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Thymus-dependent modulation of Ly49 inhibitory receptor expression
on NK1.17y/8 T cells
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SUMMARY

Major histocompatibility complex (MHC) class I-specific inhibitory receptors are expressed not
only on natural killer (NK) cells but also on some subsets of T cells. We here show Ly49 expression on
v/8 T cells in the thymus and liver of B,-microglobulin-deficient (Bom~'7) and C57BL/6 (Bm™*'™)
mice. Ly49C/I or Ly49A receptor was expressed on NK1.17v/8 T cells but not on NK1.1~v/d
T cells. The numbers of NK1.17y/8 T cells were significantly smaller in fom™/* mice than in
Bom ~/~ mice with the same H-2° genetic background. Among NK1.1 /5 T cells, the proportions
of Ly49C/1* cells but not of Ly49A * cells, were decreased in pom*/* mice, suggesting that cognate
interaction between Ly49C/I and H-2K" is involved in the reduction of the number of Ly49C/I ™ y/&
T cells in fom ™" mice. The frequency of Ly49C/I™ cells in NK1.1*+v/8 T cells was lower in both
lethally irradiated f,m ™" mice transplanted with bone marrow (BM) from B,m /'~ mice and
lethally irradiated f,m '~ mice transplanted with BM from f,m ™/ mice than those in adult
thymectomized BM-transplanted chimera mice. These results suggest that reduction of Ly49C/T*
NKI1.1"v/8 T cells in fom /" mice is at least partly due to the down-modulation by MHC class I

molecules on BM-derived haematopoietic cells or radioresistant cells in the thymus.

INTRODUCTION

The major histocompatibility complex (MHC) class I-specific
receptors currently identified have been assigned to two distinct
groups that belong to the immunoglobulin and C-type lectin
superfamilies."* In mice, C-type lectin inhibitory receptor Ly49
family and CD94/NKG2 homologue are identified. Most
mouse natural killer (NK) cells simultaneously express two
or more Ly49 receptors, and MHC class I haplotype influences
the frequency and the level of expression of these receptors on
NK cells expressing self-MHC-specific receptors.’> There is
accumulating evidence concerning the mechanisms underlying
the Ly49 receptor repertoire formation of NK cells, and it is
most likely that host MHC class I molecules specifically
interact with Ly49 receptors, resulting in down-regulation of
Ly49 expression during a phase of NK-cell differentiation.>®

Received 26 June 2000; revised 8 September 2000; accepted
21 September 2000.

Abbreviations: ATX, adult thymectomized; BM, bone marrow;
Bom, B, microglobulin; KIR, killer cell inhibitory receptor; MNC,
mononuclear cell.

Correspondence: Dr H. Nishimura, Laboratory of Host Defense &
Germfree Life, Research Institute for Disease Mechanism & Control,
Nagoya University School of Medicine, Nagoya 466-8550, Japan.

Ly49 receptors are also expressed on certain subsets of o/}
T cells such as NK1.1 o/ T cells.”'* The study of TAPI-
deficient mice which express CD1 [the positively selecting
ligand for the canonical T-cell receptor (TCR) on NK1.1 "o/
T cells] but not MHC class I (the ligand for Ly49 inhibitory
receptors) demonstrated that loss of Ly49 expression is not due
to the selection against NK1.17a/B T cells expressing self-
MHC-reactive Ly49 receptors, but rather the simple down-
regulation of receptor expression which may be caused in
a lineage-specific fashion.” Thus, it is conceivable that both NK
and NK1.1*a/B T cells adapted to the MHC environment for
their maturation and function by simple down-regulation of
self-reactive MHC inhibitory receptor expression.

A majority of human CD8*y/8 T cells, particularly the
Vy9/V32 subsets in the peripheral blood and gut, express
CDY4, killer cell inhibitory receptor (KIR) or both.'* !5 The
KIR expressed on human v/3 T cells can impair antigen-specific
cytotoxic T lymphocyte functions, anti-tumour responses and
cytokine production.'*'® Thus, the inhibitory receptors on v/8
T cells also serve to raise the threshold of activation, which may
act as a safeguard against autoreactivity or terminate a primary
response.

