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The aim  o f  the study was to estab lisn  n orm a .'values for T q and TM 
cells in  neonates and sm all babies who are m ore susceptible to  infections 
than children and adults. For the sam e reason, the T- and B -lym phocyte  
ratios were also determ ined. The percentage o f  B - and T-cells in  neonates 
w as sign ifican tly  lower, while their absolute num ber higher, than the adult 
value. T he percentage o f  T q cells was sign ifican lty  higher in neonates than in  
the other age groups. There was a sign ificant decrease in the ratio o f  TM cells 
as com pared to  adult values. Spontaneous thym id ine uptake show ed an  
inverse correlation w ith age, but the difference w as not significant. There 
w as a nearly identical response to P H A  in  th e  observed age groups, a t least 
to  the single dose o f  P H A  applied.

The cell surface markers of lympho­
cyte populations and the relevance of 
their functional changes were exten­
sively studied during the past decade. 
Recently, T-cell subsets became the 
prime targets of these investigations, 
revealing further heterogeneity of 
surface membrane components and 
functional characteristics [8, 35, 36, 
39]. One of the most accessible ap­
proaches for the counting of T-lym- 
phocyte subpopulations employs their 
capacity to form EA-rosettes. Mo- 
re tta  et al. [24, 26] described the T0 
and TM cells th a t possess specific 
receptors for the Fc-fragm ent of 
either the IgG (T0 cells) or the IgM 
molecules (TM cells). These two lym­
phocyte populations differ markedly 
in their morphological, cytochemical 
and functional characteristics [16, 
28]. The IgM-Fc “ positive” sub­
population provides help for B-lym- 
phocytes in their PW M-induced pro­

liferative response and differentiation 
process. The Tq (IgG-Fc positive) 
cells, on the other hand, cannot 
provide help. Furtherm ore, upon con­
tac t with IgG, To cells inhibit the 
PW M-induced m aturation of В cells 
into plasm a cells [28, 29]. Although 
some authors ascribe this inhibitory 
effect in cord blood to cells other 
than  Tq lymphocytes [18, 30], these 
two cell types seem likely candidates 
for the suppressor and inducer sub­
populations described originally for 
mouse lymphocytes.

The ratio of T q  and TM cells was 
found to  be significantly altered in 
a num ber of prim ary and secondary 
immunodeficiencies [11, 17, 27, 40]. 
A close study  of this question seems 
particularly relevant in neonates since 
most of the prim ary immunodefi­
ciencies appear in the first few weeks 
of life. Further, newborn babies and 
especially prem atures are “naturally”
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more susceptible to viral, bacterial 
and fungal infections [10, 43]. In  the 
present s tu d y  we describe our findings 
in norm al babies and children. A part 
from T- and  B-lymphocyte counts, 
the num ber and ra tk /o f  TG and  T M 
cells was determined along w ith the 
PH A -induced proliferative response 
of th e ir cells.

M a t e r i a l s  a n d  M e t h o d s

Subjects. Group 1 consisted o f  0 to  6-day  
old  m a tu re , hea lthy  newborns, Group 2 o f  
1 to  20 -m on th  old babies adm itted  to  th e  
h osp ita l for m inor surgical in terventions. 
Two to  18-year old  children hosp italized  for 
sim ilar reasons formed Group 3, w hile  
Group 4  consisted  o f  20 to  40-year old  
h ea lth y  b lood  donors. The num ber o f  
subjects for each test is indicated  in  the  
legends to  th e  figures.

Sera. A n tib od ies used in the E A -rosettes  
were ob ta in ed  by  repeated im m u n iza­
tion  o f  rab b its w ith  ox red b lood  cells 
(h aem oly tic  titre in  the IgM -rich serum  
w as 1 : 4000 , in  the IgG -iich serum  1 :
: 16 000). IgM  was obtained b y  p recip i­
ta tio n  w ith  33% am m onium -sulfate fo l­
low ed  b y  Sephadex G-200 gel filtra tion . A n  
IgG  fraction  w as prepared b y  D E A E -cel- 
lu lose (R E A N A L ) chrom atography fo llow ­
in g  th e  salt-fractionation procedure [11, 
33].

P u r ity  o f  th e  IgG- and IgM -fractions w as 
estab lish ed  b y  im m unoelectropboresis.

