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A B S T RA C T The functional maturity of T and B
lymphocyte populations from human newborns was
evaluated using a reverse hemolytic plaque assay to
detect immunoglobulin-secreting cells generated in
in vitro cultures stimulated with pokeweed mitogen
(PWM), a T cell-dependent polyclonal activator, and
the Epstein-Barr virus (EBV), a T cell-independent
B cell activator. Cord blood lymphocytes failed to
produce immunoglobulin in response to PWM,but did
respond with immunoglobulin synthesis to stimulation
with EBV. Co-culture experiments demonstrated that
cord blood T cells would inhibit immunoglobulin
production by adult cells stimulated with PWM,but
not with EBV. Cord blood T cells did suppress im-
munoglobulin production by cord blood B cells when
stimulated with a mixture of EBVand PWM,indicat-
ing that cord blood, in contrast to adult blood, con-
tains a population of suppressor T cell precursors that
are easily activated by PWM. Irradiation of the cord
blood T cells with 2,000 rad eliminated the suppressor
activity and revealed normal helper function for
immunoglobulin (Ig) G, A, and Mwhen these T cells
were co-cultured with adult B cells. Cord blood B
cells co-cultured with adult T cells or irradiated cord
blood T cells did produce immunoglobulin in response
to PWM,but the response was significantly lower than
that of adult B cells, and only IgM was produced
in these cultures. These studies demonstrate that both
the T and B cells of the human newborn have sig-
nificant functional differences compared with the func-
tions of T and B lymphocyte populations in adults.

INTRODUCTION

The immune status of the human neonate has been
the subject of intense investigation for many years.
Several features of the normal newborn immune sys-
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tem are relatively distinctive, including the absence
of endogenously produced immunoglobulin (Ig)G and
IgA in the serum, and antibody responses primarily
restricted to the IgM class in spite of the presence of
normal adult numbers of circulating B lymphocytes
bearing surface IgM, IgG, and IgA (1). In addition,
when tested in vitro, cord blood lymphocytes appear
deficient in their ability to differentiate into plasma
cells when stimulated with pokeweed mitogen (PWM)1
(2-5). Neonatal T cells are functionally mature in terms
of their capacity to respond to mitogens by prolifera-
tion, and neonatal monocytes have achieved full ac-
tivity as effectors in antibody-dependent cellular cyto-
toxicity (6, 7). Previous studies have demonstrated
that cord blood T cells inhibit in co-culture the pro-
liferative responses of normal lymphocytes (8-11), and
suppress PWM-induced differentiation of adult B cells
into plasma cells in vitro (4, 5, 12-14).

To clarify the contribution of lymphoid cell subsets
to the relative unresponsiveness of the newborn, we
have used a T cell-independent activator, the Epstein-
Barr virus (EBV), and a T cell-dependent, macro-
phage-dependent mitogen, PWM,to evaluate the func-
tional maturity of cord blood B and T cells. Our results
suggest that combined B and T cell functional defi-
ciencies account for the inability of newborns to ex-
press a normal antibody response in vitro.

METHODS
Peripheral blood leukocytes. Cord blood was obtained at

the time of delivery from normal uncomplicated pregnancies.
Only cord blood samples obtained from uncomplicated de-
liveries without systemic anesthesia were studied. Immedi-
ately after delivery, but before the expulsion of the placenta,
cord blood was allowed to drain into tubes containing 0.5
cm3 of preservative-free heparin. Venous blood was also ob-

' Abbreviations used in this paper: EBV, Epstein-Barr virus;
IgSC, immunoglobulin-secreting cells; MNC, mononuclear
cell; PWM, pokeweed mitogen; RHPA, reverse hemolytic
plaque assay.
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FiGURE 1 PWM-and EBV-induced immunoglobulin produc-
tion in lymphocyte cultures (1 x 106 MNC) from nine normal
adults and nine normal cord blood samples.

tained from healthy adult volunteers. Heparinized blood
was mixed in a 8:1 ratio with 6.5% dextran in saline
and incubated at 37°C for 20-30 min. Neonatal and adult
blood specimens were handled in the same manner. A
preliminary dextran sedimentation was used because direct
centrifugation of cord blood over Ficoll-Hypaque gradients
causes heavy erythrocyte contamination of the gradient inter-
face. The leukocyte-rich plasma was collected and centri-
fuged through a gradient of Ficoll-Hypaque (LSM solution,
Bionetics Laboratory Products, Litton Bionetics Inc., Kensing-
ton, Md.). Mononuclear cell suspensions containing <2%
granulocytes were collected at the interface of these gradients.
This cell suspension containing -80% lymphocytes and 20%
monocytes will be referred to as "mononuclear cell (MNC)
population." Cell subsets enriched for T or B cells were ob-
tained by incubating the MNCpopulations for 2 h, at 4°C,
at a ratio of 1:150 with 2-aminoethylisothiouroniumbromide-
treated sheep erythrocytes and separating the rosette-forming
cells on another Ficoll-Hypaque gradient (15). Nonrosetting
MNCwere collected at the interface of the gradient. This
cell suspension containing <2%T cells and a variable num-
ber of monocytes will be referred to as the "B cell population."
The pellet of rosetted MNCwas resuspended and spun
through a second Ficoll-Hypaque gradient. A second centrif-
ugation over Ficoll-Hypaque gradients reduces the number
of contaminating nonrosetting cells in the pellets. The rosetted
lymphocyte population was treated with ammonium chloride-
lysing buffer to remove sheep erythrocytes. This cell sus-
pension containing <2% nonrosetting cells will be referred
to as the "T cell population."

