliomas: Novel Suppressor Mechanism 

Abstract. Certain human glioma lines produce mucopolysaccharide coats that 
impair the generation of cytolytic lymphocytes in response to these lines in vitro. 
Coat production is substantially enhanced by the interaction of glioma cells with a 
macromolecular factor released by human peripheral blood mononuclear cells in 
culture. This interaction thus constitutes an unusual mechanism by which inflamma- 
tory cells may nonspeciJically suppress the cellular immune response to at least one 
class of solid tumors in humans. 

Although it is well documented that man glioma cells in vitro in order to  
most glioma patients make humoral im- identify those properties of glioma cells 
mune responses to their tumors (1, 2), that enable them to escape cellular im- 
there is little evidence of significant cel- mune attack. We found that certain glio- 
lular immune responses (3-6). We stud- ma lines produce thick coats of muco- 
ied the generation of allogenic cytolytic polysaccharide that impair the genera- 
lymphocytes in response to cultured hu- tion of cytolytic lymphocytes specific for 



Table 1. Hyaluronidase-induced increase in the generation of effectors specifically cytotoxic for LM and FG gliomas, which possess 
muwpolysaccharide coats. The enzyme did not enhance the generation of effectors cytotoxic for NN gliomas, which lack such a coat. Cytolytic 
lymphocytes were generated in MLTC (6). In experiment 1 bovine testicular hyaluronidase (Sigma) was used at a final concentration of 10 Ulml; 
in experiment 2 Streptomyces hyaluronidase (Miles) was added (2 Ulml). Effector-to-target ratios were 24 to 1 for gliomas and 40 to 1 for line 
K562 in experiment I, and 5 to 1 for gliomas and 7.5 to 1 for line K562 and PHA-activated lymphocyte blasts in experiment 2. Spontaneous 5'Cr 
release in the two experiments varied from 17 to 27 percent for gliomas and from 8 to 17 percent for K562 cells and PHA-activated blasts. Values 
are means + standard errors for triplicate determinations. Specificity of effectors was evaluated by determining the ratio of lytic activity in 
cultures containing glioma stimulators to the lytic activity in equivalent cultures lacking glioma stimulators and comparing these ratios for 
different targets. Note the reciprocal specificity controls in experiment 2. 

Contents of cultures Percent specific "Cr release from 

Hyal- Responder Stimulator Glioma uron- LM FG NN PHA-acti- 

glioma glioma K562 vated stimu- leukocytes leukocytes idase glioma lator blasts 

Experiment I 
1.2 + 1.5 

+ 1.4 + 2.2 
-1.6 + 1.0 

+ 9.7 + 0.6 
34.2 + 2.0 

+ 35.7 2 4.9 
33.9 + 1.0 

+ 88.3 + 5.4 

Experiment 2 
0.5 + 1.6 5.8 2 1.4 3.3 + 0.5 

-0.3 2 0.6 7.1 2 0.7 7.0 + 0.6 
2.2 2 0.8 2.4 2 1.3 4.3 2 0.2 
6.1 2 1.5 4.8 + 1.1 7.0 2 0.7 
0.1 2 1.4 5.7 + 1.2 9.1 + 0.8 
2.0 + 0.5 4.7 + 0.9 12.2 + 0.2 
7.7 + 1.2 10.6 + 1.3 49.8 + 4.5 
7.1 + 1.5 8.4k1.3 52.121.2 

12.2k1.0 10.021.5 16.1+1.1 
20.3 2 1.1 10.1 2 2.8 19.4 2 1.3 
3.2 + 0.8 22.8 + 1.3 27.6 + 2.8 
3.4 2 0.9 23.5 2 1.4 28.6 ? 2.6 

Table 2. Enhancement of LM glioma cell coat formation by a macromolecular factor released by 
peripheral blood mononuclear cells in MLC's. MLC supernatants were prepared by incubating 
4 X l d  responder leukocytes with 4 x 1@ irradiated allogeneic stimulator leukocytes in 2-ml 
wells for 3 days. Similar results were obtained with supernatants harvested after 2 to 6 days. 
Supernatants from glioma and fibroblast cultures were obtained from confluent cultures after 6 
days of incubation. A portion of the MLC supernatant was concentrated eightfold by 
ultratiltration through an Amicon PM-10 membrane. The retentate was diluted to the original 
volume by the addition of medium without serum. The filtrate was reconstituted with 5 percent 
human AB serum. LM glioma cells (1000 per well) were incubated with culture supernatants or 
supernatant fractions in the wells of a Costar 35% microtest plate for 3 days. Erythrocytes (1.5 
x 106 per well) were then added and allowed to settle overnight in order to outline the halos 
around the glioma cells. The areas of the cells and their surrounding coats were measured with 
Omnicon FAS I1 image analysis system (Bausch & Lomb). Cell and halo margins were outlined 
manually with a light pen in an image modification mode on the video monitor. Culture 
supernatants and supernatant fractions were distributed randomly among the wells of the 
microtest plate, and the individual outlining the cell and halo margins did not know the 
distribution until the experiment was completed. The areas of the cells and their halos (if any) 
were measured with the image-processing system and a Data General Nova 3 computer. The 
area of each cell was subtracted from the area of the cell and its halo to yield the area of the halo 
itself. Each area listed is the mean + standard error for 40 cells. 