A ll sera  were inactivated a t 56°C for 
1 hour.

Preparation oj erythrocytes jor EA-ro- 
settes. L ess  than  a week old o x  R B C s were 
w ash ed  three tim es inP B S. A  2% R B C  
su sp en sion  w as incubated a t 37°C for 
60 m in  w ith  a  subagglutinating concentra­
tio n  o f  a n t i ox-R B C  IgG or a n ti ox-R B C  
IgM  in  buffer. Sensitized cells w ere w ashed  
in  P B S  [11 , 24, 33].

Lymphocyte separation. L ym p h ocytes

were separated from heparinized venous 
blood b y  Ficoll-U rom iro gradient centrif­
ugation [4]. M onocytes were rem oved  
from th e aliquots used for surface marker 
analysis by  adherence to  a g lass surface 
follow ed by  carbonyl iron treatm ent. Cell 
viability  was determ ined using  th e  trypan  
blue dye-exclusion m ethod . T -cells used in  
Fc-receptor analysis were separated  b y  the  
E -rosette technique [15].

B-lymphocytes were counted  b y  direct 
im m unofluorescent technique using  FITC- 
labelled anti-hum an p ig  IgG  (SEVAC) and  
also b y  a heterologous an ti-B -cell serum  
used in  an indirect fluorescence system .

T-lymphocyte num bers w ere assayed  by  
the E -rosette technique [20 ] and  b y  indir­
ect im m unofluorescence using  a  heterolo­
gous anti-T-cell serum .

EA-rosettes. 5 X 10e/m l lym phocytes or 
separated T-cells w ere m ixed  w ith  an  
equal volum e o f  2% sensitized  ox-R B C s 
and centrifuged a t 100 g for 6 m in . R osettes  
were counted after 1 hour incubation  at 
4°C. Prior to assaying th e  E A -Ig M  rosettes, 
the lym phocytes were incubated  overnight 
in  serum-free m edium  [11, 22, 24, 33].

Lymphocyte cultures. 1) 72 hour cultures 
were set-up from separated lym phocytes  
in  TC-199 m edium  contain ing H epes buff­
er and 20% in activated  norm al hum an  
A B -positive serum. Cell concentration was 
2 X 106/m l; 200 y l a liquots were cultured  
in M icrotest I I  tissue culture p lates w ith  or 
w ithout 5 yg/m l P H A  (W ellcom e) at 37°C 
for 56 hours. A  further 16 hour incubation  
period followed the addition  o f  1 y d  
3H -TdR (spec, activ ity: 150 mCi/mM, Amer- 
sham ). Thym idine uptake w as measured  
by liquid-scintillation counting o f  the  
TCA-précipitable m aterial in  an In tertech­
nique spectrom eter. 2) In  som e instances 
w hole-blood cultures were also set up. 
0.2 m l o f heparinized peripheral blood was 
diluted to 4 m l w ith  th e  above m edium  
and cells were cultured in  th e  sam e w ay as 
in  the case o f  separated lym phocytes.

Statistical analysis. Kruskal-W allis
H -test was used [46]. A  p  value o f  less than  
0.01 w as considered significant.
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R e s u l t s

Results are summarized in Rigs 1 
and 2. Since the absolute num ber of 
lymphocytes is high in neonates and 
small babies, the absolute num ber of 
lym phocyte subpopulations is also 
higher than  later in life. The per­
centage of B-lymphocytes in neonates 
is significantly lower th an  in the other 
3 age groups. After a few months the 
ratio  of В -cells to to ta l lymphocytes

reaches adult values and i t  is a t this 
tim e th a t  the highest В -cell numbers 
are detected. T-cell ratios show an 
increase parallel to development, with 
low values in the first few weeks and 
a subsequent rise to  adu lt values. 
TM lymphocyte percentages show a 
similar tendency. Neonatal T M per­
centage values are significantly lower 
than  those of adults.

There was a revers tendency in the 
percentage of T0-cells: it  was highest

В CELLS

T CELLS

F ig . 1 Distribution of В and T lymphocytes according to age. Columns represent the 
mean percentage values or the mean absolute numbers with the standard error of the 
mean. Open columns represent the T-cell ratios as determined by a hetero-antiserum to 

T-cells. Number of subjects tested: 40
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TG CELLS

TM CELLS

F i g . 2 Distribution o f  E A -IgG  and  EA-IgM  rosette-form ing cells in  isolatedT -lym phooytes  
Sym bols as in  F ig . 1. Num ber o f  subjects tested: 30

in  the  group of neonates and showed 
a  gradual decline to  ad u lt values in 
small babies.

