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Background. Flow cytometric analysis of major lymphocyte populations
and their subsets reveals age-related changes in the human cellular immune
system.

Subjects and methods. Immunophenotypic markers were evaluated in 136
healthy pediatric subjects divided into groups of newborn infants (cord
blood), children aged 1 to 2 years, 2 to 5 years, and 6 to 15 years.

Results. The percentage of T cells increased gradually with age and the ev-
olution of the percentage of B and NK cells was found to be variable. The
percentage of CD4+ cells remains relatively unchanged from infancy to ad-
olescence, but the percentage of CD8+ T cells was lowest at birth and
reached maximal levels in the one to two year-old period. The percentage
of naive T cells declined with time, but the percentage of memory T cells
increased with age. Similar trends were seen in T-cell receptor a3~ and Yo~
bearing T cells. The percentage of CD11b+*CD8+ T cells increased gradually
from birth and reached maximal levels from 6 to 15 years old. The expres-
sion of the activation markers CD25 and HLA-DR on CD4+ T cells in-
creased with age. The percentage of CD16+CD56- NK cells declined with
age, but the evolution of the percentage of CD16-CD56+ NK cells was vari-
able. The fraction of B cells that expressed CD5 was high at birth (72.9%)
and was highest in one to two year olds (73.1%), then declined steadily
over time. The CD23 antigen was expressed on 41.9% of B cells at birth
and 68.6% during the first to second year, then declined steadily with age.
Conclusion. These data may serve as a reference range for studies of Chi-
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nese pediatric subjects.

It has been suggested that the human immune sys-
tem is functionally less mature at birth and within
the first years of life undergoes a process of sequen-
tial development that is both programmed genetical-
ly and stimulated externally by antigen exposure (1,
2). The increasing interest in immunological studies
accentuates the need for a more rigorous under-
standing of the normal sequence of development in
the cellular components of the immune system. For
example, in the management of pediatric human im-
munodeficiency virus disease and in the diagnosis
of DiGeorge syndrome, T cell enumeration plays a
vital role and extrapolation from adult normal range
data has been misleading. The recent application of
flow cytometric immunophenotyping analysis in hu-
man lymphocytes could provide a reliable data ref-
erence base in healthy children.

Few foreign studies have systematically exam-
ined lymphocytes to observe immunophenotypic
changes from birth to adulthood (3-6). There is no
detailed lymphocyte subset data for Chinese chil-
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dren and the purpose of this study is to establish
such a database for further study.

Subjects and Methods
Subjects

The study population consisted of 136 healthy new-
borns and children. Sixty samples were obtained
from the cord blood of babies born in the National
Taiwan University Hospital. All newborn infants
were delivered normally at term and had no evi-
dence of infection or congenital anomaly. Other
pediatric blood samples were obtained from healthy
volunteers; all samples were obtained with parental
consent. Specifically, samples from children were
excluded if they had evidence of an infection or im-
munological disorder, or were taking concomitant
medications.

Subjects were grouped into four age categories:
Group 1, newborn infants (cord blood) (n = 60);
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Group 2, aged 1 to 2 years (n = 40); Group 3, aged 2
through 5 years (n = 22); Group 4, aged 6 through
15 years (n = 14). The sex ratio was 1:1 in each age
category.

Sample preparation and analysis

Cord and peripheral venous blood samples were ob-
tained in collection tubes containing ethylenediami-
netetraacetic acid and stored at room temperature
for no longer than 8 hours before staining. Two-
color and three-color immunophenotyping of lym-
phocytes was performed on whole blood with
matched combinations of murine monoclonal anti-
bodies directly conjugated to fluorescein isothiocy-
anate, phycoerythrin, or cy-chrome. For each test
sample, 50 pul of blood were stained with 10 pl of
each monoclonal antibody for 30 minutes at 4°C.
This was followed by the lysis of red blood cells
with FACS®lysing buffer (Becton Dickinson Immu-
nocytometry Systems, San Jose, Calif.) as directed
by the manufacturer. All samples were then washed
thoroughly in phosphate-buffered saline and ana-
lyzed using a FACScan flow cytometer, calibrated
with CaliBRITE Beads and AutoCOMP software;
results of phenotypic analysis were obtained with
SimulSET software (Becton Dickinson Immunocy-
tometry Systems, San Jose, Calif.). The panel of
monoclonal antibodies, with their appropriate CD
(clusters of differentiation) designations, is listed in
Table 1.

A complete blood count including automated dif-
ferential counts was performed with a Technicon H2
(Technicon, Basingstoke, UK). Absolute counts
were derived by using the following formula:

Absolute counts = WBC (cells/fmm?) x % lym-
phocytes x % antigen positive.

