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Functional capacity of the lmmune Response in the Newborn

More than 95c/o of the neonate's T cells carry the early T-lymphocyte
marker CD3ll and the CD45RO marker. These cells have a clecreased helper and
suppressor funct ion fbr  B cel ls [ ] .  Cytotoxic T-cel l  funct ion is also l imi ted I l l .
This,  as wel l  as i ì r ì  inef f ic ient  act ivat ion of  macrophages with impaired capaci ty
for ant igen presentat ion.  is  associated with an imrnature procluct ion of  cytokines.
Thus. the T cel ls in the neonate erre ef f ic ient  in proclucing IL-2 and TNF-p. but
they emit  only 50% of ' the TNF-cr and only l0% of INF-y ancl  IL-4 comparecl  to
adul ts i l  1.  St i l l  there is a capaci ty of  T cel ls in very yoLurs infants to respond to
environmental  a l lergcns [2 l .

One of  the consequences of  a relat ive T-cel l  immatur i ty for  the immune
response of the neonitte is a rapid increase in IgM ancl IgM antibody responses,
presumably in less need of  cytokine sLrpport .  Cytokines reqLr i red fbr switch to
I-eG I and 3 are clearly functional during the first 2 years of l i fè. whereas those
for s'uvitchinq to IgG2 ancl lgGzt seem inaclecluate cluring tlt is t inre. Serunr IsA
clevelops slowly, but secretory IeA antibclclies, rìeasLrred as Est'herit 'hia coli
ant iboc' l ies in sal iva,  can reach adul t  levels in only a f -ew weeks under heavy
microbial  exposure [3 l .

The T-cel l  immatur i tv wi th the l imi ted IFN-y and TNF-u procluct ion ancl
hampered development of cvtotoxic T cells may be the cause of t l-re increasec-l
risk of Li.steriu inf'ections in the fetus ancl newborn. This is also sLlssestecl trom
stuci ies in rats [ - l j .
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Maternal  Contr ibut ions to the Infant 's lmmune Response

The placental  t ranster provides a mLl l t i tude of  maternal  IgG ant ibocl ies for
passive protect iorr  of  the infant.  Horve ver.  the t ransf 'er  of  ic l iotypes ( id)  arrc l  ant i -
ic l iotypes (a- id)  to the fetus may have last ing ef fects on the immune system of
the offspring via the immunological network. That such ef'fbcts of serum anti-
bodies In i ìy occl l r  is  supportecl  by animal studies.  showing that a- ic l  s iven neonet-
ta l ly  could act ivate s i lent  B-cel l  c lones [5] .  tn ject ion of  newborn animals wi th a-
id coulc l  pr ime for a protect ive immune response 16l .  A- id to pol iovirus have
been shown in human cord blood and mi lk ancl  ant ibodies to pol iovirus produced
by the fètus were found in Swedish newborns [6] ,  a l thoLr_sh the vi rus has been
el iminated by vaccinat ion by the k i l led vaccine [71. How such mechanisms r ,voulc l
af fect  the reported T-cel l  prol i f 'erat ive responses to al lergens is not known.

Human mi lk provic ies ef f ic ient  passive nìucosal  protect ion,  especial ly v ia
al l  the secretory I_gA ant ibodies present.  However.  there is growing evidence that
breastf 'eeding may act ively st imulate the immune system as wel l .  Thus. breast-
f-ed infants respond better to vaccines inducing humoral antiboclies than not
breastfèd [8ì .  One reí ìson could be the presence in the mi lk of  st imulat ing a- id
ant ibodies [7] .

It may be that the T lymphocytes and T-cell products which are abunclanr in
early milk may have an eff 'ect on the breastfed infant, as well. Thus, BCG vacci-
nation induces a better response in breastfèd than non-breastfed infants [9]. Fur-
ther effbcts of milk T cells are sus-qested by the findin-e that renal transplants to
indivicluals trom their mothers who breastfed them as infìrnts. clicl better than
transplants f rom mothers who had not been breastfèeding the recipient [10] .

The protection against certain infections |ike Hae mophilus influen:ae type b
invasive disease not only dur ing,  but also af ter  breastfeeding, again suggests
lasting effects on the offsprin-e's immune system [E. Silfverclahl ancl P. Oleén.
pers.  comn-run.] .

