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A B S T R A C T Newborns are unable to produce normal
amounts of immunoglobulin despite the presence of
circulating lymphocytes with surface immunoglobulin
(Ig). This study was designed to examine the cellular
basis of such impaired Ig synthesis in the newborn
infant. An in vitro assay for IgG and IgM synthesis was
employed which measured the Ig present in the super-
nates of pokeweed mitogen-stimulated cord blood
and/or adult peripheral mononuclear cells (MNC).
Results were as follows: (a) the addition of cord blood
MNC to adult MNC suppressed both normal IgG and
IgM production; (b) addition of a suspension of adult
thymus-derived (T) cells to cord bone marrow-derived
(B) cells did not enhance the production of Ig; (c) the
addition of cord T cells to adult B cells did not enhance
normal Ig production but did significantly depress IgM
and IgG synthesis; and (d) irradiation of cord T cells
with 2,000 rads removed the suppressive effect of cord
T cells on adult MNC. A similar reversal of the sup-
pressive effect exerted by cord MNC was also seen in
the presence of 10 ,M of hydrocortisone. It appears
that the inability of newborn infants to make normal
amounts of Ig is a result of a combined B-cell defect
and the presence of a steroid-sensitive and radiosensi-
tive suppressor cord T cell.

INTRODUCTION

A number of studies have indicated that the newborn
state is associated with a spectrum of abnormalities of
immune function. Tolerance of the fetus by the mother
without immunological rejection represents the inter-
play of numerous mechanisms, few of which are as yet
clearly understood (1, 2). Investigations have been
directed at attempts to unravel specific aspects of the
maternal-fetal relationship including various types of
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blocking factors (3-6) as well as changes in lympho-
cyte interactions (7, 8). One of the most interesting
features of the newborn state revolves around the ap-
parent impairment ofde novo immunoglobin synthesis
in the face of normal proportions and numbers of bone
marrow-derived (B) cells with surface immunoglobulin
(Ig). Such a situation could theoretically arise from
overactive suppressor activity or ineffective thymus-
derived (T)cell help. A series ofobservations by Olding
et al. (9, 10) indicated a suppressive effect of newborn
human lymphocytes on division ofcocultured maternal
T lymphocytes. Additional evidence for active sup-
pression by T-suppressor cells in human cord blood has
recently been presented (11). This study was directed
at an attempt to answer a number of specific questions:
(a) do human cord lymphocytes suppress Ig production
of adult human B lymphocytes? (b) are cord B cells
capable ofbeing helped by adult helper T cells? and (c)
is the human cord suppressor cell sensitive to indo-
methacin, corticosteroids, or irradiation? This study
attempts to examine human T- and B-cell interactions
in cord and adult samples to dissect out features of
cellular interaction which might contribute to lowered
or depressed immune reactivity during the newborn
and early human developmental period.

METHODS
Preparation of lymphocytes. Peripheral blood mono-

nuclear cells (MNC)1 were separated on Ficoll (Pharmacia
Fine Chemicals, Inc., Piscataway, N. J.) -Hypaque (Winthrop
Laboratories, New York) gradients (12) and washed three
times with Hanks' balanced salt solution (HBSS). Normal
adult control samples were obtained from healthy donors of
both sexes between the ages of 18 and 45. Cord blood was
obtained from placentas at the time of delivery and placed
in heparinized tubes (preservative-free heparin, 1,000 U/10
ml blood). Cells were adjusted to 1.0 x 106/ml in RPMI 1640

'Abbreviations used in this paper: FCS, fetal calf serum;
HBSS, Hanks' balanced salt solution; MNC, mononuclear
cells; PBS, phosphate-buffered saline; PWM, pokeweed
mitogen.
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with 10% fetal calf serum (FCS) and 0.1 mg/ml of gentamicin.
T- and B-lymphocyte fractions were separated by density
sedimentation of E rosettes (13). The profile of separated
lymphocytes is described below. When isolated T and B cells
were prepared, glass-adherent cells were removed from MNC
by incubating the cells on glass Petri dishes with 10% FCS
for 40 min at 37°C. The supernate containing the non-glass-
adherent cells was removed and washed with HBSS.

