
larger values of these parameters, the 
tradsition becomes continuous. This 
analysis accounts for both the discrete 
transition observed in a 50 percent ace- 
tone-water mixture and the continuous 
transition in pure water. The former cor- 
responds to a low T value, whereas the 
latter corresponds to a high T value. 
Although only the electric force was 
considered in describing the phase tran- 
sition, other factors may play a role. The 
effects of inhomogeneous distributions 
of ions, currents, and solvent composi- 

also be possible to store two- or three- 
dimensional images by using the local 
collapse and swelling of the gel. 
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Gestational Zinc Deprivation in Mice: Persistence of 
Immunodeficiency for Three Generations 

Abstract. Pregnant Swiss Webster mice were fed a diet moderately deficient in 
zinc from day 7 of gestation until parturition. Offspring of these mice showed 
depressed immune function through 6 months of age. In addition, the second and 
thirdjlial generations, all of which were fed only the normal control diet, continued 
to manifest reduced immunocompetence, although not to the same degree as in the 
first generation. 

A number of nutritional factors modu- 
late immunological function (I). Al- 
though initial interest in this subject was 
generated by the immunodeficiency ob- 
served in protein-malnourished children, 
it is now recognized that such individuals 
suffer from a wide range of nutritional 
deficiencies (2). Attention has thus be- 
come focused oh the role of specific 
nutrients in immune responsiveness. In 
particular, much has been learned about 
the influence of dietary zinc on the main- 
tenance of immunological function in 
adult animals (3). Zinc deficiency has 
been associated with impaired immune 
responses, particularly those mediated 
by T lymphocytes (4 ) ,  and has been 
shown to influence the course of infec- 
tious (3, neoplastic (6), and autoimmune 
disease (7). Similar observations have 
been made in humans (8). However, 
relatively little is known about the role of 
zinc in the ontogeny of immunity. We 
previously showed that when mice are 
deprived of zinc during the suckling peri- 
od, their ability to generate an effective 
immune response is markedly compro- 

mised (9). Ihdeed, mice only marginally 
deficient in zinc show decreased re- 
sponses to mitogens and sheep red blood 
cells (SRBC's) and highly altered serum 
immunoglobulin profiles (10). We now 
report that moderate deprivation of zinc 
during prenatal life alohe is also associat- 
ed with a depressed plaque-forming cell 
(PFC) response to SRBC inoculation and 
with impaired development of serum 
immunoglobulins. In addition, these de- 
fects in immunological function persist 
into the second and third generations. 

Pregnant young adult Swiss Webster 
mice were fed a zinc-deficient diet or a 
control diet ad libitum from day 7 of 
gestation (the beginning of pregnancy 
was designated day 0) to term. The bio- 
tin-fortified, egg white-based diet (7) 
contained 5 ppm zinc and the control diet 
100 ppm zinc. The choice of these di- 
etary levels of zinc was based on our 
previous studies in BALBic and 
N:NIH(S) mice (7, 9). Moderate defi- 
ciency was defined as a reduction in 
serum zinc to levels 60 to 70 percent of 
those in control mice (9). Because zinc 

deficiency is known to cause inanition 
(lo), which also may alter immune func- 
tion (II), pair-fed controls )were also 
studied. During the period of zinc depri- 
vation all the mice were maintained un- 
der conditions designed to reduce extra- 
neous zinc contamination' (7, 10). At 
parturition, litters were culled to five 
pups and all dams add offspring were 
returned to the control diet, which they 
consumed until the end of the experi- 
ment. The PFC response to SRBC's and 
the concentration of immunoglobulin M - 
(IgM) in serum were assessed in some 
offspring at 6 weeks, 10 weeks, and 6 
months of age; the remainder of the 
offspring were mated (brothers to sisters) 
at 10 weeks of age to produce an F2 
generation. Because a consequence of 
zinc deprivation during pregnancy is im- 
paired development of the mammary 
gland ahd reduced lactational ability 
(12), pups from zinc-deprived dams were 
cross-fostered to control dams and pups 
from control dams were cross-fostered 
to zinc-deficient dams. The F2 and F3 
offspring were culled to five pups and 
studied at the same ages as the F1 off- 
spring or bred at 10 weeks of age. All F l ,  
F2, and F3 mice were thus fed the control 
diet throughout their lives. The only pe- 
riod of zinc deprivation was during ges- 
tation of the F1 offspring. 