Early Induction of Oral Tolerance:

A Requi rement  for  the Normal ly  Funct ion ing lmmune System

For survival it is fundamental that protective immune responses can be
indtrced from birth on. Equally fundamental may be to establish the natural tol-
erance asainst  a l l  the ant igens to r ,vhich immune responses woLrlc l  be not only
t tneconomical  as to useless energy expendi ture,  but  a lso harmful ,  resul t ing in
inf lammatory diseases l ike al lergy.

Autoa-egressive T-cel l  c lones are ear ly el iminated central ly in the thymus.
From birth on it is l ikely that oral tolerance plays an important role controll ing
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thc response c.g.  to toocl  ant igens. E,xper ime ntal  c lata has bcen provic lecl  to show

that oral  lo lcrance depends on di f fèret t t  meclutnisnrs.  such us act i r , 'c  supprcssion.

clonal  c le let ion.  or  T-cel l  anergv.  Oral  to lcrancc has recerr t ly  a lso been clcmon-

s t ra tcd  in  man I l j .
Oral  to lerance has been shown i r t  many'  cxpcr i rnental  systems. One oral

ant igen dose may be suff ic ient  f 'or  i ts  incluct ion,  i ts in the mouse, whereas the
guinea pig neecls repeatecl  c loses. Anirnals less mature at  b i r th,  l ike rats and mice,
rnay rather be sensitized clurin-s the first 7 cla,vs of l i fè. l:.rter to become tolerized.

Guinea pi-us and pius are nlore mature and get tolerizecl frorn birth. The function

of such mechanisms i r r  man is not yet  c lear,  but  must be determined so that we

know when and what  an t i -9en c lose  a f ie rb i r th  w i l l sens i t i ze ,  o r to le r ize .  I t  i s  usu-

ally easiest to irrduce lon-u-term tolerance during the neonatal perioci.

As we wi l l  shor.v 'below. exper imental  work i l lustrates the importance of  the

size ancl number of closes ancl the age of the animal for the clevelopn-rent of orit l
to lerance.

First ly.  we founcl  that  the -eut has a remarkable capaci ty to dist inguish

between microbial and food antigens. Thus, we noted that germ-free adult rats

monocolonized in the gut with an E. c'oli strain responded rvell to the bacterial

i tnt i -qens, but not to the ovalbumin (OA) c iven in the food at  the same t ime i l21.
Insert ing the gene tor OA into an E. col istrain gave by the bacter ia l  presentat ion

of OA after intest inal  colonizat ion also a stron-q IgG, IgE ancl  T-cel l  response to
the OA ant i_qen. The immune response to OA caused diarrhea in the animals
'uvhen they were tèd OA funpubl. clatal. If the rÍìts were colonized after birth they
cl id not respond to the bacter ia l  ant igens. only to the OA. This react iv i ty to OA
courld be clor.vn-regulated by further f 'ecding of OA [3 l.

I f  another ant igen l ike hurnan serum albumin (HSAI was immunizecl  together
r ,v i th OA in OA-tolerant animals the animals could be shown to be tolerant to both
the antigens when injected together [-tì. This tolerance involved I-sE and I_sG
ant ibody format ion.  as wel l  as T-cel l  react iv i ty.  Presumably th is is an ef fect  of
OA-speci f ic  T-suppressor cel ls local ly producing potent ia l ly  suppressive cyto-
kines l ike TGF-B. I t  is  of  interest  that  the draining lymph -elands of  nontolerant
animals becanie enlarged in response to OA immunization and there were no
TGF-B-expressing cel ls.  In contrast .  the OA-tolerant animals showed no enlarge-
ment of  the -9land and had scattered TGF-B-expressing cel ls in the T- lymphocyte
region of  the lymph node in response both to OA and HSA [51. I t  is  present ly
unknown what the bystander tolerance could mean in man. It might be that indi-
viduals with suppressor T cells a-tainst several allergens may have a decreased risk
of reaction to another allergen. if exposed to that tosether with any of the others.