In this study, we compared the expression of Ly49 receptors
on y/d T cells in the thymus and liver between C57BL/6
[B>-microglobulin (B,m) ™/ *] and p,m-deficient (Bom ' ~) mice
with H-2® genetic background. Ly49 receptors were expressed
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only on the NK1.1*" fraction of v/§ T cells, and a reduced
frequency of NK1.17v/8 T cells was correlated with the
decrease of NKI1.179/8 T cells, with Ly49C/I* receptor
recognizing H-2K® in Bom™'* mice. Analysis of lethally
irradiated bone marrow (BM)-transplanted chimera mice
revealed that expression of B,m-associated molecules either
on radioresistant host cells or BM-derived cells in the thymus is
essential for the reduction of the frequency of Ly49C/+
NK1.1%y/8 T-cell fraction. These results suggest that expres-
sion of MHC class I molecules in the thymus plays a key role
in shaping the repertoire formation of Ly49-positive cells in
NK1.17y/8 T cells.

MATERIALS AND METHODS

Mice

All mice used in this study were bred in the Nagoya University
School of Medicine (Nagoya, Japan) animal barrier facility
under specific pathogen-free conditions. B6-Ly5.1 mice (H-2°,
Ly5.1) were kindly provided by Dr Kenji Kishihara (Depart-
ment of Immunology, Medical Institute of Bioregulation,
Kyushu University, Fukuoka, Japan). Mice genetically defi-
cient for B,m gene expression bred to the C57BL/6 (H-2°,
Ly5.2) background were obtained from Taconic (Germantown,
NY). Age- and sex-matched C57BL/6 mice obtained from
Japan SLC (Hamamatsu, Japan) were used as controls.

Antibodies and reagents

Phycoerythrin (PE)-conjugated anti-NK1.1 monoclonal anti-
body [mAb; PK136, mouse immunoglobulin G2a (IgG2a)];
fluorescein isothiocyanate (FITC)-conjugated anti-TCR v/
mAb (UC7-13D5, hamster IgG), anti-Ly49C/I mAb (5E6,
mouse IgG2a), anti-Ly49A mAb (Al, mouse IgG2a) and
anti-CD3 mAb (145-2C11, hamster IgG); biotin-conjugated
anti-CD4 mAb (RM4-5, rat 1gG2a), anti-CD8o mAb (53-6.7,
rat IgG2a) and anti-TCR v/3; purified anti-Ly5.1 mAb
(A20, mouse IgG2a) and anti-NK1.1 mAb were purchased
from PharMingen (San Diego, CA). Red613®-conjugated
streptavidin and Cy5-conjugated anti-mouse IgG (H+L)
were obtained from Life Technologies (Gaithersburg,
MD) and Amersham Pharmacia Biotech (Uppsala, Sweden),
respectively.

Cell preparation

Mononuclear cells (MNCs) from the thymus were obtained by
standard methods. Hepatic MNCs were prepared as previously
described.!” Briefly, the liver was removed in Hanks’ balanced
salt solution (HBSS) and gently minced on a fine stainless steel
mesh. After washing with HBSS, the pellet was resuspended in
45% Percoll (Amersham Pharmacia Biotech, Uppsala, Sweden)
solution and gently layered on 66% Percoll solution, then
centrifuged at 800 g for 20 min at room temperature. The
interface was harvested and washed with HBSS. T-cell-depleted
BM cells were prepared by treatment of the BM cells with
anti-Thy-1.2 mAb plus complement (LOW-TOX™ Guinea-Pig
Complement, Cederlane Lab., Ontario, Canada).

Flow cytometry

v/8 T cells were stained with PE-, FITC-, or biotin-conjugated
mAbs. To block FcR-mediated binding of the mAb, 2.4G2
(anti-FcyR mAb, rat IgG2b) was added. All incubation steps
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were performed at 4° for 30 min. To detect biotin-conjugated
mAD, cells were stained with Red613®-conjugated streptavidin
after incubation with primary mAb. For four-colour fluores-
cence-activated cell sorter analysis, cells were stained with
purified anti-NK1.1 mAb (PK136) followed by Cy5 anti-
mouse IgG. After vigorous washing, cells were stained with
PE-anti /6 TCR mAb, biotin-anti-CD4 mAb, biotin-anti-
CD8 mAb or biotin-anti-CD3 mAb and FITC-anti-Ly49C/I
mAb, or FITC-anti-Ly49A mAb followed by streptavidin-
RED613®. The stained cells were analysed with a FACS-
Calibur (Becton Dickinson, San Jose, CA). Small lymphocytes
were gated by forward and side scattering.