Lymphocyte subset identification

T cells were defined as those cells expressing the
CD3 antigen, and B cells were defined as those cells

Table 1. Combinations of monoclonal antibodies used in the two- and three-color im-
munofluorescence assays

FITC PE Cy-chrome

T-cell subsets TCR-08 TCR-y3 Cb3
CD45RA Ch4
CD11b CD8

CD45RA HLA-DR CD4

CD45RA CD25 CD4
B-cell subsets CD5 CD20
CD23 CD20

NK-cell subsets CD16 CD56 CD3

FITC: fluorescein isothiocyanate, PE: phycoerythrin, TCR: T-cell receptor,
NK: natural killer
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Table 2. Changes in major lymphocyte populations

CordBlood 1-2years 2-5years 6-15years

(n=60) {n=40) (n=22) (n=14)

Teell (%) 62.1(14.4) 649(7.0) 654(82) 67.1(95)
Absolute count  3398(760} 2661(287) 2366(294) 1593 (468)

B cell {%) 17.4080) 25169} 231(63} 168(29)
Absolute count ~ 905(470) 1291(269) 803(125) 386 (638)
NK celf {%) 192(115) 128(7.6) 147(10.1) 203(12.9)
Absolute count ~ 1039(615) 525(317)  504(371) 487{(271)

Values are expressed as mean {standard deviation)

expressing CD20. Natural killer (NK) cells are de-
fined as CD3- lymphocytes which express CD16,
CD56, or both. In all cases, the sum of lymphocyte
lineage percentages (%T + %B + %NK) was 100%
+ 5% in each age group. The calculation of this
“lymphosum” is an important quality control indica-
tor for all lymphocyte subset determinations by flow
cytometry.

Results
Major lymphocyte subpopulations

The absolute counts and percentage of T cells, B
cells and NK cells are presented as Table 2 and Fig-
ure 1. Both the absolute T-cell and NK-cell counts
decreased from infancy to adolescence; however,
the percentage of T cells increased gradually with
age and the evolution of the percentage of NK cells
was variable. The absolute B-cell count increased
from birth to one to two years old then declined with
age. A similar condition was seen in B-cell percent-
age. The dissociation between trends in absolute
counts and percentage of T and NK cells emphasiz-
es the importance of lymphocyte subsets as a frac-
tion of the total pool. This allows direct compari-
sons of the relative proportions of major lymphocyte
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Fig. 1. Changes in major lymphocyte populations



Table 3. T-cell subset analysis in Chinese children

CordBlood 1-2years 2-hyears 6-15years
(n=60) {n=40) (n=22) (n=14)
Tcell (%) 62.1(144) 649{7.0) 654(82) 67.1(95)
TCRof in CO3* 61.7(142) 575(7.1) 59.0(121) 47.9(181)
TCRyS in CD3* 1.4(06) 6.7(3.4) 6.4(2.2) 8.4(4.0)
CDAT cell (%) 4770128) 485(7.2)  446(10.1) 458(15.2)
CD45RA- in CD4* 6.6(34) 17.316.0) 23581  27.7(92)
CD45RAx in CD4* 933(34) 827(6.1)  765(74)  723{92)
CD8T celt (%) 153(57) 298(62) 21.1(60) 232(5.2)
CD11b-CD8 (%) 133(58)  20.0(6.2) 19.0(5.8) 184(6.8)
CD11b+ CD8 (%) 1.4{0.8) 1.3(09) 24(22) 49(34)

Values are expressed as mean (standard deviation), *: proportion

lineages between age groups in which absolute
counts may differ markedly.

T-cell differentiation and activation {Tables 3 and 4)

The percentage of CD4+ T cells remained relatively
unchanged from infancy to adolescence, but the per-
centage of CD8* T cells was lowest at birth and
reached maximal level in the one to two year-old pe-
riod (Fig. 2).

At birth nearly all CD4 cells expressed CD45RA,
a marker associated with virgin, non-antigen-primed
T cells (CD3+*CD4+*CD45RA* cell, thus designated
as “naive” T cells). The expression of CD45RA de-
clined with time, but the percentage of CD45RA-
CD4 cells (CD3+CD4+CD45RA- cells, designated
as “memory” T cells) increased with age (Fig. 3).
The same trends were seen in T-cell receptor of3-
and yd-bearing T cells (Fig. 4). The percentage of
CD11b*CD8* T cells increased gradually from birth
and reached maximal level from 6 to 15 years old.