Equivalent dilution Pericellular halos around 
Source of culture 

supernatant 
of original culture LM glioma cells (square 

fraction supernatant micrometers per cell) 

None 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
MLC 
LM glioma 
GR glioma 
GR skin fibroblasts 

Unfractionated 
Unfractionated 
Unfractionated 
PM- 10 retentate 
PM-10 retentate 
PM-10 retentate 
PM-10 filtrate 
PM-10 filtrate 
Unfractionated 
Unfractionated 
Unfractionated 

Fig. 1. Phase-contrast photomicrographs of 
cultures containing LM glioma cells and pe- 
ripheral blood mononuclear cells ( X  120). (a) 
Glioma cells and lymphoid cells were incubat- 
ed together for 5 days. Lymphoid cells were 
resuspended and allowed to settle for 14 hours 
before the photograph was taken. (b) This 
culture was treated identically to that shown 
in (a), except that Streptomyces hyaluroni- 
dase (final concentration, 2 Ulml) was added 
14 hours before the photograph was taken. (c) 
Glioma cells were incubated in the absence of 
lymphoid cells for 4% days. Peripheral blood 
mononuclear cells were then added and the 
culture was photographed 14 hours later. (d) 
Glioma cells were incubated for 4% days in 
the presence of 20 percent supernatant fluid 
from an MLC. Blood mononuclear cells were 
then added and the culture was photographed 
after 14 hours. 



these lines. Production of these coats is 
stimulated by the interaction of glioma 
cells with a macromolecular factor re- 

which specifically lyse cells of the stimu- 
lator glioma line, and non-T effectors, 

molecules greater than 10,000 daltons. 
Supernatants from cultures of blood 

which nonspecifically lyse a variety of 
targets including glioma cells, fibro- 
blasts, and the erythroleukemia line 
K562 (6). The latter effectors may be 
identical to "anomalous killers" or 
"NK-like" cells (10-12). The addition of 
hyaluronidase to MLTC's did not in- 

mononuclear cells from a single donor 
were sometimes effective in enhancing 
coat formation by glioma cells and occa- 

leased by human peripheral blood mono- 
nuclear cells in culture. 

Glioma lines were derived from ex- sionally displayed activity equal to that 
of supernatants from MLC's (13). 

It has been reported that the rate of 
lysis of human synovial cells (14) and 
mouse fibrosarcoma cells (15) by lym- 
phocytes is increased by the removal of 
mucopolysaccharide cell coats with hy- 
aluronidase. McBride and Bard (15) 
found hyaluronidase-sensitive cell coats 
on a variety of murine sarcoma and 

plants of tumor biopsy specimens and 
characterized by a combination of ultra- 
structural, biochemical, and biophysical 
techniques (7, 8). The origins and prop- 
erties of the lines used in these experi- 
ments have been reported in detail (2, 6, 

crease the generation of nonspecific ef- 
fectors, as measured by the lysis of K562 
cells, or the generation of specific effec- 

8). Cytolytic lymphocytes were generat- tors that lysed phytohemagglutinin 
(PHA)-activated stimulator lymphocyte 
blasts. However, the addition of hyal- 
uronidase to MLTC's containing re- 
sponder and stimulator lymphocytes and 
LM glioma cells resulted in a strong 

ed in mixed lymphocyte and tumor cul- 
tures (MLTC's) by incubating responder 
cells with irradiated (10,000 R) allogeneic 
glioma cells or irradiated (2000 R) stimu- 
lator lymphocytes from a third individual 
or with both (6). Lymphoid cells were 
harvested from MLTC's after 7 to 12 
days and their lytic activity was mea- 
sured in assays of "Cr release (6). 

