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INTRODI.'CTION :

Pregnancy has been regarded
as a successful natural allograft.

The resemblance of the usual mam-
malian pregnancy with irs genetically
dissimilar parricipanrs to a host with
an allograft mighr tead one ro expect
i ts fai lure as'a sel f-perpetuarion mec-
hanism. The mechanism whereby a
histocompatible rissue can grow with-
out evidence of imrnunological  in jury
in the gravid female are srill far
from clear. Its success has led to seve-
ral hyporheses u>ually centered on
eirher def'ective or blocked cellular
immune capabi l i t ies of the natural
hosr, nonantigenicity of the fetal grafr.

or an i rnmunological ly neutral  placen-

ral separation zone between host and

graft  ( l -3).  The cel l -mediated imnr-

IMMUi\E ASPECTS OF FETAL LYMPHOCYTES
left phenomenon of PHA dose-response curve.

by

B.Sc. (Vtea.tectr.)

€!.Sc. (vreo.fecrr.)
Et.Sc. (vea.tecrr.), tvt..t. (asCp.)
M.D., Dip. Arn. Eld. of ped.

Vol. 8 No. 3

Septernber 1975

unocomperency of fetal lymphocytes
is an interesting and unsertled topic.
Morphologically, human neonatal blood

lymphocytes are large,' (4,5) snd have
higher nucleo-cyroptasmic ratios and

more leptochromatic nuglsi (6) than
Iymphocytes of adults. Borh of the
newborn and adult blood lymphocyte
populations have similar numbers ofl

B and T cel ls 0-9).  Merabol ical ty,
neonatal lymphocytes demonsrrate a
higher in vitro labelling index for

p5 ia  (96)  and DNA (4 ,5 '10 ' l l )  than
do simi lar ly prepared adult  cel is,  and
evidence has been presentd for a high-
label l ing lymphoid cel ls in .human

neonaral  lymphocytes (5, l0).  Funcrion-

ally, neonatal lmphocytes reacr vigor*

ously to PHA (12'13) and ro cerrain
ant i lens(14),  and they are cyrotoxic
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for 5l Cr-labelled chicken erythrocytes

(15) '  Fetal  and neonatal  lymphocytes

nranifest t ransplantat ion ant igens( l6- l8)

but these cells react less vigorously

with maternal than with stranger lym-

phocytes in the mixed-lymphocyte-cul-

ture react ion 
(16) '

The depression of the maternal

cellular immunity may play a key role in

the nonrejection of the fetus is 'uggested

by the observations of depressed delayed

cutaneous hypersensitiui,y 
tl9) and in

vitro l; 'mphocyte resporrse to PPD (20)

and dalayed allograft rejection found

in pregnant *otan 
(21). 

However'

depression ofl cell-mediated immunity

may be either generalized or specilic,

the latter being a form of immuno-
, ,

logical tolerance Q2'23), On the

orher hand. generalized depression of

cellular imrnunity is seen in a variety

of congenital or acquired immune

deficiency disorders and is characte'

rized ainong other parameters, by an

impaired or absent response of the

blood lymphocytes to plant mitogen,

pg6 0,24'27). lf generalized depr-

ession of gravida's cellular immune

system is a biologically signif icant

explanation for the survival of preg-

nancy, one would expect lymphocytes

obtained from pregnant wonten to
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show a cleariy dePressed or absent

response to PHA stimulation. In' the

recent study by Carr and arso.iate. 
(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 v/omen. The results clear-

ly showed that oPtimal PHA resPon-

siveness as gauged bY DNA sYnthe-

sis was not consistently depressed

in gravida lymphocytes' and there-

fore the results do not support the

thesis o[ generalized depression of ma-

ternal cellular immunity as the exp-

lanation for nonrejection of the fetus

during human gestatioll. It 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 woffi€nr the shapes of the

mean dose-response curves suggest that

gravida lymphocytes required lower

PHA than control lymPhocYtes for

opt imal st imulat ion 
(28).