The percentage of CD4+ T cells expressing the
activation markers HLA-DR and CD25 was ob-
served to be lowest at birth and to increase with age.
HLA-DR+*CD4+ T cells reached maximal levels
from one to two years old and CD25+*CD4+ T cells
likewise at adolescence.

Table 4. Memory T cell subsets analysis in Chinese children

CordBlood 1-2years 2-5years 6-15years
{(n=860) {n=40) (n=22) (n=14)

CD4 T cell (%) 477(126) 485(7.2) 446(10.1) 458(152)
CD45RA- in CD4* 66(3.4) 17.3(60) 235(81) 277(9.2)
HLA-DR in CD4 {%) 21(14)  145(48 132{39) 115(35)

HLA-DR in CD45RA-CD4* 37(69) 292(86) 252(80) 248(11.0)
HLA-DR in CD45RA-CD4* 180160 11.8(5.1) 94(4.1) 173.7)
CD25 in CD4 (%) 82(82) 118(23) 139(31} 157{41)
CD25 in CD45RA-CD4* 36.4(368) 303(83) 342(77) 365(93)
CD25 in CD45RA-CD4* 630630  86(20) 92(3.1) 8.1(3.3)

Values are expressed as mean (standard deviation), *: proportion

Lymphocyte subsets in children
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Fig. 2. CD4 and CD8 T cell development in Chinese children

B cell subsets (Table 5)

The fraction of B cells that expressed CD5 was high
at birth (72.9%) and was highest from one to two
years old (73.1%), then declined steadily over time.
In contrast, the CD23 antigen was expressed on
41.9% of B cells at birth and 68.6% from one to two
years old, then declined steadily with age.

NK cell subsets (Table 6)

The NK cells were defined as CD3- lymphocytes
that expressed CD16, CD56 or both. The percentage
of CD16+*CD56- NK cells declined with age but the
evolution of the percentage of CD16-CD56* NK
cells was variable.

Discussion

It has been reported that the total T-cell, B-cell and
NK cell counts decline with age. Moreover, despite
the decline in absolute counts, the relative propor-
tions of lymphocyte subsets vary, and T-cell per-
centages, both in CD4+ and CDS8+ subsets, progres-
sively increase (6, 7). In this study, similar declines
were noted in T-cell and NK-cell absolute counts
but the absolute B-cell count increased from birth to
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Fig. 3. Memory and naive T cell development in Chinese chil-

dren
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Table 5. B-cell subsets analysis in Chinese children

CordBlood  1-2years 2-5years 6-15years
{n=60) {n=40) (n=22) (n=14)
CD 20 B cell (%) 17.1(9.0) 25169 231053} 16.8(29)
CD5in CD 20 B celf* 729(108) 73.1{122) 66.2{84] 54.4{9.9
CD23inCD20Bcell*  41.9(151) 686(11.3) 574(98) 522{104)

Values are expressed as mean (standard deviation), *: proportion

age one to two, then declined with age. A similar in-
crease was noted in the percentage of lymphocyte
subsets in T cells but not in CD4+ and CD8+ subsets.
Such variations may be the result of race difference,
different grouping methods in age categories and
other as yet undefined factors.

The CD45RA marker is expressed on 93.3% of
CD4+ cord blood lymphocytes, but the fraction of
CD45RA+/CD4+ cells decreased significantly with
age, a finding confirmed by the observations of oth-
er groups (4, 8, 9). Also, the fraction of CD45RA-/
CD4+ cells was noted to increase significantly with
age. This is consistent with the hypothesis that
CD45RA+/CD4+ cells are virgin, antigenically
unprimed T cells which evolve into CD45RA-/CD4+
cells, presumably as the result of antigen exposure
(10).

HLA-DR is a MHC class II antigen that is ex-
pressed as a lineage marker on B cells but as an acti-
vation marker on T cells. In the newborn infant, acti-
vated T cells, as measured by the percentages of
CD25 and HLA-DR on CD4+ cord blood cells, were
8.2% and 2.1%, respectively. Both activation mark-
ers increased significantly across age groups, a find-
ing consistent with other authors’ reports (6, 7, 9).
In HIV infection, fewer than 5% of CD4+ cells coex-
press HLA-DR at any stage of HIV infection (11).
The functional role of the HLA-DR* T cells in both
normal subjects and HIV patients is unclear, though
there is some evidence that it marks a T cell primed
for cytolytic activity (12).

