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Developmental changes in lymphocyte
surface markers
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The aim of the study was to establisn norma .'values for Tqg and TM
cells in neonates and small babies who are more susceptible to infections
than children and adults. For the same reason, the T- and B-lymphocyte
ratios were also determined. The percentage of B- and T-cells in neonates
was significantly lower, while their absolute number higher, than the adult
value. The percentage of Tq cells was significanlty higher in neonates than in
the other age groups. There was a significant decrease in the ratio of TMcells
as compared to adult values. Spontaneous thymidine uptake showed an
inverse correlation with age, but the difference was not significant. There
was a nearly identical response to PHA in the observed age groups, at least
to the single dose of PHA 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-
retta et al. [24, 26] described the TO
and TM cells that possess specific
receptors for the Fc-fragment of
either the 1gG (TO 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 PWM-induced pro-

liferative response and differentiation
process. The Tq (lgG-Fc positive)
cells, on the other hand, cannot
provide help. Furthermore, upon con-
tact with 1gG, To cells inhibit the
PWM-induced maturation of B cells
into plasma 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 Tq and TM cells was
found to be significantly altered in
a number of primary and secondary
immunodeficiencies [11, 17, 27, 40].
A close study of this question seems
particularly relevant in neonates since
most of the primary immunodefi-
ciencies appear in the first few weeks
of life. Further, newborn babies and
especially prematures are “naturally”
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more susceptible to viral, bacterial
and fungal infections [10, 43]. In the
present study we describe our findings
in normal babies and children. Apart
from T- and B-lymphocyte counts,
the number and ratk/of TG and TM
cells was determined along with the
PHA-induced proliferative response
of their cells.

Materials and Methods

Subjects. Group 1 consisted of 0 to 6-day
old mature, healthy newborns, Group 2 of
1 to 20-month old babies admitted to the
hospital for minor surgical interventions.
Two to 18-year old children hospitalized for
similar reasons formed Group 3, while
Group 4 consisted of 20 to 40-year old
healthy blood donors. The number of
subjects for each test is indicated in the
legends to the figures.

Sera. Antibodies used in the EA-rosettes
were obtained by repeated immuniza-
tion of rabbits with ox red blood cells
(haemolytic titre in the IgM-rich serum
was 1 :4000, in the IgG-iich serum 1:
116 000). IgM was obtained by precipi-
tation with 33% ammonium-sulfate fol-
lowed by Sephadex G-200 gel filtration. An
1gG fraction was prepared by DEAE-cel-
lulose (REANAL) chromatography follow-
ing the salt-fractionation procedure [11,
33].

Purity ofthe 1gG- and IgM-fractions was
established by immunoelectropboresis.

All sera were inactivated at 56°C for
1 hour.

Preparation oj erythrocytes jor EA-ro-
settes. Less than a week old ox RBCs were
washed three times inPBS. A 2%RBC
suspension was incubated at 37°C for
60 min with a subagglutinating concentra-
tion of anti ox-RBC 1gG or anti ox-RBC
IgM in buffer. Sensitized cells were washed
in PBS [11, 24, 33].

Lymphocyte separation. Lymphocytes
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were separated from heparinized venous
blood by Ficoll-Uromiro gradient centrif-
ugation [4]. Monocytes were removed
from the aliquots used for surface marker
analysis by adherence to a glass surface
followed by carbonyl iron treatment. Cell
viability was determined using the trypan
blue dye-exclusion method. T-cells used in
Fc-receptor analysis were separated by the
E-rosette technique [15].

B-lymphocytes were counted by direct
immunofluorescent technique using FITC-
labelled anti-human pig 1gG (SEVAC) and
also by a heterologous anti-B-cell serum
used in an indirect fluorescence system.

T-lymphocyte numbers were assayed by
the E-rosette technique [20] and by indir-
ect immunofluorescence using a heterolo-
gous anti-T-cell serum.

EA-rosettes. 5 X 10ém| lymphocytes or
separated T-cells were mixed with an
equal volume of 2% sensitized ox-RBCs
and centrifuged at 100 g for 6 min. Rosettes
were counted after 1 hour incubation at
4°C. Prior to assaying the EA-1gM rosettes,
the lymphocytes were incubated overnight
in serum-free medium [11, 22, 24, 33].