The importance of testing PHA

response ar more lhan one dose level

was stressed by Fitzgerald(29t who

demonstrated thar person with deficient

cellular immune caPacit,v may show

a depressed response to a low dose of

PHA, while responding morntally to
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a higher dose. Peripheral blood lym -

phocytes acquire PHA responsiveness

at l4 weeks of gestat ion (30).  Blood

lymphocytes of full-term newborn in-

1un1 (6,1l '31) nn6 of l  prennature new-

born infant,  t3l  )  react mor. r  igorou-

sly than adult 's lymphocir tes to st im-

ulat ion by PHA and ant i-human l-"-m-

phocyte globul in (ALG) (32).  Orher

workers have seen no differences in res-

ponse to PHA st imulat ion between new-

born and adult 's lymohocyte.( l  3 '33 *36)

or even a diminished response of new

born lymphocltes $7-39) '  These di f-

ferences may be explained, in part' by

differences in PHA dosages used.

Since both the gravida and

newborn lymphocytes have in vitro a

higher spontaneous DNA synthe sis

y61s (6,11,28'40-42) rhan control non-

pregnani aduir  lymphocytes (12'13'43)

and variable results of response to a

single dose PHA st imulu, lo- 
(6 ' l  l '28-

31,33-39,44-4'7),  i t  is of  part icular

interest to investigate v"heLher the

"shift to the left" phenomenon of

PHA dose-response curve does oc:ur

in neonatal  lymphocyte cui ture si 'n i lar

to those of gravid lymphocyre' (28 . ln

the present srudy, for maxirnal sensi -

tivity, a dose-responses relationship

with 8 PHA concentrat ions has been
determined and responses are measured

by 3 H-TdR uptake.
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MATEFIIAI, AND MET'HOD:
Ten normal nelborns and 8

healthy adults were srudied. Cord
blood samples were colleced in the
del ivery room within 5 minutes of
birth from the umbilical vein. Aciult
blood samples were obtained from
cubiral  vein. The blood specimen was
drawn into a l2 ml.  sterr le plasr ic

syr inge containing heparrn (50 units/
ml.  of '  b lood) and irnmediatel-v mixed
with one f  i f rh volume of srer i le 6%
dextran solur ion. The lymphocyte r ich
plarma sampie was obrained b.v gra-
viry sedimeutar ion and cultures ar 37'C
for 96 hours wirh aurologous pla_.ma
6.7% VIV) and varying do..es of PHA
ranging from 5 ul ro 70 ulll.s rnl. of
total  cul iure volunte. One microcurie
of rr i t iated thymidine solur ion was
added into each culrure tubes during
the lasr l8 hours of experinrent.  Al l
cul tures were carr ied out in tr ip l icates.
Results are expressed as the prolifer-
at ion index (P.1.) .

n r  average cpm. of l  st imulated cel ls
f . l .  =  @ :

average cpm. of unsi imulated cel ls

The detai l  of  the microtechnique

emplol ,ed in this study is beir ig descr ibe6

in this issue of the journal.

RESUI,TS:
As shown in the Figure I . ,  al l  heal-

rhy 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

lower peak respcnsc of cord blood lym-

phocytes is misleadin$ since tite uns-

timulated cells incorpcrated JH-TdR

higher than those of lymphocytes from

adult conrrols. At any rate. it is cle-

arly shown that cord blood lYmoho -

cltes respond to lower PHA doses bet'

ter than adult's lYmPhocYtes with

a peak response at l0 ul  PHA/l 'Sml

culture compared to the peak at 30 ul

PHAII '5 ml.  cul ture ot the lat ter '

DISCIJSSION:

Several investigators repolted a

normal distribution of proliferation rate

of l-"-mphocytes in response to PHA

stimulat ion 
t48'49\ but this is nrt  the

case with the others (50-52) ' our

observation and those og o15e1t(53-56)

have suggested a log-normal distribut-

ion ef responses, and semi-log scale

for presentation of the results has

therefore been ad.rpted 
(50'5'l ' 54'51-

60).

In considering the events in an

individuai culture' it has been sugges-

ted tf at a logarithmic increase in the

rate of DNA synrhesis in response to

PHA occurs with 1i5ns 16l)  '  Cel ls

transforming in response to PHA rel-

ease blastogenic factor rcz), and thus

each transforrning cell is capable oF

lssluiling other cell into mitosis' lt

has been suggested rhat 2 to 3 gen'
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erarions 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

curve for PHA and Con. A were

sharply peaked, whereas PWM and

LPS produced broad dose - response

curve (63). 'Ihe decrea,re of incorpor-

ation above the optimum dose is tho-

ught to be due to toricity ofl rnitogen
(54). For Con. A and PHA, excess

mitogen appears to be tolerogenic,

since elution of the mitogen can ena'

ble recovery of the futl ,erPonr. (63'