Generation of bone marrow chimera mice

Six- to eight-week-old B6-Ly5.1 (Bom™'*) and Bom '~
adult mice were either thymectomized (ATX) or sham-
thymectomized (sham-ATX). Seven days after the surgical
procedure, these mice were subjected to total body irradiation
with a dose of 800 rads and reciprocally reconstituted by an
intravenous injection of 1x 107 Thyl.2* T-cell-depleted bone
marrow (BM) cells from B6-Ly5.1 or f,m /'~ mice. Sixteen to
20 weeks after BM transplantation, each group of mice was
subjected to analysis. The proportions of donor-derived
cells were checked by the positive expression of Ly5.1
for B6-Ly5.1 BM-transplanted P,m ™'~ mice (designated
Bom ™'+t —Bm /") or the negative expression of Ly5.1 for
Bom '~ BM-transplanted B6-Ly5.1 mice (fom '~ —pm /™).
Mice in which donor-derived cells were proven to account
for 95% or more were used for analysis.

Statistics
The data were analysed by Student’s z-test, and a P-value of
less than 0-05 was taken as significant.

RESULTS

Increased expression of Ly49C/I receptors on NK1.17" v/
T cells in f,m-deficient mice

We previously reported that a significant fraction of y/d T cells
has NKI.I molecules.'® To examine the difference in
NK1.1*/8 T-cell development between p,m*’* and p,m '~
mice, we compared the proportion and absolute numbers in
the thymus or liver between fom ™'+ and p,m '~ naive mice.
As shown in Fig. 1(a) and Table 1, the numbers of NK1.17"
cells in y/0 T cells were significantly smaller in each organ of
Bom™’* mice than those in fom~/~ mice.

MHC class I-specific inhibitory receptors such as Ly49
have been reported to play a role in shaping the repertoire of
murine NK cells and NK1.1 7o/ T cells.®>”® Therefore, we next
examined the expression of these receptors on NKI1.17v/§
T cells in the thymus of fom '~ and fom ™™ mice. As shown in
Fig. 1(b) and Table 2, the proportion of NK1.1%y/8 T cells
expressing Ly49C/I, specific for H-2%5%% was significantly
lower in fom ™/ mice than in fom~'~ mice with the same H-2°
background (22:9+7:6% versus 52-4+7-7%, respectively,
P<0-01). On the other hand, the proportion of NK1.17v/3
T cells expressing Ly49A, which recognizes H-2D%¥, did not
differ in Bom™*’* mice from B,m ~/~ mice (20-0 +4-4% versus
27-8 +3-3%, respectively). NK1.17v/3 T cells expressed neither
receptor to any significant degree. This predisposition of Ly49
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Figure 1. (a) Flow cytometric analysis of NK1.1 expression on thymocytes and liver mononuclear cells (MNCs) from naive C57BL/6
(B>m ™) and Bm-deficient (Bom ~/~) mice. The gates used to distinguish small lymphocytes in the thymus and liver of p2m*’* mice
were shown (left panels). Analysis gates were set on CD4~ CD8 v/8 TCR™ cells for thymocytes and CD3* cells for liver MNCs.
Data were representative of nine independent experiments and shown as typical profiles. (b) Expression of Ly49 receptors on
NK1.179/8 T cells in the thymus of pom™*'* and p,m~'~ mice. For four-colour FACS analysis, thymocytes from naive p,m*'* or
Bom ~'~ mice were stained with purified-anti NK1.1 mAb (PK136) followed by Cy5-anti-mouse IgG. After vigorous washing, cells
were stained with PE-anti-y/6 TCR mAb (GL3), biotin-anti-CD4 mAb (RM4-5), biotin-anti-CD8 mAb (53-6-7) and FITC-anti-
Ly49C/T mAb (5E6), or FITC-anti-Ly49A mAb (A1) followed by streptavidin-RED613®. Analysis gates were set on CD4~ CDS8 ™,
NKI.1* and v/§ TCR™, and expression of each Ly49 receptor was shown as single histogram. Data were representative of three
independent experiments and shown as typical profiles.

receptor expression was also observed on the liver MNCs
(Table 2).

Both BM-derived cells and radioresistant thymic cells
determine the frequency of Ly49C/I" NK1.17y/8 T cells

Although a significant fraction of /3 T cells can develop
outside the thymus, most /8 T cells develop under the influence

of the thymus. To examine the role of the thymus in
determining the frequency of Ly49C/I" NKI1.1"y/8 T cells,
BM-transplanted chimera mice were generated in either
euthymic (sham-ATX) or athymic (ATX) conditions using
Bom /'~ and B6-Ly5.1 mice (Bom ™’ ™) with H-2° background.
First, we prepared BM-transplanted chimeras by reconstituting
lethally irradiated adult B6-Ly5.1 mice with T-cell-depleted
BM cells obtained from syngeneic Pom /'~ mice (Ly5.2),
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Table 1. Proportion and absolute number of NK1.1%y/3 T cells in the thymus and the liver of ,m-deficient mice

Thymus

Liver

NKI1.1*9/8 T cells in
CD4~ CD8 /5 T cells (%)

Total NK1.1%
/8 T cells (x 10%)

Total NK1.1%
v/5 T cells (x 10%)

NKI1.1y/8 T cells
in y/8 T cells (%)

Bom '~ 38-142-8%
Bom*/* 150434

29+0-7*
07402

4394+ 11-5%
23:2+48

5:6+1:9%
14409

Values represent mean + SD of nine individual determinations.

*P<0-05 by Student’s r-test compared with the values for pom ™'+

mice.

Table 2. Proportions of Ly49 receptor-positive subsets in the liver
NKI1.1*y/8 T cells of bone marrow-transplanted chimera mice

Percentage Percentage

of Ly49C/1 of Ly49A

positive cells positive cells
Bm™/* 20254 7-3%%% 20-7+43
Bom '~ 50-5+65 225435
Bom ™t/ > pom /T (sham-ATX)* 20-2 4 6-2%%* 24-8453
Bom /T 5 Bm ™' (ATX) * 60-64+97 217483
Bom '~ —B,m ' * (sham-ATX)* 3424 6-2%* 19-0+1-4
Bom /T > Bm ™ F (ATX) * 554446 209434

Values represent average percentages+SD of three to five individual
determinations.

*Liver mononuclear cells were obtained from each chimera after
16-20 weeks after in vivo transfer.

*% P <0-05 by Student’s 7-test compared with the values for fom ™

**%P<(-01 by Student’s r-test compared with the values for B,m ™
mice.

'~ mice.
/7

in which B,m-associated molecules including classical MHC
class I are expressed only on radioresistant host cells
(Bom '~ >B,m*’T). Sixteen to 20 weeks after BM trans-
plantation, mice in which the proportion of donor-derived
cells was proven to be 95% or more were used for analysis.
Total numbers of NK1.1" v/§ T cells were increased in the
liver of Pom ™'~ —P,m™*’'T ATX chimeras compared with
Bom '~ >B,m*’'* sham-ATX chimeras as control mice
(3-8 x10*+1-7 x 10* versus 0-7 x 10 +0-5 x 10* cells/liver, res-
pectively, P<0-05). As shown in Fig. 2(a) and Table 2, the
proportion of Ly49C/I* NK1.1%9/5 T cells in the liver of
Bom '~ —>B,m*’'" ATX chimeras was markedly higher than
that in fom '~ —B,m '+ sham-ATX chimeras (P <0-05). The
frequency and expression levels of Ly49A on NK1.1" /8 T cells
were not changed with these manipulations.

We next prepared BM-transplanted chimeras by recon-
stituting lethally irradiated adult B,m ™'~ mice with T-cell-
depleted BM obtained from B6-Ly5.1 mice (Bom™'"—
Bom~'7), in which B.m-associated molecules are expressed
only on the BM-derived donor cells, under either euthymic or
athymic conditions. As shown in Fig. 2(b) and Table 2, in
ﬁzm”*—»Bzm*/* ATX chimeras, a remarkable increase was
seen in the number of NK1.1%9/8 T cells accompanied with the
marked expansion of Ly49C/I-expressing cells. On the other
hand, in Bom*/* —>Bm '~ sham-ATX chimeras, a reduced
proportion of Ly49C/I-expressing NK1.17y/§ T cells was
observed. The frequency and expression levels of Ly49A
on NKI1.1"y/8 T cells were not different between fom ™/ —
Bom~/~ sham ATX and ATX chimeras.
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In contrast to NK1.179/8 T cells, there were no differences
in the proportion of Ly49C/I" NK cells in lethally irradiated
Bom '~ or Bom ™" mice reconstituted with B6-Ly5.1 BM cells
between ATX and sham-ATX mice, although the intensity of
Ly49C/I was lower than that in fom ™'~ mice (Fig. 3). These
results clearly indicate that the radioresistant host cells and/or
BM-derived donor cells in the thymus are required for the
reduction of the proportion of NK1.1*9/8 T cells that express
Ly49C/1 receptors.

DISCUSSION

The present study revealed that Ly49C/I or Ly49A inhibitory
receptor was expressed on the NK1.1% fraction of /8 T cells.
The decreased frequency of NK1.17v/5 T cells was correlated
with the reduction of the NKI1.17v/8 T cells with Ly49C/I
receptor recognizing H-2K® in Bom*’" mice as compared
with those in fm '~ mice with the same H-2° background.
Analysis of BM-transplanted chimera mice revealed that
expression of B,m-associated molecules either on radioresistant
host cells or BM-derived cells in thymus is required for the
reduction of the frequency of Ly49C/I* population in
NK1.1%9/8 T cells.

Several mechanisms could account for this modulation of
the frequency of NK1.1"9/8 T cells which express self-MHC
reactive Ly49 inhibitory receptors. One obvious possible
mechanism for regulation of Ly49 expression is that host
MHC class 1 molecules specifically interact with Ly49
molecules, resulting in down-regulation of the Ly49 receptor
expression. This hypothesis corresponds to the receptor
calibration model for NK cells, which relies on flexibility in
the expression of Ly49 molecules during a phase in NK-cell
differentiation.'®?° Positive and negative selections of o/f
T cells are tightly regulated in the thymus by their antigen-
specific receptors for MHC class I or II molecules with
antigens.” ?® The analysis of y/5 TCR transgenic mice pro-
vided evidence for positive and negative selections of v/ T cells
specific for the nonclassical MHC class I molecule TL,2"%
raising a possibility that clonal selections of y/3 T cells specific
for PB-m-associated molecules in the thymus may cause the
difference in repertoire in y/8 T cells between Bom™*’* and
Bom '~ mice. If y/5 T cells specialized to recognize self-B,m-
associated molecules are the major part of the Ly49C/I™*
NK1.1%y/8 T-cell population, the deletion of this population in
Bom ™'+ mice would result in the decrease in the Ly49C/I+
population on NK1.1*y/8 T-cell development. Compulsory
expression of Ly49 receptor by transgene is reported to impair
NK1.1"a/p T-cell development,”® suggesting that signalling via
Ly49 receptor inhibits the positive selection against o/ T cells
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Figure 2. Expression of Ly49 receptors on NKI1.1* v/§ T cells in the liver of BM-transplanted chimera mice. BM chimera mice
were generated by transplanting T-cell-depleted BM from f.m ™'~ mice into lethally irradiated 8-week-old B6-Ly5.1 mice
[Bom '~ —Bm™'* (a)] or BM from B6-Ly5.1 into f,m '~ mice [Bom™/* —B,m ™'~ (b)] either under euthymic (sham-ATX) or
athymic (ATX) conditions. Sixteen to 20 weeks after BM transplantation, the proportions of host-derived cells were checked by the
negative expression of Ly5.1 for fom ™'~ —B,m /% chimeras and by the positive expression for fom ™+’ —B,m~/~ chimeras. For four-
colour FACS analysis, liver MNCs from naive pom/* or pom '~ mice were stained with purified-anti Ly5.1 mAb (A20) followed by
CyS-anti-mouse [gG. After vigorous washing, cells were stained with PE-anti-NK 1.1 mAb (PK136), biotin-anti-y/6 TCR mAb (GL3)
and FITC-anti-Ly49C/I mAb (5E6), or FITC-anti Ly49A mAb (A1) followed by streptavidin-RED613®. Chimera mice in which the
percentage of donor-derived cells was proven to be 95% or more were used for analysis. Expressions of NK1.1 and y/6 TCR are
displayed by two-dimensional dot plots, and the expressions of Ly49C/I and Ly49A on NK1.1* and /8 TCR ™ cells are shown as
single histograms. Representative data from three to five mice in each group are shown as typical profiles.
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Figure 3. Expression of Ly49 receptors on CD3~ NKI.1"cells in
BMT chimera mice. Liver MNCs were stained with biotin-anti-CD3
mAb (145-2C11), PE-anti-NKI1.1 mAb (PK136) and FITC-anti-
Ly49C/I mAb (5E6) or FITC-anti-Ly49A (Al) followed by streptavi-
din-RED613®. Ly49C/I and Ly49A expressions on CD3 NKI1.1+
liver MNCs from lethally irradiated B6-Ly5.1 (Bom ™) (a) and p.m-
deficient (B,m ~/~) (b) mice reconstituted with B6-Ly5.1 bone marrow
either under euthymic (sham-ATX) or athymic (ATX) conditions are
displayed as single histograms. Representative data from three mice
in each group are shown as typical profiles.