Lymphocyte cultures. All cell populations were washed
extensively in balanced salt solution and suspended in
RPMI 1640, supplemented with 2 mMglutamine, 100 IU/ml
streptomycin, and 10%heat-inactivated fetal bovine serum (all
reagents from Gibco Laboratories, Grand Island Biological

Co., Grand Island, N. Y.). The cells were cultured at various
concentrations in 16 x 125-mm round bottom tubes (Falcon
Labware, Div. of Becton, Dickinson & Co., Oxnard, Calif.)
at 37°C with or without the addition of EBV and/or PWM.
Mononuclear cells and B cells, when cultured alone, were set
up at 1.0 x 106 and 0.5 x 106/ml, respectively; in co-culture
experiments, 0.5 x 106 B cells or 0.5 x 106 MNCwere mixed
with 2.0 x 106 T cells. EBVwas obtained from supernates of
B95-8 continuous cell cultures, as previously described (16),
and added at a final dilution of 50 Al/ml of culture. PWM
was added at a final concentration of 10 ,ul/ml. After 7 d, the
cultured cells were washed three times in balanced salt solu-
tion and the number of immunoglobulin-secreting cells (IgSC)
was assessed in a reverse hemolytic plaque assay.

Reverse hemolytic plaque assay (RHPA). The principles of
the RHPAhave been previously described (17-19). Briefly,
0.1 ml of the suspension to be tested was added to 0.25 ml of
1.12% agarose (Sea Plaque, Marine Colloids, Inc., Rockland,
Maine) preheated to 43°C in 10 x 75-mm glass culture
tubes. Then 0.025 ml of a 30%suspension of protein A-treated
sheep erythrocytes was added to the tubes; the contents were
mixed and transferred to 60 x 15-mm petri dishes that had
been precoated with 4 ml of 2.5% agarose. The petri dishes
were quickly swirled to distribute the cell-agar mixture into
a uniform monolayer. 1 ml of appropriately diluted polyvalent
rabbit anti-human antisera (with specificity for G, A, M, K, and
L) or solid-phase absorbed class-specific rabbit antisera (with
specificity for G, A, or M heavy chains) was added to each
dish. After 1 h-incubation at 37°C, 1 ml of sheep erythro-
cyte-absorbed guinea pig complement (Gibco Diagnostics
Laboratories) diluted 1:8 was added. After an additional hour
of incubation, the supernatant fluid was aspirated and the
number of plaques was determined under 7x magnification.
Results are expressed as total number of IgSC per culture
(means of duplicate determinations). The RHPA is used to
determine the total number of IgSC present at any point in
time in a given lymphocyte culture, regardless of the speci-
ficity of the antibody produced by those cells. This assay differs
from competitive radioimmunoassays that measure the cumu-
lative amount of immunoglobulin secreted into the culture
media over the period of culture. Results obtained with the
RHPAin our experience closely parallel those obtained with
the radioimmunoassay. The immunoglobulin-secreting cell
response in each group is expressed as the geometric mean.
The statistical significance of differences between group
means was determined with a two-tailed t test.

RESULTS

In vitro plaque-forming cell response to PWMantd
EBV. The in vitro plaque-forming cell response to
EBV has been shown to be T cell independent in
adults (16), while the response to PWMis T cell and
macrophage dependent (20-23). The ability of cord
blood MNCto respond to either PWMor EBV is
shown in Fig. 1. Cord blood MNCclearly were able to
generate IgSC when cultured with EBV, although the
response was quantitatively reduced when compared
with that of normal adults. The mean response for
normal adult MNCin the presence of EBV was 1774
x 1.25 (geometric mean x SEM) IgSC/culture and
237 (1.15) IgSC/culture for neonatal lymphocytes
(P < 0.001). By contrast, virtually no IgSC were gen-
erated in neonatal lymphocyte cultures stimulated with
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FIGURE 2 Inhibition of IgSC generation by normal MNCco-
cultured with neonatal T cells in the presence of PWMand
abolition of this suppressor activity by irradiation of the T
cells with 2,000 rad. Normal MNC(0.5 x 106) were cultured
with 2 x 106 adult or cord T cells.

