tus eggs was 2.45 = 1.69 percent; for S.
purpuratus eggs it was 2.21 = 0.685 per-
cent. Thus, the decrease in order param-
eter appears to be a late event.

Fertilized eggs grown to plutei, an ad-
vanced stage of development, in the
presence of BSA-solubilized 5-doxyl-
stearate were indistinguishable from
controls. Unfertilized eggs, exposed to
the solubilized fatty acid and washed,
showed some inability to raise normal
fertilization membranes: 20 to 30 per-
cent of the eggs raised blebby fertiliza-
tion membranes after insemination. By
phase-contrast microscopy these abnor-
mal fertilization membranes resembled
the membranes raised after eggs were
treated with soybean trypsin inhibitor
21). This effect did not depend on the
presence of the spin label fatty acid and
may be due to the titration by BSA of the
protease necessary for detaching the vi-
telline layer from the plasma membrane
(22). Partially activated eggs do not raise
fertilization membranes, but under the
labeling conditions they showed charac-
teristic chromosome condensation. By
these criteria, the presence of spin label
fatty acid perturbs the membrane little if
at all.

Taken together, these results indicate
that metabolic activation of the eggs of
these two echinoderms is accompanied
by an increase in membrane fluidity.
However, since spin label fatty acids
have been shown to equilibrate among
all the subcellular membrane fractions
(23), our results may be interpreted only
in terms of bulk membrane fluidity.
There are two possible interpretations of
the data. One is that activation of the
ovum is accompanied by a change in the
total cellular membranes to a more fluid
state. Alternatively, one or more special-
ized membranes (such as the plasma
membrane) enters a more fluid state on
activation and the probe is showing the
average change experienced by the al-
tered plus the unaltered membranes.

JuDpITH CAMPISI
CARL J. SCANDELLA
Department of Biochemistry,
State University of New York,
Stony Brook 11794
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Immunity to Antigens Associated with

Primate C-Type Oncoviruses in Pregnant Women

Abstract. Cell-mediated and humoral immune responses against antigens associ-
ated with primate C-type oncoviruses were evaluated in humans by microcytotoxicity
and radioimmunoprecipitation assays. Five of six women tested sequentially during
pregnancy developed selective cell-mediated reactivity against baboon endogenous
virus (BEV)-infected human fibroblasts. Responsiveness peaked during the second
and third trimesters and corresponded temporally with elevated antibody levels to
BEYV antigens. Similar cell-mediated reactivity was not observed in nonpregnant in-
dividuals. Selective cell-mediated reactivity directed against cells infected with the
simian sarcoma virus-simian sarcoma associated virus complex (SSV-SSAV) was
observed in four of 20 healthy adults (three of 14 nonpregnant, one of six pregnant).

" These observations suggest that cell-mediated reactivity against primate C-type on-

coviruses is occasionally detected in healthy nonpregnant adults, but that during
pregnancy both cell-mediated and humoral reactivity against BEV may become se-

lectively expressed.

C-type oncoviruses are widely distrib-
uted in mammals and birds (/). They
may be horizontally transmitted and in-
duce neoplastic disorders; in some spe-
cies they persist in latent form within the
host’s cells and are vertically transmitted
from generation to generation. Such la-
tent viral genetic material may become
activated by treatment with certain
chemicals or hormones, during aging, or
during periods of immunological stress
(2). Periods of rapid cell proliferation,
such as occur during neoplastic growth
or during gestation, may also be accom-
panied by the preferential expression of
C-type oncoviruses (3).

Many investigators have detected C-
type viruses by electron microscopy in
placentas of human and nonhuman pri-
mates as well as other mammalian spe-
cies (4). Although no human oncoviruses
have been isolated from placental tissue,
Kalter and co-workers (5) have isolated
an endogenous C-type virus from a ba-
boon placenta. The physiological func-
tion, if any, of these placental viruses is
obscure. Whether or not the pregnant
host responds immunologically to the
placental viruses is also unclear.