Cell surface markers. T lymphocytes were detected by E-
rosette formation with neuraminidase-treated sheep erythro-
cytes (13). B lymphocytes were detected by a combination of
surface marker assays including EAC-rosette formation (14),
EA-rosette formation (15), and fluorescein isothiocyanate-
labeled rabbit F(ab)2' anti-human F(ab)2'. Enriched T-
lymphocyte suspensions contained >90% E rosette-forming
cells and <10% EAC rosette-forming cells, 5% EA rosettes,
and no more than 1% membrane Ig-positive cells. B lympho-
cyte-enriched cell suspensions contained <10% E rosette-
forming cells and >60% EAC rosettes, and 40-50% mem-
brane Ig-positive cells. Cell viability was >95% in all cell
preparations as determined by trypan blue exclusion. Cell sus-
pensions were incubated for 7 d in the presence of an optimal
concentration of pokeweed mitogen (PWM, 1:200 dilution,
Grand Island Biological Co., Grand Island, N. Y.). The culture
medium consisted of RPMI 1640 with 10% heat-inactivated
FCS and 0.1 mg/ml gentamicin. Several lots of FCS were
tested for cytotoxicity, and the optimal one was used in sub-
sequent experiments. Microculture plates (Linbro Chemical
Co., Hamden, Conn.) were maintained at 37°C with 5% CO2.
In mixture experiments between cord and adult MNC, equal
numbers of cells were mixed (a total of 3.0 x 105 cells) in
250 ul of culture medium which contained PWM. In some
experiments, cord MNC suspensions were irradiated with
either 100 or 2,000 rads before mixing. In other instances
1 ,tM of indomethacin (final concentration) (Sigma Chemical
Co., St. Louis, Mo.) or 10 ,uM of hydrocortisone succinate
(Sigma Chemical Co.) was added to the culture medium. The
indomethacin was added to the cultures as previously de-
scribed (16). Controls for the indomethacin-addition experi-
ments consisted of 0.01% ethanol without indomethacin. To
facilitate the study of cellular interactions, enriched T- and
B-cell suspensions were separated and mixed in varying ratios.
B lymphocytes were adjusted to 6 x 104 cells per well. To
this constant number of B cells, varying numbers of T cells
were added. The total volume in each microwell was 250,ul.
After 7 d plates were centrifuged (500 g for 10 min), and
supemates were collected for radioimmunoassay measure-
ment of Ig.
Radioimmunoassay for supernatant 1gM and IgG. Flat-

bottom flexible microtiter plates (Cooke Lab Products Div.,
Dynatech Labs, Inc., Alexandria, Va.) were used for solid-
phase radioimmunoassays. 100 ,ul of purified IgG or IgM
(20 .g/ml in phosphate-buffered saline [PBS] that contained
0.01% sodium azide) was placed in the wells. Plates were
incubated 1 h at 37°C and 16 h at 4°C. Afterward, incubation
wells were washed three times with PBS and dipped in
gelatin buffer (PBS, 0.03% gelatin, 0.01% sodium azide).
After 2 h at room temperature, plates were washed once with
Tween-20 (Atlas Chemical Industries, Inc., Wilmington, Del.)
buffer. The Tween buffer consisted of 0.05% vol/vol Tween
in PBS which contained 0.01% sodium azide. 50 yl of super-
nate was put in the wells, and 50 ,tl of 125I-labeled anti-IgG or
-IgM was added. Plates were incubated 30 min at 37°C and
30 min at 4°C for IgG or 12 h at 4°C for IgM. Wells were then
washed three times with Tween buffer, and individual wells
were cut out with scissors and measured in a gamma counter.
The results were compared with a standard curve prepared by
doubling dilutions of purified Ig (10 ug/ml to 10 ng/ml).

Exact amounts of Ig in supernates were calculated by a com-
puter. The computer program had two parts. First, a polynomial
regression ofthe standard curve was established from standard
dilutions, and second, each count was calculated by the poly-
nomial regression.
Human IgG was purified from human gamma globulin

Fraction II (Pentex Biochemical, Kankakee, Ill.) by DEAE
chromatography. Human IgM was purified from pooled
Waldenstrom patients' plasma with a euglobulin precipitation
method and DEAE chromatography. Specificity of the anti-
Ig antisera was verified by immunodiffusion with isolated Ig
components. Rabbit anti-IgG and anti-IgM were isolated by
passage of monospecific serum through appropriate immuno-
absorption columns and elution of specific antibody before
labeling. The purified monospecific anti-Ig were radiolabeled
with '251 by the chloramine-T method (17).

RESULTS

Initially, experiments were performed to measure IgG
and IgM production ofadult MNC vs. cord MNC and in
mixtures of the two. Normal adult MNC produced
4,005±596 (mean±+SE) ng/ml of IgG and 2,497±489
ng/ml of IgM. Cord MNC produced only 105±40 ng/ml
of IgG and 37±12 ng/ml of IgM. In nine mixture
experiments between adult and cord MNC, adult Ig
production was remarkably diminished (P < 0.005 for
IgG and P < 0.0025 for IgM). The predicted amount
is indicated by the dark bars in Fig. 1. Predicted values
were calculated with the following formula: Adult Ig
production + cord Ig production/2 = predicted Ig
production.
A significant suppression of Ig production was not