Lymphocyte cultures. 1) 72 hour cultures
were set-up from separated lymphocytes
in TC-199 medium containing Hepes buff-
er and 20% inactivated normal human
AB-positive serum. Cell concentration was
2 X 106ml; 200 yl aliquots were cultured
in Microtest Il tissue culture plates with or
without 5 yg/ml PHA (Wellcome) at 37°C
for 56 hours. A further 16 hour incubation
period followed the addition of 1 yd
H-TdR (spec, activity: 150 mCi/mM, Amer-
sham). Thymidine uptake was measured
by liquid-scintillation counting of the
TCA-précipitable material in an Intertech-
nigque spectrometer. 2) In some instances
whole-blood cultures were also set up.
0.2 ml of heparinized peripheral blood was
diluted to 4 ml with the above medium
and cells were cultured in the same way as
in the case of separated lymphocytes.

Statistical  analysis. Kruskal-wallis
H-test was used [46]. A p value of less than
0.01 was considered significant.

Acta Paediatrica Academiae Scientiarum Hungaricae 23, 1982



Walcz E et al: Lymphocyte surface markers 301

Results

Results are summarized in Rigs 1
and 2. Since the absolute number of
lymphocytes is high in neonates and
small babies, the absolute number of
lymphocyte subpopulations is also
higher than later in life. The per-
centage of B-lymphocytes in neonates
is significantly lower than in the other
3 age groups. After a few months the
ratio of B-cells to total lymphocytes

reaches adult values and it is at this
time that the highest B-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 adult values.
TM lymphocyte percentages show a
similar tendency. Neonatal TM per-
centage values are significantly lower
than those of adults.

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

B CELLS

T CELLS

Fig. 1 Distribution of B 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

TMCELLS

Fig. 2 Distribution of EA-1gG and EA-IgM rosette-forming cellsin isolatedT-lymphooytes
Symbols as in Fig. 1. Number of subjects tested: 30

in the group of neonates and showed
a gradual decline to adult values in
small babies.

When we analysed the ratio of
lgG-Ec and IgM-Ec receptor positive
cells from unfractionated lympho-
cytes, we found results similar to those
obtained from isolated T-cells. Signif-
icant alterations were found only in
the youngest age-group.

Comparing the values from frac-
tionated and unfractionated cells, it
became apparent that while IgM-EA
rosettes were only formed by T-cells,

there were other cell types (B- and
L-lymphocytes) involved inthe forma-
tion of IgG-EA rosettes.
PHA-stimulated lymphocyte trans-
formation showed no significant dif-
ferences in the investigated age groups
(Table ). Spontaneous metabolic ac-
tivity as measured in unstimulated
cultures, was also the same in the
neonates as in older children or adults.
Their PHA reactivity was nearly the
same as that of the others. Whole
blood cultures gave similar results.
Comparing the stimulation values in
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Table |

PHA*-induced lymphocyte transformation

U
Segarated lymphocytes 1850
x10* cells/well (£1090)
n= 12
Whole blood micro- 640
cultures (£370)
5X 10* cells/well n= 23
U
Separated lymphocytes 1680
6XHO™* cellsrell (2£990)
n= 26
Whole blood micro- 440
cultures (£230)
5xHO 4 cells/well n==6

*PHA dose, 6 /ig/iml
U: unstimulated, cpm
S: stimulated, cpm
Sl: stimulation index

1
S Sl T S Sl
1710
(x1260)
n= 20
40 040 50 300
(x28200) (£31 700)
n= 12 n= 20
24 42
+14 39
n(: 1% n(:ZC;
490
(£290)
n= 14
46 830 42 870
(-32 450) (£20 370)
n= 23 n= 14
96 112
(£90) (£83)
n= 23 n= 14
3
s Sl U Sl
1230
(x£680)
n=21
71 920 58 950
(£58 060) (£29 480)
n= 26 n= 21
57 62
+53 +37
u (: 26) n (=21)
320
(£170)
n=6
45 850 36 090
(£33 680) (£25 670)
n=6 n= 6
115 118
(£99) (£54)
n==6 n==6
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separated and whole blood cultures
it appeared that stimulation indices
rose considerably in the presence of
autologous erythrocytes.