Five of ten glioma lines did not by 
themselves elicit allogeneic lymphocyte 
responses, despite the presence of sero- 
logically detectable histocompatibility 
antigens on the surface of the glioma 
cells (6). Although three of the nonstimu- 

carcinoma lines. They did not examine 
any cell lines derived from human solid 
tumors. We have observed hyaluroni- 

specific response to the LM glioma (Ta- 
ble 1). Similarly, the addition of hyal- 
uronidase to three-cell MLTC's contain- 

dase-sensitive cell coats of various thick- 
nesses in seven of ten glioma lines exam- 
ined to date. The destruction of these 

ing glioma cells of a second coat-produc- 
ing line, FG, caused a substantial in- 
crease in the generation of cytolytic 
lymphocytes specific for the FG glioma 
(Table 1). In contrast, hyaluronidase did 
not affect the specific lymphocyte re- 
sponse to the NN glioma, a line that does 

coats by hyaluronidase or chondroitin 
ABC lyase but not by plasmin or other 
proteases distinguishes them from the 
fibrin coats observed surrounding some 
human (16, 17) and animal (18) tumors. 
Campbell and Love (19) recently found 
that cultured rabbit fibroblasts produce 

latory lines did elicit specific cytolytic 
lymphocyte responses in the presence of 
third-party stimulator lymphocytes (6), 

not possess a detectable cell coat (Table 
1). Thus hyaluronidase enhanced only 
the generation of cytolytic lymphocytes 

increased amounts of hyaluronic acid 
when incubated with supernatants from 
cultures of antigen-activated rabbit 

the LM line remained nonstimulatory 
(Table 1). Microscopic examination of 
MLTC's containing LM glioma cells re- 
vealed that responder lymphocytes were 
separated from glioma cells by a clear 
pericellular halo surrounding each glio- 
ma cell (Fig. la). These halos could be 
destroyed by hyaluronidase (Fig. lb). 
Bovine testicular hyaluronidase, Strep- 
tomyces hyaluronidase, and chondroitin 
ABC lyase, at concentrations of 2 Uiml 
(5 10 ygiml), each destroyed the halos 
in 45 minutes or less at 37'C. In contrast, 

specific for antigens on glioma lines that 
possessed cell coats, suggesting that the 
mechanism of this enhancement was in- 

spleen cells. Our finding of increased 
production of hyaluronic acid-contain- 
ing cell coats by tumor cells in response 

deed the removal of cell coats by the to lymphokines or monokines consti- 
tutes a novel mechanism by which in- 
flammatory cells nonspecifically sup- 
press the generation of cell-mediated 

enzyme. 
The hyaluronidase-sensitive cell coats 

of glioma lines such as LM and FG did 
not reach maximum thickness until the 
second or third day of the MLTC. More- 
over, this time course was not altered if 

antitumor responses. 
STEVEN J. DICK 
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the glioma cells were incubated for as 
long as 4 days before the addition of 
lymphocytes (Fig. lc). Thus, interaction 
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treatment for 1.5 hours with trypsin, of the glioma cells with peripheral blood 
mononuclear cells might be required for 
the formation of thick cell coats. This 

chymotrypsin, Pronase, plasmin, colla- 
genase, deoxyribonuclease, or ribonu- 
clease (100 ygiml), or with 20 U of was confirmed by the finding that incu- 

bation of glioma cells in the absence of 
blood mononuclear cells but in the pres- 
ence of supernatants from mixed leuko- 
cyte cultures (MLC's) resulted in the 
formation of large, hyaluronidase-sensi- 
tive cell coats by LM glioma cells (Fig. 
Id and Table 2). These cell coats could 
be readily visualized by the addition of 
erythrocytes, which did not by them- 
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neuraminidase per milliliter, caused no 
visible change in the halos. Thus the 
halos appear to be mucopolysaccharide 
coats. Moreover, their destruction by 
Streptomyces hyaluronidase, an enzyme 
highly specific in its requirement for hy- 
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Evidence for Sensory-Selective Set in Young Infants 

Abstract. The existence of low-level$ltering of sensory input is a point of debate 
among cognitive theorists. This present study suggests that $filtering by modality 
exists at levels low enough to modulate the brainstem blink reflex and that it is 
evident as early as the 16th week of life. During foreground listening or looking 
conditions, blinks elicited by acoustic or visual probes were larger when probe and 
foreground modality matched than when they mismatched. "Interesting" fore- 
grounds, by comparison with "dull" ones, intensijed the modality-selective effect.  