observed in 20 mixture experiments with allogeneic
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FiGuRE I Ig production by PWM-stimulated human adult
and cord blood cells. C x C = Ig production by 3.0 x 105 cord,
MNC expressed as nanograms per milliliter (mean-SE) of
IgG or IgM in 0.25 ml of culture medium (nine experiments),
A x A = Ig production by 3 x 105 adult MNC (nine experi-
ments), A x C = Ig production by an equal mixture of cord
blood (1.5 x 105) and adult MNC (1.5 x 105) (nine experi-
ments). The predicted production (dark bar) of C x A was
calculated as described in Results.
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TABLE I
Effect on Ig Production Resulting from the Mixture

of Adult Allogeneic Cells

Cell type IgG IgNt

ng/ml

A, x A,* (1:1) 2,002.7±298. 1 1,248.5±244.51
Al x A2* (1:1) 1,529.7±222.8 1,347.1±381.2

B, x T,* (1:1) 1,312.4+258.4 1,008.5+267.1
B1 x T2* (1:1) 1,315.9±531.6 1,007.9±282.8

There was no statistical difference between Ig production of
A, x A, and A1 x A2 (0.10 < P < 0.15 for IgG, 0.40 < P < 0.45
for IgM). Likewise there was no significant difference
between B, x T, and B, x T2 (0.495 < P < 0.497 for IgG,
0.497 < P < 0.499 for IgM).
* A, x Al = Syngeneic cell culture; Al x A2 = allogeneic cul-
ture between two different adults cells; B1 x T, = syngeneic
culture between autologous B and T cells; B1 x T2 allo-
geneic culture between purified B and T cells derived from
two different adults.
4 Ig produced by 1.5 x 105 cells in 0.25 ml of culture medium
(mean± SE).

adult MNC. As seen in Table I, the Ig production from
syngeneic cultures of normal adult cells (A1 x A1) was
not significantly different from allogeneic cultures of
normal adult cells (Al x A2) (0.10 < P < 0.15 for IgG,
0.40 < P < 0.45 for IgM). Likewise, there were no
significant differences between allogeneic vs. syngeneic
cultures of B and T cells (Table I).
When normal adult B lymphocytes were cultured

with PWM without T lymphocytes, Ig production was
impaired. To examine the influence of T lymphocytes
on Ig production by B lymphocytes, T and B lympho-
cytes were separated and cocultured in varying ratios
(Figs. 2 and 3). When varying ratios of adult T cells
were added to a constant number of adult B lympho-
cytes, B lymphocytes were stimulated to produce IgG
and IgM. However, if cord T lymphocytes were added
to adult B lymphocytes, cord T lymphocytes sup-
pressed or did not help Ig production ofadult B lympho-
cytes. In Fig. 2 it can be seen that the addition of cord
T cells to adult B cells caused a significant inhibition of
IgM production (P < 0.05). A similar suppressive
effect was noted with IgG (Fig. 3) (P < 0.05). Cord T
lymphocytes did not help cord B lymphocytes to
produce Ig. Moreover, if adult T lymphocytes were
added to cord B lymphocytes, cord B lymphocytes did
not respond with increased supernatant Ig production.
These data are shown in Figs. 2 and 3.
To determine if the lowered Ig production noted in

adult and cord MNC cocultures was modified by
glucocorticoids, indomethacin, or x ray, the Ig produc-
tion in mixed-cell suspensions was measured after the
addition of these drugs to the culture medium or after
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FIGURE 2 The effect on IgM production resulting from the
addition ofT cells to enriched B-cell suspensions. AB = adult
B cells, AT = adult T cells, CB = cord B cells, and CT = cord
T cells. 6 x 104 B cells were present in each well to which
varying numbers ofT cells were added. Results are expressed
as the mean+SE of five different experiments.

irradiation of cord cells. Results of these experiments
are shown in Fig. 4. In the presence of indomethacin
(1 ,uM), there was no significant change in Ig produc-
tion. Likewise, when the cord MNC were irradiated
with 100 rads before mixing them with adult MNC,
there was no significant change in Ig production. How-
ever, if purified cord T cells were irradiated with 2,000
rads before addition to unfractionated adult MNC, the
suppressive effect of the cord cells was abrogated and
Ig production increased to normal levels. These data
are shown in Fig. 5.
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FIGURE 3 The effect on IgG production resulting from the
addition of T cells to enriched B-cell suspensions. AB
= adult B cells, AT = adult T cells, CB = cor'd B cells, and
CT = cord T cells. 6 x 104 B cells were present in each well
to which varying numbers of T cells were added. Results
are expressed as the mean+-SE of five different experiments.
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FIGumE 4 The effect of drugs and low dose x ray on the Ig
production by mixtures of cord blood and adult mononuclear
cells. C x A = Ig production by an equal number of cocul-
tured cord blood (1.5 x 105) and adult MNC (1.5 x 105). Re-
sults (dark bar) are expressed as the mean+SE in nanograms
per milliliter supernate (four experiments). The predicted
synthesis was calculated as described in Results. I = indo-
methacin (1 ,uM), S = hydrocortisone succinate (10 ,uM), x ray
means that the cord blood cells were irradiated with 100 rads
before coculture with unirradiated adult cells.