Discussion

Primary and secondary immuno-
deficiencies are characterized by vary-
ing degrees of T-cell dysfunction.
These functional changes, however,
are often not reflected in the number
of peripheral T-cells or in the usual
in vitro functional tests [41]. At the
same time a shift in the ratio of T-cell
subsets is demonstrable in the major-
ity of cases [5, 11, 25, 27, 42]. One of
the more widely used and accepted
methods for the identification and
isolation of T-cell subsets is the EA-
rosette technique, outlined by Mo-
retta et al. [16, 26, 28, 29].

The aim of this study was to
establish the normal values of TG and
TMcells in neonates and small babies
who are more susceptible to infections
than children and adults. For the
same reason the T- and B-lymphocyte
ratios were also determined. In con-
trast to the findings of other authors
[2, 3, 6, 13, 14] we found that the
percentage of B-cells in neonates is
significantly lower than in adults.
At the same time, however, the abso-
lute number of B-cells is higher than
the adult value. This is explained by
the high initial WBC count and rela-
tive lymphocytosis in neonates. The
percentage of B-cells reaches the adult
values at a few months of age, while
the absolute number attains the peak
in this age group.
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As far as T-cells are concerned the
results in the literature are somewhat
contradictory. Some authors found
in neonates normal *“adult” 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. It is around the age of 2
years when this value reaches that
of the adults. When the number of
T-cells was estimated with a heterol-
ogous anti-T-cell serum we found
nearly identical percentages in all the
examined groups. It seems therefore
that noenates have a larger propor-
tion of immature, E-rosette negative,
T-cell pool, that may be demonstrated
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]. TO 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 number 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 number of TM cells showed an
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increase. In older children the per-
centage of these cells rose further,
while their absolute number grad-
ually declined. Similar results were
obtained when the tests were carried
out on unfractionated lymphocytes
rather than separated T-cells. Natu-
rally, these suspensions also contained
some B-cells and other non-T lym-
phocytes as well as a few monocytes.
In comparison to adult values both
the relative and absolute number 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 adult value.

Looking at the results obtained
with unseparated lymphocytes and
isolated T-cells it appears that cells
other than 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, B-cells and other non-T lym-
phocytes take no, or very little part
in the formation of IgG- and IgM-EA-
rosettes [44, 45]. Others, however,
claim that under optimal conditions
these receptors can be found on a
significant proportion of the above-
mentioned cells [12, 33]. Because
of all this uncertainty, we feel that
the enumeration of To and Tm cells
should be carried out from isolated
T-cells.

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

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

There was a nearly identical re-
sponse to PHA in the observed age
groups, at least to the single dose
of PHA wused in the experiments.
Separated lymphocytes and whole
blood cultures gave essentially iden-
tical results. Since this latter test
requires only minute amounts of
blood, ongoing studies are designed
to establish the responses to various
doses of mitogens as well as the
kinetics of these responses.

References

1. Asma GEM, Pichlor W, Schuit HUE,
Knapp W, Hijmans W: The develop-
ment of lymphocytes with T- or B-
membrane determinants in the human
foetus. Clin Exp Immunol 29:278, 1977

2. Asma GEM, Schuit HRE, Hijmans W:
The determination of numbers of T-
and B-lymphocytes in the blood of
children and adults by direct immu-
nofluorescence technique. Clin Exp Im-
munol 29:280, 1977

3. Ben-Zwi A, Galili U, Russell A, Schle-
singer M: Age-associated changes in
subpopulations of human lymphocytes.

Clin  Immunol Im.nunopathol 7:139,
1977
4. Boyum A: Separation of leukocytes

from blood and bone marrow. Soand J
Clin Lab Invest 21:77, Suppl 97, 1968

Acta Pacdiatrica Academiae Scientiaruin Hungaricae 23, 1982



306

6.

10.

11.

12.

13.

14.

15.

16.

. Campbell

Walcz E et al: Lymphocyte surface markers

Broder S, Poplack D, Whang-Peng J,
Durm M, Goldman C, Muul L, Wald-
marniTA: Characterization of a suppres-
sor-cell leukemia. Evidence for the
requirement of an interaction of two
T-cells in the development of human
suppressor effector cells. N Engl J Med
298:66, 1978
AC, Waller C, Wood J,
Aynsley-Green A, Yu V: Lymphocyte
subpopulations in the blood of new-
born infants. Clin Exp Immunol 18:469,
1974

. Carr MC, Stites DP, Fudenberg HH:

Cellular immune aspects of the human
fetal-maternal relationship. 1. In vitro
response of cord blood lymphocytes to

phytohemagglutinin. Cell Immunol
5:21, 1972
.Evans RL, Lazarus H, Penta AC,

Schlossman SF: Two functionally dis-
tinct subpopulations of human T-cells
that collaborate in the generation of
cytotoxic cells responsible for cell-
mediated lympholysis. J Immunol
120:1423, 1978

. Faulk WP, Goldman JR, Maloney MA:

Morphology and nucleoside incorpo-
ration of human neonatal lymphocytes.
Cell Immunol 8:166, 1973

Ferguson AC, Lawlor GJ Jr, Neu-
mann CG OhW :Decreased rosette-form-
ing lymphocytes in malnutrition and
intrauterine growth retardation. J Pe-
diatr 85:717, 1974

Ferrarim M, Tonda GP, Risso A,
Viale G: Lymphocyte membrane re-
ceptors in human lymphoid leukemias.
Eur J Immunol 5:89, 1975

Ferrarim M, Hoffman T, Fu SM, Win-
chester R, Kunkel HG: Receptors for
IgM on certain Human B-lymphocytes.
J Immunol 119:1525, 1977

Foa R, Catowsky D, Cherchi M, Bena-
vides |, Ganeshaguru K, Hoffbrand AV:
Cell surface and enzyme markers of
cord blood lymphocytes. Br J Haema-
tol 44:583, 1980

Gmelig-Meyling F, Dollekamp |, Ze-
gers BJM, Ballieux RE: Lymphocyte
subpopulations in neonates, young
children and adults as detected by six
cell surface markers. Acta Paediatr
Scand 69:13, 1980

Greaves MF, Brown G: Purfication of
human T- and B-lymphocytes. J Im-
munol 112:420, 1974

Grossi CE, Webb SR, Zicca A, Lydyard
PM, Moretta L, Mingari MC ,Cooper
MD: Morphological and histochemical
analysis of two human T-cell subpopu-
lations bearing receptors for IgM or
1gG J Exp Med 147:1405, 1978

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gupta S, Good RA: Subpopulations
of human lymphocytes I. Studies in
immunodeficient patients. Clin Exp
Immunol 30:222, 1977

Hayward AR, Lydyard PM: Suppres-
sion of B-lymphoeyte differentation by
newborn T-lymphocytes with an Fc
receptor for IgM. Clin Exp Immunol
34:374, 1978

Hayward AR, Lydyard PM: B-cell
function in the newborn. Pediatrics
64:758, [Suppl] 1979

Jondal M: Surface markers on human
B- and T-lymphocytes. IV. Distribu-
tion of surface markers on resting and
blast-transformed lymphocytes. Scand
J Immunol 3:739, 1974

Leiken S, Mochir-Fatemi F, Park K:
Blast transformation of lymphocytes
from newborn human infants. J Pe-
diatr 72:510, 1968

Mingari MC, Moretta L, Moretta A,
Ferrarim M, Preud’homme JL: Fc-re-
ceptors for 1gG and IgM immunoglob-
ulins on human T-lymphocytes: mode
of re-expression after proteolysis or in-
teraction with immune complexes. J

Immunol 121:767, 1978
Miyawaki T, Seki H, Kubo M, Tani-
guchi N : Suppressor activity of T-

lymphocytes from infants assessed by
coculture with unfractionated adult
lymphocytes on pokeweed mitogen-
system. J Immunol 123:1092, 1979
Moretta L, Ferrarim M, Dinante ML,
Mingari MC: Expression of a receptor
for IgM by human T-cells in vitro. Eur
J Immunol 5:565, 1975

Moretta L, Webb SR, Grossi CE,
Lydyard PM, Cooper MD: Functional
analysis of two subpopulations of hu-
man T-cells and their distribution in
immunodeficient patients. Clin Res
24:448, 1976

Moretta L, Ferrarim M, Mingari MC,
Moretta A, Webb SR: Subpopulations
of human T-cells identified by receptors
for immunoglobulins and mitogen re-
sponsiveness. JImmunol 117:2171,1976
Moretta L, Mingari MC, Webb SR,
Pearl ER, Lydyard PM, Grossi CE,
Lawton AR, Cooper MD: Imbalances
in T-cell subpopulations associated with
immunodeficiency and autoimmune
syndromes. Eur J Immunol 7:696, 1977
Moretta L, Webb SR, Grossi CE,
Lydyard PM, Cooper MD: Functional
analysis of two human T-cell subpopu-
lations: Help and suppression of B-cell
responses by T-cells bearing receptors
of IgM or 1gG. J Exp Med 146:184, 1977
Moretta L, Mingari MC, Moretta A,
Cooper MD: Human T-lymphocyte

Acta Paediatrica Academiae Scientiarum Bungaricae 23, 1982



30.