6q'  Both LPS and PwM show a

marked lack of either tolerogeni'ity

or toxicirY as shown bY the vefy

broad log-do,ce respons. curv., 
(63)'

The reasons for the non'nornlal

distribution of incorporation ol 3H-

TdR into DNA could be accounted

for in 2 ways : the PHA response

might be dePendent on a Properly

of lymphocytes wirich is not normal-

ly distributed. For example, the pro-

portion of T cells in peripheral biooC

lymphocltes, (and therefore in cultu-

red lymphocytes) may be such a para-

n]eter. Alternatively, a properry ' of

normal lymphocytes which is normal-

ly drstribured might be amplified non-

linearly by PHA stimulation' Inlrace-
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llular events could augment incorpor-
ation of 3 H-TdR. 

'Ihere 
is a shorr

in in vigo half-life of 3 H-TdR (65),

and transformation of lyrnphocyies in

response to PHA augments the rhym-

idine salvage pathway {66). Since

uptake of exogenous thymidine is

inhibited by endogenous thymidine,

utilization of the latter in response to

an increase in DNA synthesis would

potenliate the incorporation of the

exogenous (labeled) nucleotide These

factors could result in a non-linear

relarionship before DNA synthesis and

3 H- fdR uptake and may account for
the fact that the resulrs do not follows
a normal distr ibut ion.

Signiiicant increases in the spon-
taneous DNA synthesis by neonaral

lymphocyte was again observed i1
this study. We have earlier made
rhis observat iorr  (42 )  as have others
(67-6q' Alrhough hererologous seruin
and 20% aurologous serum have been
observed to cause this phenomenon(70),

it also cccured when neither one of
them were employed r28)' Autologous
serum was used throughout this srudy
because: ( i )  fetal  cal f  serum contain
factors inhibi t ing the lymphoclre rran-

sformation b,v up to 907. in cornpar-

ison with autologous serum; ( ii I of

difficulties in obtaining fresh AB
serum; (  i i i  )  al though rhe use of

serum-free rnedia been reported (C1,

l 3 l

C, I the problern in such assays is
the large nu'nberof lymphocytes (more

than 2 x l0 6 per culture) required

for the expression ofl transformation.
In clinical condirions serum f'actors
which block or enhance are encoun-
tered. In normal subjecrs 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 s€rutn: it was
found that u'hen l0% autologous serurn

is used the inhibi t ion is ofren losr(54t.

The process of peripheralization

of lymphocytes to peripheral lymph-

at ic t issue may occur in human ar
about the t ime o[ birrh,  and this
would also be accompanied by a rel-
ease of metabol ical ly acl ive cel ls into
the blood.

Part of the labeling index for
lymphoid ceils in neonatal blood ma1,
be due to the presence of transirional
lymphocytes. Adults and neonares

have approximately the sanre number

ofl B and T cell in their peripheral

circulation as judged by rrembrane

inrrnunofluorescence and rosette form-

arion technique 0-9).  Thus the high

label ing index for neonatal  l l  mp-

hocytes may reflect the presence of

more immature (ie. medium, large)

Iymphccytes in newborn.
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Additional findings are that neo-

natal lylnphocytes not only seern to

possess a greater response than cont-

rol lymphocytes at suboplimal doses

ofl PHA, but also resPond oPrimalls'

at lower dose of PHA (shift to the left'

rhan control  Iymphocytes'  An experi-

mental model exists rvhich may exp-

lain these findings' That is the obser-

vation that the triggering of immuno-

cytes is a quanlitative rather than a

qualitative Phenomenon, such that

lymphocytes already exposed to small

amount ofl antigens or mitogen require

a smal ler dose of another ant igen or

mitogen that otherwise neede d to

achieve a peak ,.sPonr. 
(71) ' trn this

situarion' the peak response is seen a[

CORD BLOOD (FETAL)  LYMPHOGYTES
- c - - -

_  _ _ o _ _

0 t o 2 0

PHA DosE t^ / - l l l '5  
ml .  CULTURE voLUME)

