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INTRODUCTION :

Pregnancy has been regarded

as a successful natural allograft.
The resemblance of the usual mam-
malian pregnancy with its genetically
dissimilar participants to a host with
an allograft might lead one to expect
its failure as a self-perpetualion mec-
hanism. The mechanism whereby a
histocompatible tissue can erow with-
out evidence of imm'unoiogical injury
in the gravid female are still far
from clear. Its success has led to seve-
ral hypotheses wusually centered on
either defective or blocked cellular
immune capabilities of the natural
host, nonantigenicity of the fetal graft.
or an immunologically neutral placen-

tal separation zone between host and

graft (1=3)  The cell-mediated imm-
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unocompetency of fetal lymphocytes
is an interesting and unsertled topic.

Morphologically, human neonatal blood
lymphocytes are larger 45) and have
higher nucleo-cytoplasmic ratios and
more leptochromatic nuclei (6) than
lymphocytes of adults. Both of the
newborn and adult blood lymphocyte
populations have similar numbers of
B and T cells (7-9). Metabolically,
neonatal lymphocytes demonstrate a
higher labelling
RNA (96) and DNA (45:10,1D pap
do similarly prepared adult cells, and
evidence has been presentd for a high-
labelling lymphoid cells in - human
neonatal lymphocytes (5,10). Function-

in  vitro index for

ally, neonatal lmphocytes react vigor—

ously to PHA (12,13) 4nq to certain
antigens {14), and they are cytotoxic
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for 31 Cr-labelled chicken erythrocytes
(15)- Fetal and neonatal lymphocytes
manifest transplantation antigens'10-18)
but these cells react less vigorously
with maternal than with stranger lym-
phocytes in the mixed-lymphocyte-cul-

ture reaction (16>

The depression of the maternal
cellular immunity may play akev role in
the nonrejection of the fetus is suggested
by the observations of depressed delayed

19) and in

vitro lymphocyte respoise 1o ppD (20)
and dalayed allograft rejection found
21)

Skt
cutaneous hypersensitivity

in pregnant women However,
depression of cell-mediated immunity
may be either generalized or specific,
tl}e latter being a form of immuno-

logical tolerance 22,23).  On the
other hand. generalized depression of
cellular immunity is seen in a variety
of congenital or acquired immune
deficiency disorders and is characte-
rized among other parameters, by an
impaired or absent response of the
blood lymphocytes to plant mitogen,

pHA (924-27),

ession of gravida’s

If generalized depr—
cellular immune
signifiicant

explanation for the survival of preg-

system is a Dbiologically

nancy, one would expect lymphocytes
obtained from pregnant women 10

Yol. 8 No. 3

show a clearly depressed or absent
response to PHA stimulation. In- the

recent study by Carr and associates (28)
the reactivity to PHA by peripheral
blood lymphocytes taken from women
at different stages of pregnancy was
compared to that of lymphocytes of
nonpregnant women. The results clear-
ly showed that optimal PHA respon-
siveness as gauged by DNA synihe-
sis was not- consistently depressed
in gravida lymphocytes, and there-
fore the resulis do not support the
thesis of generalized depression of ma-
ternal cellular immunity as the €xp—
lanation for nonrejection of the fetus
during human gestation. 1Tt is interes-
ting to note that, while the DNA
synthesis of lymphocytes from preg-
nant women on the average was not
significantly depressed in their response
to optimal PHA doses when compared
to control women, the shapes of the
mean dose-response curves suggest that
gravida lymphocytes required lower
PHA than control lymphocytes for

optimal stimulation (28),

The importance of testing PHA
response at more than one dose level
was stressed by Fitzgerald (29" who
demonstrated that person with deficient

cellular immune capacity may show
a depressed response to a low dose of

PHA, while responding mormally to
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a higher dose. ?crip‘nerai blood Ilvm -

phocytes acquire PHA responsiveness

at 14 weeks of gestation (30). Blood
lymphocytes of full-term newborn in-
fant (6,11:31) and of premature new-
born infants 31 react more vigorou-
sly than adul’s lymphocytes to stim-
ulation by PHA and anti-human lvm-
phocyte globulin (ALG) 32),  Other
workers have seen no differences in res-

ponse to PHA stimulation between new-

born and adult’s lymphocyte_\(13‘33‘36)

or even a diminished response of new
born lymphocytes (37-39)- These dif-
ferences may be explained, in part, by
differences in PHA dosages used.