W hen we analysed the  ratio of 
IgG -E c and IgM-Ec receptor positive 
cells from unfractionated lympho­
cytes, we found results sim ilar to those 
obtained from isolated T-cells. Signif­
ican t alterations were found only in 
th e  youngest age-group.

Comparing the values from frac­
tiona ted  and unfractionated cells, it 
became apparent th a t  while IgM-EA 
rosettes were only form ed by T-cells,

there were other cell types (B- and 
L-lymphocytes) involved in the form a­
tion of IgG -EA  rosettes.

PH A -stim ulated lymphocyte trans­
form ation showed no significant dif­
ferences in the investigated age groups 
(Table I). Spontaneous metabolic ac­
tiv ity  as measured in unstim ulated 
cultures, was also the same in the 
neonates as in older children or adults. 
Their PH A  reactivity was nearly the 
same as th a t of the others. Whole 
blood cultures gave similar results. 
Comparing the stim ulation values in
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T a ble  I

P H A *-induced  lym phocyte transform ation

1. 2.
U s SI TT S SI

Separated lymphocytes 
6x10* cells/well

1850 
(±1090) 
n =  12

40 040 
(±28200) 
n =  12

24
(±14) 

n =  12

1710 
(±1260) 
n =  20

50 300 
(±31 700) 

n =  20
42

(±39) 
n = 2 0

Whole blood micro­
cultures
5X 10* cells/well

640
(±370) 

n =  23
46 830 

(-32 450) 
n =  23

96
(±90) 

n =  23

490
(±290) 

n =  14
42 870 

(±20 370) 
n =  14

112 
(±83) 

n =  14

3. 4.
U s SI U S SI

Separated lymphocytes 
бХЮ* cellsДге11

1680 
(±990) 

n =  26
71 920 

(±58 060) 
n =  26

57
(±53) 

u =  26

1230 
(±680) 

n =  21
58 950 

(±29 480) 
n =  21

62
(±37) 

n = 21

Whole blood micro­
cultures
5хЮ 4 cells/well

440 
(±230) 

n =  6
45 850 

(±33 680) 
n =  6

115 
(±99) 

n =  6

320
(±170) 

n =  6
36 090 

(±25 670) 
n =  6

118 
(±54) 

n =  6

* P H A  dose, 6 /ig/m l 
U : unstim ulated , cpm  
S: stim ulated, cpm  

SI: stim ulation index

Acta Paediatrica Âcademiae Scientiarum Hungaricae 23 ,1982



304 Walcz E  et al : Lymphocyte surface markers

sep ara ted  and whole blood cultures 
i t  appeared  that stim ulation indices 
rose considerably in the presence of 
autologous erythrocytes.

D is c u s s io n

P rim ary  and secondary im m uno­
deficiencies are characterized b y  v a ry ­
ing degrees of T-cell dysfunction . 
These functional changes, however, 
are  o ften  not reflected in th e  num ber 
o f peripheral T-cells or in th e  usual 
in  vitro  functional tests [41]. A t the 
sam e tim e a shift in the ra tio  o f T-cell 
subsets is demonstrable in  th e  m ajor­
i ty  o f cases [5, 11, 25, 27, 42]. One of 
th e  m ore widely used and accepted 
m ethods for the identification and 
iso lation  of T-cell subsets is th e  EA- 
ro se tte  technique, outlined by  Mo- 
r e t ta  e t  al. [16, 26, 28, 29].

T he aim of this s tu d y  was to 
estab lish  the normal values o f TG and 
T M cells in neonates and sm all babies 
who are more susceptible to  infections 
th a n  children and adults. F o r the 
sam e reason the T- and B-lym phocyte 
ra tio s were also determined. In  con­
t ra s t  to  the findings of o th er authors 
[2, 3, 6, 13, 14] we found th a t  the 
percentage of В-cells in neonates is 
significantly lower th an  in  adults. 
A t th e  same time, however, th e  abso­
lu te  num ber of В-cells is higher than 
th e  ad u lt value. This is explained by 
th e  h igh initial WBC count and  rela­
tiv e  lymphocytosis in neonates. The 
percentage of В-cells reaches the  adult 
values a t a few months o f age, while 
th e  absolute number a tta in s  the  peak 
in  th is  age group.