In mice, both humoral (6) and cell-
mediated (7) immune responses to en-
dogenous C-type oncoviruses have been

0036-8075/78/0324-1337$00.50/0 ' Copyright © 1978 AAAS

demonstrated. Cell-mediated reactivity
against endogenous viruses has also
been observed in rats (8). In man, hu-
moral responses to primate C-type virus-
es have been observed by some investi-
gators (9, 10), but not by others (/1). We
have studied the cell-mediated responses
of peripheral blood lymphocytes against
cells infected with primate C-type on-
coviruses in both pregnant and non-
pregnant humans, using a microcy-
totoxicity assay. Selective responsive-
ness developed during pregnancy against
antigens associated with the baboon en-
dogenous virus (BEV). Serological stud-
ies, in which a modified radioimmu-
noprecipitation (RIP) assay was used,
demonstrated a concomitant increase
in antibody production against BEV-
associated antigens during gestation.
Human embryonic lung (HEL) fibro-
blast cultures were obtained from Flow
Laboratories and maintained in our labo-
ratory in Eagle’s minimal essential medi-
um (MEM) containing glutamine (2 mM)
and a fourfold concentration of other es-
sential amino acids and vitamins, 10 per-
cent gamma-irradiated fetal bovine
serum (FBS), penicillin (250 U/ml), and
streptomycin (250 ug/ml) (complete
MEM 4x). The HEL fibroblasts (pas-
sage 7) were infected with either the M7
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strain of BEV or the simian sarcoma vi-
rus-simian sarcoma associated virus
complex (SSV-SSAV). These viruses
had been maintained on human A-204
rhabdomyosarcoma cell cultures. Unin-
fected HEL cells were cultured in paral-
lel. The virus-infected and uninfected
cells were tested every 2 weeks for the
presence of virus by determination of
RNA-dependent DNA polymerase activ-
ity in supernatant fluid according to es-
tablished techniques (I/2). The infected
lines were consistently virus-positive
and the uninfected lines were always vi-
rus-negative by this assay. Lymphocyte
donors were 14 healthy, nonpregnant
adults (five female, nine male) and six
pregnant women tested at approximately
3-month intervals during gestation and
following delivery. Peripheral blood (20
ml) was withdrawn by venipuncture and
defibrinated by agitation with glass
beads. Leukocyte fractions were sepa-
rated by established buoyant density
centrifugation techniques employing Fi-
coll-Hypaque solutions (/3). To remove
adherent and nonspecifically cytotoxic
cells, we subjected the mononuclear cell
fraction to passage in plastic tissue cul-
ture dishes for 17 hours at 37°C. The
lymphocyte-enriched population was re-
suspended in RPMI 1640 medium con-
taining 10 percent gamma-irradiated
FBS.

Microcytotoxicity assays were per-
formed as described for murine systems
(7). The HEL fibroblast target cells were
seeded in Falcon Microtest II plates con-
taining complete MEM 4X, at a concen-
tration of 100 to 150 cells per well. After
18 hours of incubation at 37°C, medium
was removed and replaced with 10* to
10° lymphocytes in RPMI 1640 medium
containing 10 percent gamma-irradiated
FBS. Plates were then incubated at 37°C
for 38 hours, after which lymphocytes
were removed by aspiration. Target cells
were washed with phosphate-buffered
saline, fixed with 95 percent methanol,
stained with Giemsa’s stain, and the total
number of cells remaining in each well
was determined. Mean values were de-
rived from at least ten replicate observa-
tions. These microcytotoxicity assays
measure both inhibition of target cell
replication and actual cytotoxicity.

Cell separation techniques were used
to evaluate the reactive cell populations.
Columns containing rabbit antibody to
human Fab were prepared by con-
jugating the antibody to cyanogen bro-
mide-activated Sepharose or Sephadex
G-200 (14). Mononuclear cells were sep-
arated over these columns into non-
immunoglobulin-bearing and immuno-
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Table 1. Sequential cell-mediated cytotoxic
responses against BEV-associated antigens
during pregnancy. Postive and negative re-
sponses are indicated by plus and minus
signs, respectively.

Selective cytotoxic
response (trimester)

_ Preg-
tient "2 Post-
cies  First S Third par-
ond
tum
1 1 - +(23)* +@4D -
2 3 - +(19) - NTt
3 2 = = +36) +(22)
4 2 NT NT +(24) -
5 1 +(16) +(35) NT -
6 1 - - NT -

*Figures in parentheses represent percentage reduc-
tion of BEV-infected target cells minus the reduction
of uninfected target cells. Each mean value was de-
rived from at least ten replicate observations.
tNot tested.

globulin-bearing lymphocytes. Recovery
of the cells bound to the column was
achieved by competitive inhibition with
1 percent immunoglobulin and sub-
sequent elution. Further separation of
the nonimmunoglobulin-bearing cell
population was achieved by E-rosetting
with sheep erythrocytes followed by
Ficoll-Hypaque  sedimentation  (I5).
These procedures resulted in three popu-
lations defined as immunoglobulin-bear-
ing (B) cells, E-rosette-forming (T) cells,

- 038 r 8.
Patient A 0
40
0.6 b 6.0
20

0.4 4.0

0.2 F 20

o
< £
5 20 e o
2 2 2
S 00 @ to0 _ =
*x 1st 2nd  3rd Post- = =Y
2 partum £ @ ©
2 . b — 2
> Trimester g 2 a
o = — £
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5 Patient B = °
2 e, o
é z

20 0.6 F12.0 [
0 0.4 I 8.0
-20 0.2 4.0
—40 0.0 L 0.0
1st 2nd  3rd
Trimester

Fig. 1. Comparative cell-mediated cytotoxic
and humoral immune responses of two preg-
nant women against antigens associated with
BEV. (@) Selected cell-mediated reduction of
BEV-infected target cells when compared
with uninfected cells. (OJ) Precipitation of vi-
ral protein from [*H]glucosamine-labeled BEV
derived from dog thymus cells. (A) Precipi-
tation of viral protein from '?*I-labeled BEV
grown in dog thymus cells.

and nonimmunoglobulin, non-E-rosette-
forming (null and K) cells.

Serologic determination of the HLA-
ABC antigens of the 20 lymphocyte do-
nors was performed according to the
National Institutes of Health lympho-
cytotoxicity technique as detailed pre-
viously (I16). All HLA alloantigens of-
ficially or provisionally recognized by
the World Health Organization-Interna-
tional Union of Immunological Soci-
eties (WHO-IUIS) (I7) could be de-
fined with the exception of HLA-Aw34,
Aw36, Aw43, Bw37, and CwS.

The HLA-ABC serotype of the HEL
fibroblasts was determined serologically
by adsorption-inhibition assays. Fifty
microliters of 27 different HLA alloan-
tiserums [specific for HLA-A1, A2, A3,
A9 (W23 + W24), A10, A28, B7, BS,
B12, Bw17, Bw22, B27, Bw35, Cw3, and
Cw4] were each added to 5 x 10% to
10 x 10¢ packed HEL fibroblasts and
mixed occasionally for 90 minutes at
37°C. After removal of the adsorbed anti-
serum by centrifugation (15000g, 5 min-
utes), back-titration of each adsorbed
serum was performed in parallel with its
unadsorbed counterpart against a num-
ber of unrelated lymphocyte donors
known to possess the respective alloanti-
gen. The HEL fibroblasts were assumed
to express a particular HLA antigen if
the antibody titer was reduced by at least
two log dilutions over the control serum.
The HLA phenotype of the HEL fibro-
blasts was HLA-A2,—;Bw17,27;Cw3,—,
with each assigned antigen identified by
two different alloantiserums.

Humoral antibodies that reacted in
RIP assays with proteins in preparation
of BEV were detected by assays pre-
viously described (9, 10). Radioactively
labeled (2°]) proteins from detergent-dis-
rupted BEV grown in dog thymus cells
(5) were used as antigens. To check spe-
cifically for precipitation of viral glyco-
proteins, we cultured BEV-producing
dog thymus cells overnight in MEM 4x
without glucose and supplemented with
[*H]glucosamine (10 xCi/ml) and 10 mM
fucose. Virus was purified from super-
natant medium by two sedimentations
(50,000g, 120 minutes each) and dis-
rupted for use in RIP assays.

Selective  cell-mediated = reactivity
against BEV was observed only in preg-
nant women. Five of six women tested at
intervals during gestation and following
delivery developed responses against
BEV-infected fibroblasts (Table 1). All
three multiparous women (two to three
pregnancies) tested were reactive and
two of three primigravid women were re-
active. Responsiveness was low or ab-
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sent during first trimesters but increased
thereafter. Peak reactivity occurred dur-
ing late second and early third trimes-
ters. During the late third trimesters or
following delivery, four of five women
lost their selective responsiveness
against BEV-infected fibroblasts. Reac-
tivity against BEV-infected cells was not
observed in any of ten healthy, non-
pregnant adults (four females, six
males). The type of cell reactive in this
assay has not been clearly defined, al-
though preliminary studies suggest that
both T cell-mediated and antibody-de-
pendent cellular cytotoxic mechanisms
may occur. Responding cells and target
cells did not share HLA antigens in all
cases.

To evaluate the specificity of the ob-
served cytotoxicity reactions among
pregnant women, we added varying con-
centrations of cesium chloride-banded
BEV to lymphocyte-target cell mixtures
(Table 2). Concentrations of BEV rang-
ing from 1 to 100 ug/ml blocked the cyto-
toxic response, indicating that the reac-
tivity was specific for BEV antigens.

Selected, coded plasma specimens
from pregnant individuals were eval-
uated for antibodies that reacted in RIP
assays with BEV proteins. Antibody
concentrations corresponded with cell-
mediated responsiveness to BEV-associ-
ated antigens. Concentrations were low
early in pregnancy, increased in mid-
pregnancy, and decreased thereafter.
Results of sequential antibody determi-
nations were comparable for both glu-
cosamine and iodine-labeled antigen
preparations. Absorption of serum anti-
body activity was accomplished only
with BE V-infected dog thymus cells, but
not with uninfected cells (data not
shown). Comparative cell-mediated and
humoral immunity data from two preg-
nant individuals are shown in Fig. 1.

Selective reactivity directed against
SSV-SSAV-infected fibroblasts was re-
peatedly observed in three of 14 non-
pregnant and one of six pregnant healthy
adults. In the nonpregnant group, two of
nine males and one of five females were
consistent reactors. In contrast to the re-
actors against BEV, all nonpregnant re-
actors against SSV-SSAYV shared at least
one histocompatibility antigen with tar-
get fibroblasts. Cells adhering to col-
umns prepared with antibody to human
- Fab (predominantly B lymphocytes)
were unreactive, as were nonadherent
cells that did not form E rosettes (null
and K cells). In contrast, nonadherent,
E-rosetting T lymphocytes showed
marked specific reactivity against SSV-
SSAV-infected fibroblasts (Table 3).
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Table 2. Blocking of cytotoxicity observed
during pregnancy by purified BEV.

Bi?g}:f e Selqc.tiveq
(ug/ml) cytotoxicity (%)
Patient 1
0 22
1 9
10 -51
100 —54
Patient 2
0 27
1 2
10 -27
100 . =20

*Virus preparations and lymphocytes were added si-
multaneously to target cells; lymphocyte-target cell
ratios were approximately 100 : 1. tPercentage
reduction of BEV-infected target cells minus reduc-
tion of uninfected target cells. Each mean value was
derived from at least ten replicate observations.

These studies indicate that cell-medi-
ated cytotoxic responsiveness against
primate C-type oncoviruses is not fre-
quently observed among healthy non-
pregnant adults or is below the threshold
levels of detection of our assays. During
pregnancy, however, it appears that anti-
gens related to baboon endogenous on-
coviruses may become selectively ex-
pressed resulting in the development of
both specific cell-mediated and humoral
immune responses. The oncovirus-spe-
cific cell-mediated reactivity during preg-
nancy contrasts with many other lym-

Table 3. Cytotoxic reactivity of two normal
subjects against SSV-SSAV-infected fibro-
blasts (HLA-A2,—;Bw17,27;Cw3,—-). The
histocompatibility type of subject 1 was
Al1,11;Bw17,—;Cw4,—; and that of subject 2
was Al1,2;B8,—;C—,—.

Population of cyst(e)lt?;;tilc‘:,i?y
*
reactor cells @)t
Subject 1
Mononuclear nonadherent 21,19,21
cells
T lymphocytes plus null 25,27
cells
T lymphocytes 31
Null cells -5
B lymphocytes -4
Subject 2
Mononuclear nonadherent 28
cells
B lymphocytes plus null 6
cells
T lymphocytes 29

*Mononuclear cells were initially separated from pe-
ripheral blood by Ficoll-Hypaque sedimentation.
Adherent cells were removed by incubation for 17
hours on plastic dishes. Subsequent fractionations
were performed with combinations of immuno-
adsorbent columns and E-rosetting techniques as de-
scribed in the text. tPercentage reduction of
SSV-SSAV-infected target cells minus reduction of
uninfected target cells. Each mean value was de-
rived from at least ten replicate observations.

phocyte functions, including certain anti-
viral cell-mediated responses, which be-
come diminished during gestation (I8).
This suggests that the observed changes
do not reflect a nonspecific lymphore-
ticular stimulatory effect of pregnancy.
The specificity of the BEV response is
further suggested by failure of these pa-
tients to respond to uninfected or SSV-
SSAV-infected fibroblasts, the corre-
spondence of the responses to antibody
reactivity against BEV proteins, and the
specific blocking by purified BEV.

Peripheral blood leukocytes have pre-
viously been demonstrated to react
against tissue culture-passaged ‘‘nor-
mal’” human fetal cell monolayers (19).
The reactivity was largely expressed by
cells of the monocyte-macrophage se-
ries. We have also observed such non-
specific reactivity against fetal lung cells,
but this could be largely abrogated by
culturing the leukocytes for 17 hours on
plastic dishes prior to assay. The mecha-
nisms by which 17-hour cultures remove
nonspecifically reactive cells are un-
clear; it is possible that this population is
short-lived or belongs to the monocyte-
macrophage adherent cell population.

Our observations are compatible with
numerous observations that C-type par-
ticles can be visualized in human and
nonhuman placental tissue (¢). Although
to date no C-type oncoviruses have been
cultured from human placental tissue,
our findings suggest that the observed
particles may have antigens in common
with BEV. Similar viruses have been iso-
lated from baboon placentas (5).

The significance of C-type oncovirus
activation during pregnancy is unclear.
These viruses may play a fundamental
role in inducing rapid growth of cells dur-
ing embryogenesis, as some C-type vi-
ruses do during experimentally induced
oncogenesis (/, 2). Alternatively, by in-
ducing maternal humoral responses,
they may help protect the fetus from ef-
fector cell-mediated rejection mecha-
nisms (3). Other possibilities are that the
C-type viruses are merely by-products of
altered cell-regulatory functions that oc-
cur during periods of rapid or autono-
mous growth, are induced by hormonal
changes, or result from host-versus-graft
reactions (2).