31.

32.

33.

34.

36.

36.

37.

38.

Walcz E et al: Lymphocyte surface markers

subpopulations: Studies of the mecha-
nism by which T-cells bearing Fc re-
ceptors for 1gG suppress T-dependent
B -cell differentiation induced by poke-
weed mitogen.J Immunol 122:984, 1979
Moriya N, Nagaoki T, Okuda N, Ta-
niguchi N: Suppression of adult B-cell
differentiation in pokeweed mitogen-
stimulated cultures by Fc 1gG receptor
negative T-cells from cord blood. J
Immunol 123:1796, 1979

Oldstone MBA, Thison A, Moretta L:
Active thymus derived suppressor lym-
phocytes in human cord blood. Nature
269:333, 1977

Pantycross CR: Lymphocyte transfor-
mation in young people. Clin Exp Im-
munol 6:213, 1969

Pichler WJ, Broder S: Fc-lgM and
Fc-1gG receptors on human circulating
B-lymphocytes. J Immunol 121:887,
1978

Prindull G, Prindull B, Ron A: Cells in
in spontaneous DNA synthesis in cord
blood of premature and fullterm new-
born infants. J Pediatr 86:773, 1976
Reinherz EL, Schlossman SF: The
differentiation and function of human
T-lymphocytes. Cell 19:821, 1980
Sakane T, Green |I: Human suppressor
T-cells induced by concanavalin A:
Suppressor T-cells belong to distinctive
T-cell subclasses. J Immunol 119:1169
1977

Stiehm ER, Winter HS, Bryson YJ:
Cellular (T-cell) immunity in the human
newborn. Pediatrics 64:814, [Suppl]
1979

Stites DP, Pavia CS: Ontogeny of hu-

39.

40.

4L

42.

43.

44.

46.

46.

307

man T-cells. Pediatrics 64:796, [Suppl]
1979

Strelkauskas AJ, SchaufV, Wilson BS,
Chess L, Schlossman SF: Isolation and
characterization of naturally occurring
subclasses of human peripheral blood
T-cells with regulatory functions. J
Immunol 120:1278, 1978

Tatsumi E, Takiuchi Y, Domae N,
Shirakawa S, Uchino J, Baba M,
Yasuhira K, Morikawa S: Suppressive
activity of some leukemic T-cells from
adult patients in Japan. Clin Immunol
Immunopathol 15:190, 1980
Waldmann TA, Broder S, Blaese RM,
Durm M, Blackman M, Strober W:
Role of suppressor T-cells in the patho-
genesis of common variable hypogam-
maglobulinaemia. Lancet 2:609, 1974
Waldmann TA, Broder S: Suppressor
cells in the regulation of the immune
response. Prog Clin Immunol 3:166,
1977

Wara DW, Barrett DJ: Cell-mediated
immunity in the newborn: Clinical
aspects. Pediatrics 64:822, [Suppl] 1979
Winfield JB, Lobo PI, Hamilton ME:
Fc-receptor heterogeneity: Immuno-
fluorescent studies of B, T and “third
population” lymphocytes in human
blood with rabbit 1gG b4/anti-b4
complexes. J Immunol 119:1778, 1977
Witemeyer S, Bankhurst AD, Williams
RC Jr: A population of human cord
blood lymphocytes which generates Fc
receptors in vitro. Cell Immunol 30:54,
1977

Woolf CM: Principles of Biometry. D.
Van Nostrand Co. Princeton 1968. P 307

Received July 21, 1981

E Walcz MD
Tlzoltéo u 7
H-1094 Budapest, Hungary

Acta Paediatrica Academiae Scientiarum llundaricae 23, 1982



	3. szám
	E. Walcz-I. Seri-D. Kuti-T. Révész-D. Schuler: Developmental changes in lymhocyte surface markers

	Oldalszámok������������������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������


