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Human natural killer T cells acquire a memory-activated phenotype before birth
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Natural killer T (NKT) cells have recently
been shown to play an important role in
the rejection of malignant tumors and in
the regulation of autoimmune diseases.
Potent antitumor effects of the marine
sponge—derived NKT cell ligand KRN7000
were observed in mice. Therefore, the
elucidation of the natural ligand of NKT

cells, which is currently still unknown,
might have important clinical conse-
guences for the treatment of cancer and
autoimmune diseases. Analysis of cord
blood mononuclear cells from healthy
term infants demonstrated that in sharp
contrast with the vast majority of cord
blood lymphocytes, human NKT cells

have already acquired a memory-acti-
vated phenotype before birth. This obser-
vation indicates that NKT cells encounter
a natural ligand during fetal life and that
this ligand is unlikely to be of microbial
origin. (Blood. 2000;95:2440-2442)
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Introduction

Natural killer T (NKT) cells have recently been identified as &tudy design

novel lymphocyte lineage. In humans these cells are characterized

by an extremely restricted T-cell receptor (TCR) repertoire consigtell preparation

ing of a Va24 chain prefgrentlally pa'“_ad with gﬂll chglnl.‘?’_ Cord blood of 10 healthy term infants (6 males and 4 females) and

NKT cells have been implicated as playing crucial roles in Var'OUp%ripheral blood of 5 healthy adult volunteers (3 males and 2 females; mean
immune responses including protective immunity against maligye 32 years) were obtained after informed consent. Mononuclear cells

nant tumors and the regulation of autoimmune dise&$&he ere prepared by density gradient centrifugation (Lymphoprep; Nycomed
natural ligand of NKT cells is still unknown. The NKT cell ligand Pharma AS, Oslo, Norway).

KRN7000 is anx-galactosylceramide that was originally isolated
from a marine sponge. The fact that ligand KRN7000 exhibitﬁ
potent antitumor activity in micesuggests that the elucidation of
the natural ligand will be of critical importance for understandinglow cytometric expression of cell-surface markers was assessed (FACStar
the physiological role of NKT cells. The natural ligand mighplus; Becton Dickinson, San Jose, CA). T cells were characterized by
provide clues for designing better treatments for conditions such@@ression of CD3, NK cells by expression of CD16, and NKT cells by
autoimmune diseases and cancer. It has been demonstrated 4pfitPression of the T-cell recepton4 and \B11 chain. The following

adult human W24*VB11* T cells (NKT cells) express enhancedreagents were used: phycoerythrin-labeled (PE-labeled) CD3 and CD16
. . d fluorescein isothiocyanate—labeled (FITC-labeled) CD69 (Becton Dick-
levels of the memory marker CD45RO compared with malnstrea"flnﬂson); PE-labeled CD25, CD45RA, and CD4SRO (PharMingen, San

of T Cg”s' This indicates that NKT cells are, at some po'“i:)iego, CA); PE- and FITC-labeleda24 and PE- and biotin-labeledde1
exposed to (:an antigen. A continuous antlge_n exposure See'(’ﬂ"ﬁmunotech, Marseilles, France); PE-Cyanin 5.1 (Cy5)-labeled CD62L
however, unlikely because these NKT cells did not appear to kg from Beckman Coulter, Mijdrecht, The Netherlands); and R-PE-Cy5—

constitutively activated. labeled streptavidin (DAKO, Glostrup, Denmark).
Strong expression of CD45RA and weak expression of memory

marker CD45RO0, illustrative of the naive status of the fetal
immune system, characterizes mononuclear cells from human ch
blood. Activation of naive T cells, which coexpress CD45RA andtatistical analysis was performed using the paired Stuckest;P < .05

the lymph node homing receptor L-selectin (CD62% Jesults in  was considered significant.

loss of the CD45RA epitope, acquisition of the CD45RO epitope,

and loss of CD62LL! In this study we compared the expression of

various activation and memory markers on human T cells, NResults and discussion

cells, and NKT cells from both cord and adult peripheral blood and

demonstrated that human NKT cells are unique in acquiring T&ne naive status of the fetal immune system is illustrated by the fact
memory-activated phenotype before birth. It appears that NKiffiat the vast majority of human cord blood mononuclear cells strongly
cells therefore encounter a natural ligand during fetal life, whiokxpresses CD45RA and weakly expresses memory marker CD45RO0.
might indicate that these cells already exert an important immuBeiring activation of naive T cells, which coexpress CD45RA and
regulatory function before birth. CD62L 10 the CD45RA/RO conversion is accompanied by an initial

ow cytometry

atistical analysis
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up-regulation of CD62L expression, which is thereafter heterogeneous
down-regulated, leading to CD45ROD62L" and CD45ROCD62L~ -
memory-effector cell® Surprisingly, when analyzing human cord <2 v
blood monawuclear cells from healthy term infants, we found thatin uy =L, ]
sharp contrast with both T cells and NK cells, NKT cells strongly = :
expressed CD45RO and weakly expressed CD45RA (Table 1¢y =1
Accordingly, CD62L expression was significantly reduced on cord  =_ 1; )
blood NKT cells when compared with T cells. Expression of  “1® 1o’ 10 1w0? 10?
CD62L on NK cells was moderate, in line with a previous report
that showed limited CD62L expression on NK céfisThese data -
indicate that NKT cells are unique in acquiring a memory =
phenotype during fetal life and that they have been activated, ¢ 4 ‘o4
some moment in fetal life, by encountering a natural ligand. N