F|GURE |  ,  pHA DOSE-RESPONSE CURVES OF CORD BLOOD(FETAL) nr ' io  aouLT'S LYMPIIOCYTES
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a lower dose of mitogen, signi f icant ly

higher response are also seen at lower

dose, while the amplitude ofl the peak

response is not necessarily greater

than a normal Peak resPonse. In an

at lempt to induce immunological  tol-

erance to a highly purified protein

phytohemagglutinin (ppH'q't in new-

born mice, Panzetta and associates

observed the signif icantly higher in

vitro response of lyrnphocytes from

PPHA - immune mice than that of

lymphocytes from untreated normal

conrrols and from PPHA-to erant rnice,

at PPHA doses around the octirnum

(72) ' pullher more, lynrphocyie-' from

PPHA-imniune mice diflfer 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 (28,67'72) our resulrs could be

interpreted as indicating low level

stimulation of neonatal lympho;ytes

exist in utero,

Lymphocyte activation in vitro

ini t iated by rhe interact ion of nr i togens

with receptors on the cell surface (73-

76\, Recently it has been suggested

that the mitogen is required during

certain cr i t ical  steps in the cel l  cycle

(61,77,,18).  The kinet ics ol  the reac-
' t ions between plant mitcgens and cel l

receptors has been studied in a num-

ber of invest igat ion^ 
(74'79'8l)  

'  The

reaction conform to the law of mass

act ion and thermodl 'nanrics and appear

to be completely reversible(80,81) "  Tl te

fol lowing fcrnrula should then be ral id

R e  +  M i = R e  M i

Where Re is lymphocyte receptor.

Ni, mitogen and ReN{i, mitogen-recep-

tor contplex. Changing the conct ntra-

t ions of the reacrants results in corre-

spondrng changes in rhe equilibrium.

Apparent ly ihe mitogens are required

at the beginning of the cel l  cycle in

order to make the cel l  enter the G 1

phase from the rest ing phase, Gg This

event is designated *pjeallJ?t199: In

previous reports i t  was shown that

lymphocytes during a short contact
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with Con. A. in vi t ro,  in some way,

b:came st imulated al though nor suff i -

ciently to enter rhe DNA synthetic S

Phase of the cel l  cycls (61 ,77,82,) .

Such cells were termed preactivated

Iymphocy_tes.

The mechanism of preactivation vvas
studied by measuring the incorporar ion
of radioactive uridine into RNA. lt seems

that a certain degree oi RNA synthe-
sis is required for the cells to reach

a preacrivared state (82)' However, it

is b5, no means clear whether the new

synthesis of RNA is the l imit ing step

or if this occurs in sorne other meta-
bolic reactions. The RNA extracted

from preactivated ceils did not differ

qual i tar ively from non-act ivated cel ls,

but the quantitative differences, srpec-

ial ly u i th respect ro label ing were

highly significant. Lymphocytes from

peiipheral blood of adults are norma-

l ly in a rest ing state. Upon st inruia -

t ion with PHA, the cei ls -so rhrough

the dil 'flerent phase of ceil cycle.

Before divis ion they pass through the

G, period preceding the DNA sYnth-

et ic phase, S, and the lag oeriod G2.

Bender  and prescot t  (83)  l ra r .e  derer -

mined these periods in l l r rphocytes of

the adults afrer PHA st imulat ion and

the G1 Period of these cel ls were at

least 24 hours. Other investigators
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have studied the time course of the

macromolecule synthesis in iymphocytes

after stimulation in vitro anci have

arr ived at s imi lar conclusicn. The DN'\

synthesis starts at- 20-24 hours after

st imulat ion (41) and then r ises l inearly

for at least 48 hours 184'85) '

Weber and asscciates 
(41) have

found a small number of preactivated

cells, which started th:ir D|,JA synthe-

sis very soon (10-16 hours )  af ter the

addition of PHA, in the cord biood'

The reason for these findings may be

that the cel ls have been prest inrulated

in vitro by cells or tlreir antigens from

the mothers. A simi lar h1'pothesis had

recently been forward;d hY Carr and

assoc ia tes  (671 und i t  has  a i :o  been

show't  that lymphocytes can be pler ic-

t ivated in vi t ro to a state in which the

subsequent addit ion of an adequate

st inrulanr pushes thenr into the S pha'e

(61).  ths quest ion has been raised to

what an extent t l te adnl ixrure of

maternal cel ls to cord blood lympho-

cytes n)ay play a role in studl ing the

latter in vitro. The pa:sage of' fetal

lymphocytes ihrough the placenta into

the maternal c ircul :r t ion is a pher:om-

enon occurr ing in most '  i f  l rot  al l '

pregnancies(86-89)- The evidences

indicat ing the passage o{ '  maternal cel ls

into fetal  c ircuiat ion ate arcummula -

r ing. Sensit izat ion of fetal  lvmphocytcs

Vol. I  No. 3

by the mother against PPP i90'91)

and E. Cot i  (92) has been observed.