As far as T-cells are concerned the 
results in the  literature are somewhat 
contradictory. Some authors found 
in neonates normal “adu lt” values 
[2, 10], while others reported reduced 
T-cell ratios [1, 3, 13, 14, 37, 43]. 
According to  our findings the per­
centage of T-cells in neonates and 
young babies as determined by E- 
rosetting is significantly lower than  
in adults. I t  is around the age of 2 
years when this value reaches th a t 
of the adults. W hen the num ber of 
T-cells was estim ated with a heterol­
ogous anti-T-cell serum we found 
nearly identical percentages in all the 
examined groups. I t  seems therefore 
th a t noenates have a larger propor­
tion of im m ature, E-rosette negative, 
T-cell pool, th a t  m ay be dem onstrated 
by other means, such as anti-T  sera 
[1, 2, 38].

As regards the TG—TM cells of 
newborn babies, in most of the studies 
cord blood lymphocytes were tested 
[14, 18, 19, 23, 30, 31]. T0 cells ivere 
found to be increased in cord blood, 
showing a  rapid decline to  adult 
values by about 3 months. A reverse 
tendency was shown for TM cells. 
We also found the percentage of To 
cells significantly higher in neonates 
than in the  other 3 groups. Thus, 
the absolute num ber of TG cells was 
highest in newborn babies and lowest 
in adults. These tests were carried out 
on peripheral blood lymphocytes.

There was a significant reduction 
in the ratio  of Tm cells of neonates as 
compared to  adult values. In  young 
babies both  the percentage and abso­
lute num ber of TM cells showed an
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increase. In  older children the per­
centage of these cells rose further, 
while their absolute num ber grad­
ually declined. Similar results were 
obtained when the tests were carried 
out on unfractionated lymphocytes 
ra ther th an  separated T-cells. N atu ­
rally, these suspensions also contained 
some В -cells and other non-T lym ­
phocytes as well as a few monocytes. 
In  comparison to adult values both 
the relative and absolute num ber of 
EA-IgG positive cells was signifi­
cantly  higher in neonates in this test- 
system too. The ratio of IgM-Fc 
receptor positive cells, on the other 
hand, showed no significant difference 
from the adu lt value.

Looking a t the results obtained 
with unseparated lymphocytes and 
isolated T-cells it  appears th a t cells 
other th an  T-lymphocytes also take 
part in the  formation of IgG-EA 
rosettes. In  contrast, the IgM-EA 
rosettes in this test system are formed 
entirely from T-cells.

According to  some of the earlier 
papers, В -cells and other non-T lym ­
phocytes take no, or very little part 
in the form ation of IgG- and IgM-EA- 
rosettes [44, 45]. Others, however, 
claim th a t under optimal conditions 
these receptors can be found on a 
significant proportion of the above- 
m entioned cells [12, 33]. Because 
of all th is uncertainty, we feel th a t  
the enum eration of To and Tm cells 
should be carried out from isolated 
T-cells.

There are also somewhat conflicting 
reports concerning the lymphocyte 
responses to PH A  in cord blood. Most

authors found a higher spontaneous 
3H-thymidine uptake by  neonatal 
lymphocytes [9, 24, 32, 34]. Maximum 
PH A  responses were higher than 
those of the adult controls and were 
found a t lower PH A  concentrations 
(1 — 10 /Mg/ml). W ith higher PHA 
doses the responses were comparable 
in  the two age groups [3, 6, 7]. In 
our experiments spontaneous thym i­
dine uptake showed an  inverse cor­
relation with age, bu t the  differences 
were not significant.

There was a nearly identical re­
sponse to  PHA in the observed age 
groups, a t least to the  single dose 
of PH A  used in the experiments. 
Separated lymphocytes and  whole 
blood cultures gave essentially iden­
tical results. Since th is la tte r  test 
requires only minute am ounts of 
blood, ongoing studies are  designed 
to  establish the responses to  various 
doses of mitogens as well as the 
kinetics of these responses.
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