To determine whether NKT cells showed signs of activation in © 23
cord blood, we assessed the expression of CD25 and CD69 on co¢) -
blood NKT cells. Although we observed negligible expression of i
the early activation marker CD69, a high proportion of cord blood
NKT cells expressed the activation marker CD25, which indicates
previous antigen contact. As the TCR repertoire of a cell populatior
is skewed upon such contacts, it is not surprising that NKT cells alread, . V (X.Z 4 —m
exhibit a restricted TCR repertoire in cord bloddRepresentative Figure 1. Memory-activated phenotype of cord blood NKT cells. Expression of
dOt-p|OtS of CD45RA, CD45R0, CD62L, and CD25 expression ipyemory marklers CD45RA, CD4SRO, CD62L, and CD25 on corq blood VB11* T

. . cells. Expression was assessed using flow cytometry. Representative dot-plots of 1

cord blood \B11* T cells are shown in Figure 1. donor are shown.

The memory phenotype of NKT cells, as determined by the
expression of CD45RA, CD45R0, and CD62L, was similar omakes it very unlikely that this ligand is of microbial origin. The
NKT cells in adult peripheral blood. However, the expression atason for the activation of NKT cells in utero is at this time still
CD62L appeared to have been further down-regulated on adsiiteculative, but it might illustrate an important regulatory function.
NKT cells when compared with cord blood NKT cells. Of noteAn essential role for NKT cells in the development of immune
NKT cells in adult peripheral blood were also found to expregslerance was recently demonstrated in the anterior chamber—
distinct but highly variable levels of CD25 expression (Table 1associated immune deviation model. When an antigen was placed
These findings indicate that the as-yet unknown natural ligand(e)the anterior chamber of the eye, NKT cells were found to be
can continue to stimulate NKT cells in healthy adult individuals. critical for the induction of systemic tolerance through the induc-

CD1 molecules present lipid, glycolipid, or hydrophobic peption of regulatory T cell$! Because defects in NKT cell develop-
tide antigens and have been implicated in playing an important rateent and/or function have been reported to be involved in the
in the presentation of microbial produétsThe NKT cell ligand development of several autoimmune diseases, it seems possible
KRN7000 was shown to be presented to NKT cells by the evolutiondiyat the activation of NKT cells is a more general mechanism
highly conserved CD1d molecule!® Therefore cellsexpressing through which regulatory T cells are generated.
CD1d (eg, cells from the hematopoietic lineage, hepatocytasd We provide evidence that NKT cells acquire a memory pheno-
trophoblast cel) are candidates for the observed fetal activatiotype before birth. This observation, combined with the proposed
of NKT cells. Possible natural ligands would heanomeric regulatory roles of this cell population, might indicate that NKT
monoglycolipids or phytosphingosine with glycolipid structures;ells already play an important role in the regulation of immune
which have been detected in certain bacteria and in some cormgisponses and in the maintenance of self-tolerance in utero.
tions of mammalian tissues such as cancer cells and fetal cétlsicidation of the natural ligand(s) of NKT cells will be crucial for
(summarized in Kawano et'd). a better understanding of the putative physiologic function(s) of

Our data strongly suggest that NKT cells encounter a natufdKT cells and might have important clinical consequences in tumor
ligand during fetal life. The germ-free environment of a fetusmmunotherapy and in the treatment of autoimmune diseases.
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Table 1. NKT cells and a memory-activated phenotype

Cord Blood Adult Blood

T Cells NK Cells NKT Cells T Cells NK Cells NKT Cells
CDA45RAPright 64.4 £ 10.1 98.0 = 2.7 9.4 £ 7.5% 50.3 £ 5.4 97.1x21 3.4 1.3
CD45RAdM 33.2+9.0 19+28 429 +21 274 +6.2 27+20 79.7 + 8.2*
CD45RO 254 £53 2.7 *27 93.7 = 5.6* 53.4 = 8.4 3.7+19 99.2 + 0.71
CD62L 79.7 £ 18.7 22.6 = 10.6 41.3 + 16.3% 67.9 = 9.6 28.0 + 10.5 15.4 + 11.2F
CD69 02+0.1 18+26 0.5+0.8 0.5+0.3 15*16 8.5+ 8.9
CD25 7.4+28 13+15 60.8 = 23.8* 170+ 6.1 2.7 +17 55.7 + 25.28

Expression of cell-surface markers on T, NK, and NKT cells in cord and adult peripheral blood. Data represent mean percentage = SD of positive cells within each cell
population. NKT cells represented 0.08 + 0.05% and 0.08 * 0.04% of T cells in cord and adult peripheral blood, respectively.

*Indicates significant compared to T cells (P < .0001) and NK cells (P < .0001).

TIndicates significant compared to T cells (P = .0002) and NK cells (P < .0001).

FIndicates significant compared to T cells (P < .0001).

§Indicates significant compared to T cells (P = .0376) and NK cells (P = .0095).
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