Since both the gravida and
newborn lymphocytes have in vitro a

DNA

rate (6.11,28,40-42) \han control non-
pregnant adult lymphocytes (12513,43)
and variable resuits of response 10 a
single dose PHA stimulatioi (6,11,28-
31,33-39,44-47),
interest to investicate
“shift to the left”

PHA dose-response curve does occur
in neonatal lymphocyte culture similar
to those of gravid lymphocyies 28, In
sensi-

higher spontaneous synthesis

is of particular
whether the
phenomenon of

the present siudy, for maximal
tivity, a dose-responses relationship
with 8 PHA concentrations has been
determined and responses are measured
by 3 H-TdR uptake.

for 96 hours with autologous
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MATERIAL AND

Ten normal newborns and 8
healthy adults were studied. Cord

blood samples were collected in the

METHOD :

delivery room within 5 minutes of

birth from the umbilical vein. Adult
blood samples were obtained from
cubital vein. The blood specimen was
drawn into a 12 ml sterile plastic
svringe containing heparm (50 units/
ml. of blood) and immediatelv mixed
with one fifth volume of sterile 6%
dextran solution. The lymphocyte rich
plasma sample was obtained by gra-
vity sedimentation and cultures at 37'C
plasma
(6.7% V/V) and varying doses of PHA
ranging from 5 ul to 70 ul/1.5 ml of

total culiure volume. One microcurie

of ritiated thymidine soluiion was
added into each culture tubes during
the last 18 hours of experiment. All
culiures were carried out in triplicates.
Results are expressed as the prolifer-
ation index (P.L).

Pl average cpm. of stimulated cells

average cpm. of unstimulated cells

The detail of the microiechnique
emploved in this study is being describeq
in this issue of the journal.

RESULTS :
As shown in the Figure I., all heal-

thy adult and cord blood lymphocytes
demonstrate a linear increase of 3 H-
TdR incorporation related to the doses
of PHA then declined forming a sha-
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rply peaked dose-response curves- The
Jower peak response of cord blood lym-
phocytes is misleading since the uns-
timulated cells incorperated 3H-TdR
higher than those of lymphocytes from
adult conirols. At any rate, it is cle-
arly shown that cord blood lympho -
cytes respond to lower PHA doses bet-
ter than adult’s lymphocytes with
a peak response at 10 ul PHA/1.5ml
culture compared to the peak at 30 ul
PHA/1.5 ml culture of the latter:

DISCUSSION :

Several investigators reporied a
normal distribution of proliferation rate
of lvmphocytes in response to PHA

stimulation '48:49) but this is nt the
(50-52) Our

(53-56)

case with the others
observation and those of other
have suggested a log-normal distribut-
jon of responses, and semi-log scale

for presentation of the results has

therefore been adopted (50,53.54,57-

60).

In considering the events in an
individual culture, it has been sugges-
ted that a logarithmic increase in the
rate of DNA synthesis in response to
PHA occurs with time ‘01, Celis
transforming in response to PHA rel-
ease blastogenic factor (62), and thus
each transforming cell is capable of
recruiting other cell into- mitosis. It
has been suggesied that 2 to 3 gen-
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erations occur in culture over a 3-day
period. The log dose-response curves
from concanavalin A (Con. A), PHA,
PWM (pokeweed mitogen) and LPS
(Lipopolysaccharide) show approxima-
tely linear responses dose levels below
the optimum (63). The dose-response
PHA and Con. A were
sharply peaked, whereas PWM and
LPS produced broad dose — response
curve (63). The decrease of incorpor-
ation above the optimum dose is tho-
ught to be due to toxicity of mitogen
(54). For Con. A and PHA, excess
mitogen appears to be
since elution of the miiogen can ena-
ble recovery of the full response (63,
64» Both LPS and PWM show a
marked lack of either tolerogenivity

shown .by the very
(63).

curve for

tolerogenic,

or toxicily as
broad Iog-dose response curves

The reasons for the non-normal
distribution of incorporation of 3y~
TdR into DNA could be accounted
for in 2 ways : the PHA response
might be dependent on a property
of lymphocytes which is not normal-
ly distributed. For example, the pro-
portion of T cells in peripheral biood
tymphocytes, (and therefore in  cultu-
red lymphocytes) may be such a para-
meter. Alternatively, a property - of
normal lymphocytes which is normal-
ly distributed might be amplified non-
linearly by PHA stimulation. Intrace-
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llular events could augment incorpor-
ation of 3H-TdR. There is a short
in in_vitro half-life of 3 H-TdR (65),
and transformation of lymphocytes in
response to PHA augments the thym-
idine salvage pathway ©6. Since
uptake of exogenous thymidine is
inhibited by endogenous thymidine,
utilization of the latter in response to
an increase in DNA synthesis would
potentiate the incorporation of the
exogenous (labeled) nucleotide. These
factors could result in a npon-linear
relationship before DNA synthesis and
3 H-TdR uptake and may account for
the fact that the results do not follows
a normal distribution.

Significant increases in the spon-
taneous DNA synthesis by neonaral
lymphocyte was again observed ip
this study. We have earlier made
this observation 427 a5 have others
(67-69). Although heterologous serum
and 20% autologous scrum have been
observed to cause this phenomenon(70),
it also occured when neither one of
them were employed (28)- Autologous
serum was used throughout this study
because: ‘i) fetal calf serum conuain
factors inhibiting the lymphocyvte tian-
sformation by up to 90% in compar-
ison with autologous serum; (ii) of
difficulties in obtaining fresh - AB
serum; Ciii > although the wuse of
serum-free media been reported (Cy,
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C, ) the problem in such assays is
the large number of lymphocytes (more
than 2 x 109 per culture) required
for the expression of transformation.
In clinical conditions serum factors
which block or enhance 'are encoun-
tered. In normal subjecis it seem
likely that the optimum expression of
transformation depends on a balance
between such factors: Among many
cancer patients with blocking factors
at 20% autologous serum, it was
found that when 10% autologous serum
is used the inhibition is often lost(54).

The process of peripheralization
of lymphocytes to peripheral lymph-
atic tissue may occur in human at
about the time of birth, and this
would also be accompanied by a rel-
ease of metabolically aciive cells into
the blood.

Part of the labeling index for
lympheid cells in neonatal blood may
be due to the presence of transitional
lymphocytes. Adults and neonaies
have approximately the same number
of B and T cell in their peripheral
circulation as judged by membrane
immunofluorescence and rosette form-
ation technique (7-9). Thus the hich
labeling index for neonatal l}mp—.
hocyies may reflect the presence of

more immature (ie. medium, large)

lymphocytes in newborn.
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FIGURE 1 : PHA DOSE-RESPONSE CURVES OF CORD 8LO0D(FETAL) AND ADULT'S LYMPHOCYTES

Additional findings are that neo-

natal lymphocytes not only seem to
possess 7 greater responss than cont—
rol lymphocytes doses
of PHA, but also respond optimally
at lower dose of PHA (shift to the left!
than control lymphocytes. An experi-
mental model exists which may exp~
lain these findings. That is the obser-
vation that the triggering of immuno-
cytes is a quantitative rather than a
qualitative such that

lymphocytes already exposed 1o smal)

at suboptimal

phenomenon,

amount of antigens or mitogen require
a smaller dose of another antigen orf
that needed to

mitogen otherwise

achieve a peak response 1, In this

situation, the peak respornse is seenat

a lower dose of mitogen, significantly
higher response are also seen at lower
dose, while the amplitude of the peak
response is not necessarily greater
than a normal peak response, In an
attempt 1o induce immunological tol-
erance to a highly purified protein
phytohemagglutinin (PPHA
born mice, Panzetta
observed the
vitro response of lymphocytes from
PPHA — immune mice than that of

lymphocytes untreated normal

in new-
and associates
significantly higher in

from
controls and from PPHA-to'erant mice,
at PPHA doses around the optimum
(72). Further more, lymphocyies from
PPHA-immune mice differ from con-
trol lymphocytes in that their PPHA
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dose-response curve is shift to the
left (72). In the light of the above

studies (28,67572) qur results could bz

interpreted as indicating low level
stimulation of neonatal lymphocytes
exist in utero.

Lymphocyte activation in  vitro

initiated by the interaction of milogens
with receptors on the cell surface (73-
76). Recently it has been suggested
that the mitogen is required during
certain critical steps in the cell cycle
(61,77,78). The kinetics of the reac-
‘tions between plant mitogens and cell
receptors has been studied in a num-
(74.79-81) e

law of mass

ber of investigations
reaction conform to the
action and thermodynamics and appear
to be completely reversible(80.,81). The
following fermula should then be valid

Re + Mi=Re Mi

Where Re is lymphocyte receptor,
Ni, mitogen and ReMi, mitogen-recep-
tor complex- Changing the concentra-
tions of the reactants results in corre-
sponding changes in the equilibrium,
Apparently the mitogens are required
at the beginning of the cell cycle in
order to make the cell enter the G
phase from the resting phase, GO This
event is designated preactivation. In
was shown that
contact

reports it
during a short

previous
lymphocytes
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with Con. A.
became stimulated although not suffi-
ciently to enter the DNA synthetic S

in vitro, in some way,

phase of the cell cycle (61,77.82),
Such cells were termed preactivated

lymphocytes.

The mechanism of preactivation was
studied by measuring the incorporation
of radioactive uridine into RNA. It seems
that a certain degree of RNA synthe-
sis is required for the cells to reach

a preactivated state (82). However, it
is by no means clear whether the new
synthesis of RNA is the limiting step
or if this occurs in some other meta-
bolic reactions, The RNA extracted
from preactivated cells did not differ
qualitatively from non-activated cells,
but the quantitative differences, espec-
ially with respect to labeling were
highly significant. Lymphocytes from
peripheral blood of adults are norma-
lly in a resting state. Upon stimula -
tion with PHA, the cells go through
the different
Before division they pass through the

G, period -preceding the DNA synth-

phase of cell cycle.

elic phase, S. and the lag period G2,
Bender and Prescott (83) have deter-
mined these periods in I)mphocﬂ.t's of
the adults afier PHA stimulaticn and

the G| period of these cells were at

Other investigators

least 24 hours.
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have studied the time course of the
macromolecule synthesis in lymphocytes
after stimulation in vitro and have
arrived at similar conclusicn. The DN&
synthesis starts at 20-24 hours after

stimulation (41> and then rises linearly

for at least 48 hours (84383).

Weber and associates (41) have
found a small number of preactivated
cells, which started their DNA synthe-
sis very soon (10-16 hours | after the
addition of PHA, in the cord blood.
The reason for these findings may be
that the cells have been prestimulated
in vitro by cells or their antigens from
the mothers. A similar hypothesis had
recently been forwarded hy Carr and
associates (67 and it has also been
shown that lymphocytes can be preac-
tivated in vitro to a state in which the
subsequent addition of an adequate
stimulant pushes them into the S phase
(61), The question has been raised 1o

what an extent the admixiure of

maternal cells to cord blood lympho-
cytes may play a role in studying the
latter in vitro. The passage of fetal
lymphocytes through the placenta into
the maternal ciiculation is a phenom-

enon occurring in most. if not all,

pregnallcies(86'89)- The
indicating the passage of maternal cells

evidences

into fetal circu'ation are accummula-
1ing. Sensitization of fetal lvmphocytes

Vol. 8 No. 3

bv the mother against PPD"-90=91)

and E. Coli (92) has been observed.
Patients with congenital isolated TgA

deficiency can synthesize n  utero
specific IgM  and 1eG  antibodies
against maternal IgA 93). Desai

and Creger (9%  injected quinacrine-
labeled lsukocytes to 9 pregnant wo-
granulocytes

men and found stained

and lymphocytes in 6 of fewuses. Tur-
ner and associates %3’ found occasional
xx mitosis after PHA siimulation in
the cord blood of 2 out of 183 newborn
boys. The xx/xy chimerism in the
lymphopoietic tissue of fetus have also
been reported by others, but generally
in connection with severe immunologi-
cal disease (90.97) . Recenily Schroder
(98) demonstrated that even is normal
pregnancies maternal lymphocytes cap-
able of PHA tran-formation and mito-
tic division may occasionally pass the
placenta and appear in the fewal cir-
culation.

ABSTRACT :

The reactivity of neonatal (cord
blood) lymphocytes and adult’s periph-
eral lymphocytes in response e sti-
mulation by different doses of phy-
toh:magglutinin ( PHA) is evaluated.
The responsiveness  is
quaniitated by the triated
thymidine (3H TdR) incorporation inio

degree  of
ratio of
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the DNA porition of the stimulated to
the nonstimulated cells. The method
employed is the new micromethod
being described in detail elsewhere in
this issue. The results demonstrated
that in addition to higher spontaneous
proliferative capacity, neonatal lympho-
cytes have a greater response than
adult’s lymphocytes at suboptimal doses
of PHA and respond optimally at
lower doses of PHA as shown by a
“shift t> the left phenomenon” of its
PHA dose-response curve. These fin-
dings indicated that neonatal lymphocy-
tes are actually the preactivated cells.
The possible explanation for the intra-
uterine preactivation of these cells is
the low dose stimulation by maternal
lymphocytes passed through placenta
into the fetal circulation during ges -

tation,

v A
aaLIay
LA vy - - -
ﬂm:a?‘iﬂ“lﬂi7ﬂﬂ1u WANII AN INETI AU

1gnin1ans lymphocytes 1w neonatal

= v -
(cord blood) unzlwinentlugunAnlanay
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