Our recent work su-sgests that tolerance to OA in young and adult rats may
be due to di f ferent mechanisms. Thus, spleen cel ls f rom aciul t  to ler ized rats
transferred suppression. [n addition. bystander suppression of the I_eE, I-eG anti-
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bocly rcsponscs ancl  the T-cel l -mecl iutccl  i le la.u-ecl- type hyperscnsi t iv i ty 
"vhich

rcsponds to an unrclatecl  ant igcn. r . 'u 'as obtaincd in the aclul t  anintals.  This sug-

gcs ts  thc  p resencc  o f  supprcss ivc  T  ce l l s .  rvh ich  rn igh t  func t ion  v ia  cy tok ines

l i ke  TGF-p .  a lso  exp la in ing  the  reduced en la r -uement  o f  the  dra in ing  lymph

nocles af te r  inrmr,rnizat ion l l6 l .  Others have noted that oral ly indrrcecl  to lerance in

aclul t  aninrals involvecl  anergy,  per ipheral  c lonal  de let ion and TGF-B proclLrcin,u

suppressorTcel ls [71.  We ancl  others have shorvn thatoral  to lerance may af fect

T* ,1  as  we l l  as  T , ,2  ce l l s  [6 .  l8 ] .  In  our  sys tem we have seen suppress ion  o f  T" l

ancl  T*,2 cel ls v ia CDS+ sLtppressor cel ls [unpubl .  data] .  However,  there is evi-

dence for the presence of  CD4+ suppressor cel ls as wel l  [19] .
We cl id not incluce T-suppressor cel ls in the young animals,  which nr ight

relate to the fact that MHC class II antigens only started to appear at the age of

3-.1 weeks in the rats f201. This age is near weaning and the exposure to other

foods than maternal  mi lk.  This is also the a, 'e when we f i rst  can induce oral  to l -

e rance [2 ]  l .
Animals tolerizecl at young age did not shor,v bystancler sLrppression and

enlarsement of  the local  lymph glands af ter  coimmunizat ion wi th an ant igen

they were not tolerant to. In the young animals there was no tolerltnce in the IgE

ancl IgG antibody response tcl OA. Presumably aner-qy was induced in the young

animals.  Prel iminary data invest igat ing the ef fect  of  to ler izat ion at  d i f ferent
'uveeks after birth suggests further variabil ity in relation to age [14].

Maternal sensitization as well as tolerance can be transferred to the off-

spr ing.  Ant ibocl ies f rom the mother can inf luence the immunological  repertoire

as seen in newborn pigs of  hypcr immunized. or to ler ized pi-ss [221.
In agreement wi th the possibi l i ty  of  id iotype-ant i - ic l iotype interact ion be-

tween mother and of fspr ing.  we have seen that to lerance can be inciuced in new-

born rats to OA by giv ing oral ly minute amounts of  monoclonal  id iotype to OA

Iunpub l .  da ta ] .
Tolerance is regular ly discLrssed in relat ion to T and B cel ls.  However,  to l -

er Í . ìnce incluct ion in these cel ls wi l l  change their  cytokine patterns,  which could

have consequences for subsequently appearing cells participatin-e in inflamma-

tory reactions. In accorclance with this. we have observed that animals tolerizecl

ancl then immunizecl to OA have si-qnificantly fewer anti-lgE-stained mast cells

in the smal l  intest ine than immunized and not to ler ized animals,  af ter  coloniza-

tion with the OA-producin-e E. c'oli strain [141. Similarly we have noted si-enifi-

cantly more l l-2R-carryin-r goblet cells in the gut of the nontolerized compared

to the tolerized animals atìer colonization with the OA-producing bacter\ 'a[22).

In paral le l  there wAS i t  s igni f icant increase of  T cel ls in the core of  lamina propr ia

of the vil l i  expressing IL-2R in the OA-tolerant rats. Oral tolerance may help

recluce mucosal  react iv i ty by lowering numbers of  potent ia l ly  symptom-causins

cel ls l ike mediator-releasing mast cel ls and mucus-producing goblet  cel ls.
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Conclusions

It  is  c lear th l t  the interplay betr ,veen mother ancl  of fspr ing v ia placental  pas-
sage and breast- t 'eedin-rr ,  not  only provides passive protect ion but also lct ive
modulat ion of  the immune siystem of the of fspr ing.  This has conseqlrences for
the appearance of  protect ive immune responses ancl  development of  to lerance
prevent ing harr l t i r l  react iv i ty.  l ike al lergy.  I t  is  l ikely that  the natural  mecha-
nisms for development of  to lerance, oral  to ler i ince. can be ut i l ized to suppress
and prevent allergic reactivity.
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