Overt signs of zinc deficiency, such as 
alopecia and exfoliative dermatitis, were 
dot observed in the zinc-deprived dams; 
nonetheless, other features were ob- 
served, such as decreased food intake, 
fewer ahd smaller offspring, and slightly 
higher neonatal mortality rates (13). 
Analysis of maternal plasma on day 17 of 
gestation indicated that a significant de- 
gree of zinc deficiency had been 
achieved, with the cohtrols fed ad libi- 
tum and the pair-fed controls having zinc 
concentrations of 106.4 and 109.7 pg per 
100 ml of plasma, respectively, com- 
pared to 58.0 pg per 100 ml in dams fed 
the 5 ppm zinc diet. These zinc concen- 
trations were not as low as those general- 
ly seen in animals fed a diet nearly 
devoid of zinc (14), indicating that a 
moderate deficiency was achieved. No 
further differences were observed be- 
tweeh plasma zinc levels in any groups at 
any age. Thus, the postnatal effects of 
zinc depletion during gestation were due 
to a defect in development rather than to 
a persistence of low plasma zinc. 

The F1 offspring of zinc-deficient dams 
had no detectable IgM at 6 and 10 weeks 
of age (Fig. 1A). By 6 months of age, 
significant amounts of IgM had ap- 
peared, but the concentrations were still 
below those of both control groups. 
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Cross-fostering of zinc-deprived pups to 
control dams did little to improve the low 
levels of serum IgM. Cross-fostering of 
control pups to zinc-deprived dams re- 
sulted in lower IgM concentrations, but 
these levels were substantially higher 
than those of zinc-deprived pups allowed 
to suckle their natural mothers, indicat- 
ing the importance of prenatal zinc status 
and maternal lactational performance for 
normal immune ontogeny. 

Aberrant serum IgM patterns in pups 
from zinc-deprived females persisted in 
the F2 offspring. While serum IgM was 
detectable in F2 pups from zinc-deficient 
dams at 6 weeks of age, its concentration 
remained well below that of control F2 
progeny. By 6 months, however, there 
was no significant difference in serum 
IgM concentrations between control and 
zinc-deprived F2 progeny. In F3 pups, 

serum IgM concentrations were lower 
than in the controls at 6 weeks of age, 
but were similar to control values by 10 
weeks. Cross-fostering of zinc-deprived 
F1 offspring to control dams promoted a 
more rapid development of serum IgM in 
F2 and F3 progeny, with normal levels 
being achieved by 10 weeks of age. 
Cross-fostering of control F1 pups to 
zinc-deprived dams had virtually no im- 
pact on F2 and F3 offspring. 

The F,  offspring of zinc-deficient dams 
showed a markedly lower PFC response 
to SRBC immunization at 6 weeks than 
did controls fed ad libitum (Fig. 1B). 
Pair-fed control pups also showed a low- 
er total PFC response to SRBC's than 
did the other controls, but there was no 
significant between-group difference in 
plaques formed per lo6 splenic white 
blood cells. Cross-fostering of the defi- 