Reflexes mediated at low levels of the 
nervous system can be facilitated or in- 
hibited by the neural activity of higher 
centers (1). This fact has recently been 
exploited in demonstrations that atten- 
tion directed to  selected inputs can mod- 
ulate the brainstem blink reflex (2). The 
direction of modulation-reflex en- 
hancement when an acoustic reflex-elic- 
iting stimulus was attended and reflex 
reduction when attention was directed to  
a tactile o r  visual stimulus-suggests 
that selective attending might affect low- 
level sensory pathways, at least acoustic 
pathways. These findings were based on 
studies of human adults; the purpose of 
this study was to  determine whether 
attentional activity in young infants pro- 
duces similar reflex modulation. Al- 
though attentional or orienting behaviors 
such as visual fixation and heart rate 
deceleration can be elicited even in new- 
born infants (3), the functional conse- 
quences of the process indexed by these 
behaviors is not known. 
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Fig. 1. Averaged evoked EMG activity in 
analog-to-digital (a-d) units for 500 msec after 
the onset of visual and acoustic probes for 
conditions in which modality of probe and 
concurrent foreground was the same (A) or 
different (B). 

This experiment assessed the magni- 
tude of blink reflexes elicited by visual as 
well as acoustic probes when probe mo- 
dality either matched or mismatched the 
modality of other "foreground" stimula- 
tion to  which infants were concurrently 
attending. We also determined whether 
any effect of modality match was intensi- 
fied when attention was more strongly 
engaged, that is, by "interesting" rather 
than "dull" foregrounds. Heart rate de- 
celerations were measured to verify a 
difference in attention-engaging quality. 

The subjects were 32 medically normal 
infants, selected at an age (16 weeks ? 9 
days) when attentional behaviors have 
become well established. The infants 
were divided into two equal groups (4). 
One group was exposed to visual and the 
other to  acoustic foregrounds. The factor 
of probe modality, also acoustic and 
visual, and the factor of foreground in- 
terest were orthogonally combined to 
create four conditions varying within 
groups. Order of conditions was random- 
ized without replacement in four-trial 
blocks, and each infant could receive as 
many as eight blocks. Half of the sub- 
jects began with block 1 and half with 
block 5. Because testing had to be dis- 
continued if infants became fussy, the 
average number of trials completed was 
28.3. 

Infants were tested in a dimly illumi- 
nated and sound-attenuated chamber 
(Industrial Acoustics). Except for two 
acoustically shielded flash units (Vivi- 
tar), stimulus-generating and recording 
equipment was located outside the 
chamber. A PDP12 computer in an ad- 
joining room controlled stimulus presen- 
tations, timing, and the digitizing of elec- 
tromyographic (EMG) activity and heart 

rate. Present in the chamber were an 
observer and a parent. The observer 
rated infant state and visual fixation (5) 
through a peephole in a large projection 
screen placed 45 cm from the seated 
parent and infant (6). Trials were deleted 
if the infant was fussy (mean, 2.1) or did 
not maintain fixation on the center of the 
screen (mean, 6.5). 

To  help bring fixations to  midline, 
trials began with 2 seconds of flashing 
light (200 msec on and off) from a small 
cold-cathode bulb attached to the 
screen. Foreground stimulation was then 
presented for 5 seconds. Visual fore- 
grounds, slides projected on the screen 
to subtend a visual angle of 40°, were 
either interesting colored slides-one of 
16 smiling faces photographed in natural 
settings-or dull blank slides-individ- 
ually matched to the average luminance 
of a colored slide. As measured by a 
photometer (Spectra Pritchard), average 
luminance values ranged from 0.096 
to 0.441 m L  per slide and from 0.219 
to > 0.249 m L  per condition (1 L = 
3 183.099 cd/m2). Acoustic foregrounds, 
delivered from a speaker centered be- 
hind the screen, were accompanied by 
one of the blank slides in order to  main- 
tain the central fixation. Recorded seg- 
ments of music-box tunes provided the 
interesting acoustic foreground, and rep- 
etition of a 1000-Hz tone served as  the 
dull foreground. Average sound pressure 
level re  20 pN/m2 was 60 dB (scale A). 

Four seconds after foreground onset, a 
blink-eliciting probe was introduced. If 
visual, it consisted of a < 500-psec flash 
from the flash units, reflected from the 
screen image and having a luminance of 
approximately lo3 mL. If acoustic, it 
was a 50-msec, 109-dB (scale A) burst 
of broadband noise delivered through 
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Fig. 2. Heart rate during 4 seconds between 
foreground and probe onsets, less heart rate 
during the 1 second preceding foreground 
onset (mean, 150.9 beats per minute). 
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