Pat ients with congenital  isolated IgA

def iciency can s)'nthesize in utero

specific lgi\4 ancl IgG antibodies

against rnaternal IgA (93).  D;sai

and Creger (94) injected quinacrine-

labeled leukocytes to 9 pregnalt  wo-

men and found stained granulocytes

and lymphocytes in 6 ofl fetuses. Tur-

ner and associates (95t gound occasional

xx mitosis after PHA sr imulat ion i r t

the cord blood of 2 out of  183 newborn

boys. The xx/xy chimerism in the

lymphopoietic tissue of fetus have also

been reporrcd by orhers, bLrt  general ly

in connect ion with severs immunologi-

cal  disease' Q6,91).  Receni ly Schroder

(98) demonstrated that evel l  is normal

prr-gnancies maternal lymOh.rc5'ies cBp-

able ol  PHA tran:formation and mito-

t ic div is ion may occasional ly pa.s ihe

placenta and appear in ihe i 'eral  c i ; -

culat ion.

ABSTRACT:

The reactivitY of neonatal (cord

blood) ly-mphocytes and adult's periph-

era l  l ymphocy tes  in  re .por t .e  tc  s t i -

mularion by differcnt dose' <-'f phy-

roh :magg lur in in  (  PHA )  i s  e i  a lua te  d '

The ciegree ol '  responsi\  enc's is

quanri tated by the rat io ol '  t r iared

thvmidine (3F{ tciRl incorporation into
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the DNA porr ion of the sr imulated ro
the nonst imulated cel ls,  Thc method

emploled is the new micromerhod

being described in detai l  elsewhere in

this issue. The results demonstrated

that in addit ion to higher spontaneous

prol i ferat ive capaciry,  neonaral  11'moho-

cytes have a greater response than

adulr 's lymphocytes at subopt imal doses

of PHA and respond oprimal ly at

lower doses of PHA as shown b)' a

"shift tr the left phenomenon" ol its

PHA dose-response curve. These flin-

dings indicated that neonalal  hmphocv-

tes are actual ly the preact ivated cel ls.

The possible explanation for the intra-

uterine preaciivation of these cells is

the lovs dose stimulation by maternal

l,vmphocytes passed through placenta

into the fetal circulation during ges -

tat i .  n.

r A
[J0tTo.J

nilvriiq"stfi:rurlu t{n nt: 6n:gt ifflr n"u

, tes  tu  neonata l! f ln:  u11l0J Iympnoc)

(cord bloodr unvlurffoofiiu{lnfrfilfinou
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cio nrr n:v fru e"'ru Phytohemagglutinin

(PHA) tururqrairi 1 ri'u :vo"ulor:Jfrrirrr

Tfierorr-fllfi qrn e"flrt nru to,: Tririated

thymidine (3H-foR) finn incorporared

rurit:l1u DNn :vr,l'irlrsndfr n n n:luiuttns
r i  f * r  e  a a e i q  L  d  
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,,^r^rfitaiunortfirfiuir cord blood

l ,vmphocytes olf i lgni lr l f i f lerqlo PHA

tfi 6fi auron'rrilrir mr uqirn'l r t1 mphocytes

lorf;ir,rqjilnfr unvlor"oroIlfi optinraI dose
6  ,  , <  v ,  I l r q  . , ^ r . ^

f l1n?1sr?u t 'J LglLtf l f l . :  L? !U '5nl i t  to lne

left Phenomenon" tor PHA dose-res-
v

ponse curve L[n?

' 8  d t A . ' € u l

nlnnl:nul \ l lu [ i luni lTgsn:ste]?1

neonaral  lymphocytes nn preact ivate

rrr ieulu intrauter ine preact ivat ion 6l

oirr'|fi'irrt^o",roui'rfi.nn:cfr'uriru dose
, n i

oirl nrn maternal lymphocl,tes l.jtuvrr':

placenta r ir l ,r l lurrs: infff lsoinn$rucosi

1un:tirur:nrr.
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