CD11b is an adhesion molecule expressed mainly
on monocytes, neutrophils, and NK cells and it con-

Table 6. NK-cell subset analysis in Chinese children

Cord Blood 1-2years 2-5years 6-15years

(n=80) (n=40) (h=22) (n=14)
CD16+CD56:CD3-NK cells (%) 192(115) 128(76) 147(10.1) 20.3(12.9)
CD16+CD56 in NK cells* 127(10.1) 87(50) 81(64) 52(33

CD16-CD56* in NK cells*
CD16+CD56* in NK cells*

332(252) 21.7(12.7) 22.1{14.1) 353{29.1)
54.1(219) 696(11.6) 63.2(16.4) 59.4(298)

Values are expressed as mean {standard deviation); *: proportion
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tributes to cellular adhesion and phagocytosis.
CD11b also plays a role as the type 3 complement
receptor which binds to inactivated C3b. In addition,
intercellular adhesion molecule-1 (ICAM-1), fibrin-
ogen and coagulant factor X are also the natural lig-
ands for CD11b. The function of CD11b* T cells
also has not been exactly defined. It was suggested
that CD11b*CD8* T-cell subset contained suppres-
sor T cells, but not cytotoxic T cells (13). CD11b*
clones of either CD4+ or CD8* T-cell subsets did
show suppressor T-cell activity (14, 15). In our
study, the percentage of CD11b+*CD8* T cells in-
creased gradually from birth and reached maximal
level from 6 to 15 years old. The result is consistent
with an earlier report showing an age-dependent in-
crease in the CD11b*CD8+ T-cell population (16).

The first T cells appearing during embryonic de-
velopment carry Y0 T-cell receptors. Later in devel-
opment, T cells are produced continuously and T
cell receptor of-bearing T cells predominate. It has
been reported that Y3 T cells increase with age in the
peripheral blood, peaking at around 10 years of age
(17). Another study pointed out that ¥ T cells con-
tinued to increase with age until at least 25 years old
(9) and a similar trend was noted here.

The CDS antigen was detected on the majority of
B cells in cord blood, a finding that agrees with pre-
vious reports (6, 9, 18). Further, CD5* B cells ac-
count for the major B cell subset in fetal lymph
nodes, spleen, and liver (19, 20). This population
predominates in B-cell chronic lymphocytic leuke-
mia (21) and in certain autoimmune diseases, espe-
cially rheumatoid arthritis (18). Results of function-
al studies suggest that the CD5+ population is re-
sponsible for the production of many autoantibodies
and low affinity polyreactive antibodies (22). The
decline of CD5 expression appears to be an impor-
tant maturational characteristic of circulating pe-
ripheral human B cells.

CD23 appears in the early phase of B-cell activa-
tion and is considered to be a B-cell differentiation
antigen (23). It also serves as an IgE receptor that
traps antigens on B cells for internalization, process-



ing and presentation to T cells. Unprotected CD23 is
cleaved from the surface of cells by endogenous
protease, and the soluble fragments induce the
growth of not only B cells but also T cells and mye-
loid cells (24). Reports about the age-related chang-
es of CD23+ B cells percentage are variable (6, 9),
but all showed a trend toward increase across age
groups. Our study result also shows the same pat-
tern. The CD23 antigen was expressed on 41.9% of
B cells at birth and 68.6% from one to two years
old, then declined steadily with age. It is likely that
its increase results from continuous antigenic expo-
sure during aging (23).

Little is known about the ontogenic development
and maturation pathways of human NK cells. It has
been postulated that CD16-CD56* cells are precur-
sors of CD16+*CD56+ NK cells (25-27). However,
Gaddy and Broxmeyer reported that cord blood
CD16*CD56- cells with low lytic activity acquired
adult-like lytic activity and surface antigen pheno-
type (CD16+CD56+* or CD16-CD56+ NK cells) upon
culture with certain cytokines. Thus, CD16*CD56~
NK cells are implicated as possible precursors of
mature NK cells (28). In our study, the decline in
percentage of CD16*CD56- NK cells with age may
reflect the process of maturation.

The data showed that the percentage of NK cells
in peripheral blood increased over time, except that
the percentage was as high as 19.2% at birth. An in-
crease in NK percentages from infancy to adulthood
was absent in studies involving Caucasian popula-
tions (6, 9) but has been reported by a study of
Asian subjects (29). This finding is consistent with
the report of higher NK cell percentages found in
Chinese blood donors than in Caucasian blood do-
nors (30).

In conclusion, it was shown that there are age-re-
lated changes in the lymphocyte subsets in normal
Chinese children. When evaluating the immune sta-
tus of children, consideration of age-related changes
is essential and the findings of this study are impor-
tant for interpreting changes in various diseases.
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