The low incidence (4/20) of cell-medi-
ated reactivity in normal pregnant and
nonpregnant individuals against SSV-
SSAV-infected monolayers is difficult to
interpret. Responders shared histo-
compatibility types with infected fibro-
blast target cells, and the reactive cells
were free of surface immunoglobulin and
formed rosettes with sheep erythrocytes.
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These observations suggest that the re-
sponse against SSV-SSAV was mediated
by T lymphocytes. Because of possible
histocompatibility antigen-associated re-
striction of cell-mediated cytotoxicity
(20), we may be underestimating the
actual number of SSV-SSAV respond-
ers. A broader panel of target cells ex-
pressing a wider range of HLA antigens
might be necessary to detect all reactors.
Two of our four responders were also
tested for RIP antibodies to SSV pro-
teins and were found to have elevated
levels (data not shown). Kurth et al. (9)
had previously shown that approximate-
ly 50 percent of a healthy British popu-
lation had RIP antibodies against SSV-
SSAV-related proteins. Other investiga-
tors using different populations and dif-
fering serological techniques have ob-
tained varying results (/0). Thus, it is not
yet possible to evaluate conclusively the
level of immunity to SSV-SSAV-related
antigens in humans.
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Increased Resistance to Staphylococcus aureus Infection and

Enhancement in Serum Lysozyme Activity by Glucan

Abstract. Glucan is a potent reticuloendothelial stimulant whose immuno-
biological activity is mediated, in part, by an increase in the number and function of
macrophages. In studying the role of glucan as a mediator of antibacterial activity,
we attempted to ascertain the ability of glucan to modify the mortality of mice with
experimentally induced Gram-positive bacteremia, and to enhance antibacterial de-
fenses in rats as denoted by serum lysozyme and phagocytic activity. After intra-
venous administration of glucan, serum lysozyme concentrations were increased ap-
proximately sevenfold over control concentrations. The increase in serum lysozyme
appeared to parallel the glucan-induced increase in phagocytosis and induced hyper-
plasia of macrophages. Prior treatment of mice with glucan significantly enhanced
their survival when they were challenged systemically with Staphylococcus aureus.
These studies indicate that glucan confers an enhanced state of host defense against

bacterial infections.

Glucan, a pB-1,3-polyglucose com-
ponent isolated from the cell wall of Sac-
charomyces cerevisiae, is a potent retic-
uloendothelial (RE) stimulant as well as
a modulator of cellular and humoral im-
munity (/). The administration of glucan
to rats or mice is associated with an in-
crease in weight and size of the major RE
organs as a result of an increased number
of activated macrophages (2, 3). The en-
hanced state of host resistance induced
by glucan is characterized by a hyper-
phagocytic state as indicated by the in-
creased rate of clearance of a variety
of particulate agents (2, 4). The ef-
fectiveness of glucan in promoting in-
creased resistance to tumor growth and
dissemination has been demonstrated in
rats with Shay choloroleukemia (5) and
in syngeneic mouse melanoma B16 and
adenocarcinoma BW 10232 tumor mod-
els (6). In studies of three types of meta-

static lesions, intralesional administra-
tion of glucan caused a marked reduction
in tumor size and tumor cell necrosis as-
sociated with an infiltration of macro-
phages containing glucan (7). In view of
glucan’s diverse immunostimulant prop-
erties, we evaluated the possible role of
glucan as a mediator of antibacterial ac-
tivity, as ascertained by survival follow-
ing intravenously administered Staphy-
lococcus aureus and by the status of
certain antibacterial defenses, namely,
phagocytic activity and serum lysozyme
concentrations.

Male Long-Evans rats weighing 200 to
225 g were given free access to tap water
and Purina Lab Chow. Glucan was pre-
pared by a modification of previously de-
scribed procedures (8). Intravenous in-
jections of isotonic saline or glucan (1
mg/100 g) were given on days 0, 2, and 4,
and the rats were killed on day 5 for as-

Table 1. Effect of intravenous glucan on serum lysozyme concentration and clearance of col-

loidal carbon.

Serum lysozyme

Colloidal carbon

Group Concentration N Clearance N
(ug/ml) (t1/2, min)

Saline 2.68 = 0.68 12 10.6 = 0.55 8

Glucan 18.14 = 1.78 14 3.6 £ 0.23

Copyright ® 1978 AAAS

SCIENCE VOL. 199, 24 MARCH 1978