Finally, when hydrocortisone succinate (10 utLM) was
added to mixtures of adult and cord MNC (Fig. 4), the
amounts ofIgG and IgM produced were not decreased,
but rose to within the predicted range. Restoration of
Ig production in the latter cord-adult cell mixed
cultures was further explored with brief, 3-h preincu-
bation of either adult or cord MNC with the same con-
centration of hydrocortisone succinate followed by
washing three times with HBSS. These experiments
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did not result in IgG or IgM production within the
predicted range, which indicates that continuous or
more prolonged presence of corticosteroid was neces-
sary for restoration of expected Ig production.

DISCUSSION

The addition of cord MNC to adult MNC leads to an
impairment ofpredicted IgG and IgM production. The
results obtained with enriched B and T cells did not
differentiate initially between the possibility that cord
T lymphocytes have an increased suppressor effect
or a deficient helper influence. However, the mixture
experiments with unfractionated MNC were consistent
with the possibility that the impaired Ig production
observed when cord and adult MNC were cocultured
might be a result of the presence of a cord suppressor-
cell subpopulation. In addition, it was clear from the
data presented here that cord B lymphocytes cannot
respond normally to adult T helper-cell populations.
The lack of Ig production by cord B cells in the pres-
ence of allogeneic adult helper T cells may have been
a result of the fact that exact histocompatability
matching between interacting cells is necessary
for effective help to occur. However, this seems
unlikely because allogeneic combinations between
adult T and B cells resulted in effective Ig production
and no relative diminution in Ig synthesis (Table I).
Autologous cord T cells showed no effective cellular
interaction with cord B cells and no detectable incre-
ment in Ig production. These findings support the
experiments of Yata et al. (18), who found that in most

AWCXCT AfMCXCT AmcxAT AUNCxAT
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FIGURE 5 The sensitivity of cord suppressor T cells to 2,000-rad dose of x ray. Purified cord or
adult T cells were added to unfractionated adult MNC (1:1.6). A = adult, C = cord. The cord or
adult T cells were irradiated with 2,000 rads (experiments shown as dark bars) before addition to
unirradiated adult cells.
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instances, strict requirement of histocompatability
matching between human T and B cells in mitogen-
induced in vitro Ig production was not necessary.
Our results support the findings of Oldstone et al.

(11), who showed that newborn T cells suppressed the
production of IgG by maternal B cells. In addition,
these workers showed that cord blood T-lymphocytes
bearing Fc receptors for IgG effectively suppressed
maternal lymphocyte proliferation and are effective
in reducing maternal B-cell production of IgG. How-
ever, another recent report by Hayward and Lydyard
(19) suggested that a cord T cell with an Fc receptor
for IgM as well as cells with an IgG-Fc receptor
suppressed B-lymphocyte differentiation.
With these data in mind, the striking changes re-

corded after in vitro treatment of cells with cortico-
steroids are of considerable interest. Addition of
steroids to the cultures enhanced IgG and IgM pro-
duction to the predicted levels in coculture experi-
ments involving cord and adult MNC. These findings
may relate to stimulation of B cells, obliteration of
putative suppressor cells, or to enhancement of helper
T effects by corticosteroid action. Our results are
similar to those of Fauci et al. (20), who attributed
enhanced plaque-forming cell responses in the pres-
ence of hydrocortisone to modulation of the triggering
signal either directly on B cells or through changes in
balance ofT-cell regulation of B-cell response. Further-
more, data obtained with short-term 3-h preincubation
with corticosteroid followed by washing indicate that
steroid may be necessary through coculture to restore
normal Ig synthesis.

In contrast to results noted after in vitro corticosteroid
addition, no significant effects were recorded when
in vitro indomethacin was added to cord and adult
cells in cocultures. This would indicate that prosta-
glandin-producing suppressor cells (16) are probably
not a significant governing factor in basic control of Ig
synthesis under such circumstances.

Finally, the relative increment in Ig production after
2,000 rads irradiation of cord T cells then cocultured
with adult MNC provides direct evidence for radiation-
sensitive cord T-suppressor cells. Such suppressor
cells sensitive to irradiation have been previously
described in adult patients with hypogammaglobu-
linemia (21). The cord suppressor T cell, however, was
not affected by low-dose (100 rads) irradiation.
These studies provide initial base-line data which

may eventually be of use in dissecting out the precise
mechanisms of immunological immaturity long recog-
nized to be intrinsic to the human newborn state.
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