PWM. Purified cord blood B cell suspensions also
produced a detectable plaque-forming cell response
to EBV, although again this was reduced when com-
pared with that of normal adults. In 10 experiments the
mean number of IgSC was 2595 (1.16) for adult
B lymphocytes and 551 (1.08) for cord blood (P
< 0.001).

Neonatal T cells suppress PWM-induced plaque-
forming cell responses. To determine the basis for the
failure of cord blood cells to respond to PWM, a
variety of co-culture experiments were performed com-
bining cord and adult lymphocyte populations. First,
normal adult MNCwere co-cultured with cord blood
T cells in the presence of PWM. Fig. 2 summarizes
eight such co-culture experiments. Our results indicate
that cord blood T cells suppressed by >80% the
PWM-induced generation of IgSC of the co-cultured
adult lymphocytes. The suppression was prevented
by preirradiation of the cord blood T cells with 2,000
rad. These findings suggested that the failure of the
neonatal MNCto respond to PWMmight be ac-
tively mediated by a radiosensitive suppressor T cell.
Since the neonatal MNCresponded to EBVhowever,
the possibility that this suppressor cell might require
PWMfor its activation was further examined. Both
PWMand EBVwere therefore added simultaneously

TABLE I
Polyvalent IgSC Responses from Newborn and Adult MNC

Cultured with PWM,EBV, and PWM+ EBV

Stimulant
Type of

Experiment culture* PWM EBV PWM+ EBV

plaqueslculture t

1 Cord 0 640 40
Adult 7,500 2,300 8,000

2 Cord 0 700 40
Adult 7,800 1,800 9,200

3 Cord 0 520 20
Adult 5,800 1,500 7,900

* 7-d cultures of 1 x 106 MNCfrom newbom infants and nor-
mal adult individuals.
t Developed with polyvalent reagent.

to cultures of cord and adult blood MNC. As shown in
Table I, adult MNCresponded very well to this double
mitogenic stimulus, 8346 (1.05) IgSC, although the
response of cord MNCwas profoundly depressed
compared with the response induced by EBV alone:
31 (1.05) vs. 615 (1.09), P < 0.001. Thus, although
cord blood T cells do not spontaneously suppress the
response to EBV, these cells exhibit strong suppressor
activity after exposure to the T cell-dependent poly-
clonal activator, PWM.

Cord blood T cells provide normal helper activity.
The ability of neonatal T cells to provide helper
function was examined taking advantage of the observa-
tion that the activity of suppressor T cells is relatively
radiosensitive, as opposed to the activity of helper T
cells (24). Thus, irradiated (2,000 rad) cord blood T cells
were co-cultured with neonatal or adult B cells in the
presence of PWM. As a control, irradiated adult T
cells were employed. As shown in Fig. 3, irradiated
neonatal T cells provided help for both neonatal and
adult B cells. The mean value for IgSC generated by
0.5 x 106 neonatal B cells co-cultured with 2.0 x 106
neonatal or adult irradiated T cells was, respectively,
2432 (1.14) and 1943 (1.21) (P = 0.5); for adult B
cells co-cultured with neonatal or adult T cells, the
mean responses were 9688 (1.08) and 9372 (1.10),
respectively (P = 0.75). In addition, the relative fre-
quency of IgSC of each class was similar in cocul-
tures of adult B cells with either adult or neonatal
irradiated T cells, indicating that neonatal T cells pro-
vide normal helper function for each class of IgSC
(Table II).

Class distribution of IgSC generated by cord blood
B cells. The class distribution of IgSC generated by
cord blood B cells was determined by developing the
plaques in the RHPAwith isotype-specific rabbit anti-
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FIGuRE 3 PWM-induced, IgSC responses obtained from 0.5
x 10M neonatal or adult B cells cultured with 2 x 106 neonatal
or adult irradiated (2,000 rad) T cells.

human IgG, IgA, or IgM antisera. Cord blood B cells
activated by EBV or PWMin the presence of adult
helper T cells were examined. As shown in Table
III, cord blood B cells produced only IgM-secreting
cells; no IgG- or IgA-secreting cells could be identified.
In addition, the relative frequency of IgM-secreting
cells in cultures of cord blood B cells was lower than
in cultures of adult B cells. This finding suggests that
cord blood B cells are qualitatively and quantitatively
deficient in their capacity to generate IgSC.

DISCUSSION

Both B and T cells of human newborns have significant
functional differences when compared with the B and T
lymphocyte populations in adults. These differences

account for the impaired immunoglobulin production
of human newborn lymphocytes in vitro and may also
help to understand the mechanisms underlying
impaired antibody responses in vivo.

Cord blood T cells consistently suppressed in co-
culture the activation of B lymphocytes into IgSC
in the presence of a T cell-dependent activator,
PWM.The specificity of these neonatal suppressor T
cells is without apparent preference for an individual
immunoglobulin class. In addition, the suppression is
not specific for neonatal lymphocytes, because PWM-
induced responses of adult mononuclear cells are also
markedly suppressed. Interestingly, cord blood mono-
nuclear cells, although unable to produce significant
quantities of immunoglobulin when cultured with
PWM,did generate IgSC in cultures stimulated with a
T cell-independent activator, EBV. Only when PWM
was added to the cultures did the neonatal T cells
suppress immunoglobulin production. This observa-
tion suggests that cord blood T cells, unlike normal
adult T cells, are triggered by PWMto become acti-
vated suppressor cells that prevent the differentiation
of B cells into IgSC.

This pattern is not observed in most diseases asso-
ciated with increased suppressor T cell activity, such
as common variable hypogammaglobulinemia and
infectious mononucleosis (25). T cells obtained from
these patients are usually able to suppress the in
vitro generation of IgSC in the presence of T cell-
independent B cell activators such as Nocardia and
EBV, in addition to PWM.This suggests that the sup-
pressor T cells in human newborns either belong to a
different cell subset, or are perhaps functionally im-
mature in that they require activation to express their
suppressor function.

Previous reports have suggested that lymphoid cells
from human newborns inhibit the proliferative re-
sponses of normal adult lymphocytes stimulated with
mitogens or allogeneic cells (8-11). Similarly, and in

TABLE II
Class Distribution of IgSC Produced by PWM-activated Adult B Cells

Cultured with Adult or Neonatal Irradiated T Cells

Type of culture* Experiment IgG IgA IgM

plaqueslculture

Adult B cells 1 8,200 3,500 4,900
+ 2 7,200 1,280 1,800

Adult irradiated T cells 3 6,400 2,400 3,100
Adult B cells 1 8,400 2,800 2,400

+ 2 6,400 1,100 2,200
Neonatal irradiated T cells 3 5,520 1,200 2,950

B cells alone stimulated with PWMproduced <10 IgSC/culture.
* B cells (0.5 x 106) were cultured with 2 x 106 irradiated (2,000 rad) T cells.
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TABLE III
Class Distribution of IgSC Generated by EBV- and PWM-activated Cord Blood

B Cells

Cells cultured* Activator Experiment IgG IgA IgNM

plaqueslculture

Neonatal B cells EBV 1 0 0 180
2 0 0 220
3 0 0 260

Neonatal B cells PWM 1 0 0 1,400
(with normal help) 2 10 0 1,200

3 0 0 1,750

* Neonatal B cells (0.5 x 106) were cultured with EBV, or mixed with adult irradi-
ated (2,000 rad) T cells (2 x 106) and stimulated with PWM.

agreement with our observations, most studies (4, 5,
12-14) have presented evidence for neonatal T cell
suppressor activity for B cells stimulated with PWM.

Recent studies have attempted to characterize further
the T cell subset responsible for the suppressor func-
tion in cord blood. Oldstone et al. (12) found that these
suppressor cells bear Fc IgG receptors; Hayward et al.
(13) indicate that these T cells bear Fc IgM receptors;
and Durandy et al. (4) detected suppressor T cells
both in Ty-enriched and Ty-depleted populations.

Cord blood B cells appear to be functionally defective
in their capacity to generate IgSC in vitro when com-
pared with adult lymphocytes. This B cell function
was evaluated, after removal of the T cells, by stimu-
lating cord blood B cells in culture with either EBVor
PWM, in the presence of normal T cell help. Under
these conditions, cord blood lymphocytes produced
only small numbers of IgSC restricted to the IgM class,
while no significant IgA- or IgG-secreting cells were
obtained. In agreement with our findings, Hayward
et al. (3) and Durandy et al. (4) have shown that the
PWM-induced differentiation of neonatal B cells into
plasma cells could be enhanced by normal adult helper
cells. Morito et al. (5) found meager immunoglobulin
production by cord blood B cells even in the presence
of allogeneic adult helper T cells. Interestingly,
although B cell activation into IgSC is deficient in the
newborn as compared with the adult, at birth the
percentage of peripheral blood B lymphocytes stain-
ing for surface-bound IgG, IgA, and IgM is within
the range found in the peripheral blood of adult sub-
jects (1). This indicates that in human ontogeny there
is a physiologic lag between the emergence of B
lymphocytes and their ability to generate IgSC of all
classes. It is tempting to speculate that the subset of
patients with common variable hypogammaglobu
linemia characterized by normal B cell profiles and
normal IgM but absent IgG and IgA production may

share a similar basis with this "physiologically limited"
B cell activation of the normal human neonate.
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