First  generat ion First generation 

Second generat ion Second generation 
70 5 6 0  

4 8 0  = 
E 
0 5 0  4 0 0  

51 0 

$ 3 2 0  
tl 7 

a 
- 3 0  & 2 4 0  
E 0. - -"' 1 6 0  
5 2 - 1 0  80 

0 

Third generat ion Third generation 

" 
8 weeks  1 0  weeks  6 months 6 weeks  1 0  weeks 6 months 

Fig. 1. (A) Concentrations of IgM in serum in F,,  F2, and F, offspring of mice fed a diet 
moderately deficient in zinc during the last two-thirds of pregnancy and in controls, as 
determined by radial immunodiffusion. Solid bars represent control offspring of dams fed the 
100 ppm zinc diet ad libitum; open bars, offspring of pair-fed controls; shaded bars, non-cross- 
fostered offspring of dams given the zinc-deficient diet; cross-hatched bars, offspring of zinc- 
deprived dams, cross-fostered to dams fed the 100 ppm zinc throughout pregnancy; and hatched 
bars, offspring of control dams fed ad libitum, cross-fostered to dams given the zinc-deficient 
diet. Asterisks indicate no IgM detectable. (B) Plaque-forming cell response to sheep erythro- 
cytes in the F , ,  F2, and F, offspring. Response was determined 4 days after inoculation with 2 x 
10' sheep red cells. 

cient pups to control dams did little to 
alter the deficient PFC response at 6 
weeks of age. Control pups nursed by 
dams deprived of zinc during pregnancy 
also showed a depressed PFC response 
to SRBC's, although it was not as low as 
that of zinc-deprived offspring. 

The F2 offspring of zinc-deprived mice 
continued to demonstrate a profoundly 
depressed response to SRBC inocula- 
tion. The F2 offspring of pair-fed controls 
also had a lower total PFC response to 
SRBC, but, once again, there was no 
between-group difference in plaques per 
lo6 white blood cells. As with the F I  
offspring, cross-fostering did little to al- 
ter the immunodeficiency observed in F2 
pups of zinc-deprived dams. In contrast, 
F2 offspring of control pups cross-fos- 
tered to zinc-deficient dams showed a 
normal response to SRBC inoculation. 
The F3 offspring of zinc-deprived dams 
continued to manifest a deficient PFC 
response to SRBC's, although it was not 
as depressed as that of the F ,  and F2 
offspring. Therefore, while the degree of 
immunodeficiency produced by zinc de- 
privation during the latter two-thirds of 
gestation was partially ameliorated over 
generations of adequate nutriture, it per- 
sisted to a significant extent into F3 
offspring. 

An animal's ability to recognize and 
respond to thymus-dependent antigens, 
such as heterologous erythrocytes, 
seems to be especially vulnerable to nu- 
tritional deficits (9, l l ,  15). The de- 
pressed PFC response in zinc-deprived 
animals could be due to faulty B cell 
mutation, defective T cell-mediated 
guidance of B cell maturation, inability 
to recognize and bind the antigen be- 
cause of low affinity, inability to respond 
to the antigen once recognition has oc- 
curred, or defective function of an acces- 
sory cell type required for antigen recog- 
nition. In mice postnatally deprived of 
zinc, the B cell response to mitogens is 
modestly reduced ( l o ) ,  perhaps indicat- 
ing an immaturity of B lymphocytes or 
an inability of those cells to respond to 
antigens. In addition, zinc concentration 
affects the mobility of surface immuno- 
globulins in vitro (16); this may alter the 
ability of the B cell to patch, cap, and 
subsequently synthesize and secrete 
immunoglobulins. Finally, defective pla- 
centation may allow maternal IgM to 
cross the placenta, a process known to 
inhibit development of the apparatus 
necessary for IgM synthesis (17). 

Production and secretion of IgM seem 
particularly affected by nutrient deficien- 
cy (18). In humans deprived of protein 
early in life there is prolonged depression 
of serum immunoglobulin levels and of 
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overall immunocompetence (19). Chil- 
dren who experienced protein malnutri- 
tion as  early infants show deficient se- 
rum IgM production even after years of 
rehabilitation (20). The timing of the nu- 
tritional deficits-that is, whether mal- 
nutrition commenced prenatally or post- 
natally-plays a significant role in deter- 
mining the severity and reversibility of 
the resulting immunodeficiency. 

Our most notable observation, then, 
was the persistence of immunodeficien- 
cy in F,, F2, and F3 offspring despite 
restitution with a diet adequate in all 
nutrients. Caloric restriction has been 
reported to have a similar impact on the 
immunocompetence of F, and F2 proge- 
ny (11). A similar phenomenon was ob- 
served when dietary protein restriction 
altered brain DNA content and behavior 
and learning performance in F2 progeny 
(21). The mechanism whereby zinc or  
other nutrients influence immune ontog- 
eny in subsequent generations remains 
obscure. Germ cells obtained from zinc- 
deprived animals might be studied in 
vitro to identify the cause of these devel- 
opmental defects. 