expressing self-MHC reactive Ly49 receptor during their
development and maturation. We have previously reported
that a significant fraction of NK1.1%y/8 T cells was positively
selected in the presence of MHC class I molecules in thymus.'®
Therefore, it is alternatively possible that signalling via Ly49
inhibitory receptor may impair the positive selection of the
Ly49C/1* NKI1.17y/8 T cells by MHC class II molecules,
resulting in the reduction of this population in the thymus.
However, in contrast to o/ff T cells, given the paucity of
information about the selection molecules and physiological
ligands, the requirement of these interactions is still a matter of
debate with regard to y/6 T cells. The involvement of Ly49
inhibitory receptor in the thymic selection of immature
thymocytes awaits further analysis of positive and negative
selection of v/ T cells in thymus.

The modulations of the frequencies of Ly49-defined
NK-cell subsets has been shown to be induced by relevant
MHC class T molecules in a thymus-independent manner.*
Consistent with this finding on NK cells, we observed down-
regulation of Ly49C/I expression on NK1.179/8 T cells in both
Bom '~ >Bm*’* and Pym*’* >P,m '~ chimera mice irre-
spective of the presence or absence of thymus. These results
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suggest that expression of MHC class I molecules either on
radioresistant host cells or BM-derived cells outside thymus
down-modulate Ly49C/I expression on NKI1.1*y/8 T cells.
However, in sharp contrast to NK cells, the presence of
thymus greatly influences the number of Ly49C/I" NK1.1"v/8
T cells. At present, it is unknown why the MHC class I
environment outside thymus does not affect the Ly49 reper-
toire in NK1.1"9/8 T cells. Since large numbers of Ly49C/T+
NKI1.17v/8 T cells were present in athymic BM-transplanted
chimera mice, Ly49C/I* NK1.1*y/8 T cells may be able to
develop outside thymus and escape from intrathymic selection
during their development. We speculate that this escape from
intrathymic selection may partly explain the increase in the
number of NK1.1*v/8 T cells in ATX chimeras. Although the
positively selecting ligand for extrathymic NK1.179/8 T cells
is not clear, it is probable that this subsisted population is
selected properly by its ligand beyond the inhibitory signalling
via Ly49 receptors in the periphery. On the other hand, in the
thymic environment, Ly49 inhibitory receptor signalling might
be strong enough to inhibit the TCR signal for positive
selection of v/8 T cells. We speculate that this selective balance
of positive and negative signalling might be required for
maturation in the thymus and periphery. The MHC class I
environment outside the thymus may induce only slight down-
regulation of the Ly49 receptor expression on NKI1.1%y/§
T cells.

A number of y/3 T cells have been shown to be specific for
Bom-associated molecules such as classical MHC class I, TL,
Qa and CD1 molecules.?”*138 It can be speculated that v/8
T cells recognizing self-B,m-associated molecules preferentially
express Ly49 inhibitory receptors. The inhibitory signal by
Ly49 receptors may inhibit the signaling from /6 TCR and
thereby restrain the cytotoxic activity of the self-reactive /6
T cells against normal cells expressing both MHC class I and
their ligands on its surface. Thus, inhibitory receptors on
v/6 T cells serve to raise the threshold of activation, which
may act as a safeguard against autoreactivity.

In conclusion, our results suggest that reduction of
Ly49C/I" NK1.17y/8 T cells in om™/* mice is at least partly
due to the down-modulation by MHC class I molecules on
BM-derived haematopoietic cells or radioresistant cells in
the thymus.
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