This study has important implications 
for public health and human welfare, as  
the consequences of fetal impoverish- 
ment may persist despite generations of 
nutritional supplementation. Dietary 
supplementation beyond the levels con- 
sidered adequate might allow for more 
rapid or  complete restoration of immu- 
nocompetence. 
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Surface Structures Involved in Target Recognition by Human 

Cytotoxic T Lymphocytes 

Abstract. Cloned human cytotoxic T lymphocytes and monoclonal antibodies 
inhibiting their function (anti-TjA, an t i -T4~ ,  and anti-T8*) were used to elucidate the 
role of T cell surface glycoproteins in cell-mediated lympholysis involving individual 
classes ofgene products of the major histocompatibility complex on target cells. The 
results indicate that several surface molecules are required for specijc target 
recognition: T3 and T4 on T4+ cytotoxic T lymphocytes and T3 and T8 on T8+ 
cytotoxic T lymphocytes. 

Cell-mediated lympholysis (CML) is a 
process whereby T lymphocytes specifi- 
cally destroy target cells to  which they 
have been sensitized. This mechanism 
appears to be of importance in allograft 
rejection, tumor destruction, and lysis of 
syngeneic cells infected by virus. How- 
ever, despite recent advances in under- 
standing physiologic requirements and 
cellular processes of this effector func- 
tion, the molecular mechnisms involved 
in target cell recognition and lysis are ill 
defined (1). 

In man, cytotoxic effector cells are 
derived from either of the two major T 
cell subpopulations. These have been 
termed T4+ or  T8+ on the basis of their 
uniquely expressed 62,000-dalton 
(62KD) (T4) and 76KD (T8) glycopro- 
teins ( 2 4 ) .  More important, the target 
antigens recognized by individual sub- 
sets are the product of different gene 
regions of the major histocompatability 
complex (MHC). Thus, allosensitized 
T4+ T cells kill target cells bearing class 
I1 MHC antigens whereas T8+ T cells 
kill targets expressing class I MHC anti- 
gens (4). Similar observations regarding 
differences in cytotoxic T lymphocyte 
(CTL) specificity of individual T cell 
subsets have been observed in the mu- 
rine system with the homologous Lyt2- 
and Lyt2+ populations (5). 

This association between the surface 
phenotype (that is, surface glycopro- 
teins) of CTL and the class of MHC 
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molecules recognized implies that sub- 
set-restricted structures may be required 
to facilitate selective lysis of different 
target antigens. This view has been sup- 
ported by recent findings showing that 
monoclonal antibodies to the T4 or T8 
glycoproteins selectively inhibit cytotox- 
ic effector function of T4+ or  T8+ CTL 
clones (4) .  In addition, a 20KD T cell 
surface molecule, T3, present on all ma- 
ture T lymphocytes, participates in cell- 
mediated lympholysis: antibodies to  this 
structure block killing by both T4+ and 
T8+ CTL clones. 

Whether such surface molecules serve 
as recognition elements, or alternatively, 
represent components of the lytic mech- 
anism is unknown. T o  address this ques- 
tion, we utilized cloned populations of 
T4+ and T8+ C T L  and examined the 
ability of monoclonal antibodies to  the 
surface structures (T3, T4, and T8) to  
influence killing under various experi- 
mental conditions. Because appropriate 
concentrations of lectin can induce ap- 
proximation of CTL and target cells in 
the absence of antigen recognition ( 6 ) ,  it 
is possible to  assess the intrinsic killing 
capacity of CTL clones even in the pres- 
ence of monoclonal antibodies that in- 
hibit cytolytic function. We reasoned 
that if the antibodies bind to a surface 
structure related to the lytic mechanism 
itself, then artificial approximation 
should not be capable of reconstituting 
effective lysis. However, if these anti- 
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