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A
�

bstract. I
�
t is known that the liver is a major hematopoietic organ at fetal stages, but the hematopoiesi

	
s of this

o
 rgan ceases at birth. However, the liver is still found to comprise c-kit+ stem cells and gives rise to extrathymic
T

�
 cells, NK cells, and even granulocytes after birth. Extrathymic T cells generated in the liver�  of mice are

identified as intermediate TCR (TCRi


nt)

�
 cells, which include the NK1.1+� TCRi



nt (i.e. NKT cells) and NK1.1–TCRi



nt

subsets. Although extrathymic T cells are few in number during youth, they increase in number with advancing
a� ge. The number and function of extrathymic T cells are also elevated under conditions of stress, infections,
m� alignancy, pregnancy, autoimmune diseases, chronic GVH diseases, etc. Under these condition� s, the mainstream
o
 f T cell differentiation in the thymus, which produces conventional T cells, is inversely suppressed. Extrathymic
T

�
 cells comprise self-reactive forbidden clones and mediate cytotoxicity against abnormal self-cells. Therefore,

t
�
hey might be beneficial for the elimination of such cells. However, over-activation of extrat

�
hymic T cells might

b
�
e responsible for the onset of certain autoimmune diseases.

K
�
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I
�
ntroduction

W
�

e have been characterizing the nature of extra-
t

�
hymic T cells in the liver of humans and mice3

�
4, 58, 60,

6
�

7, 78, 82. We initiated these studies since we found that
u� nusual T cell populations, such as double-negative (DN)
C

�
D4–8– αβT

�
 cells or CD8+ γδ� T

�
 cells, are abundant in

t
�
he liver of mice2

�
, 55, 56, 69. These T cell populations also

e� xist in the liver of congenitally athymic nude mice3
�
1, 68.

W
�

e speculated that these T cells might be generated
t

�
hrough extrathymic pathways and that the liver might

b
�
e one of the major sites for the extrathymic pathways

o
 f T cell differentiation. We have determined that both
DN αβT cells and CD8+�  γδ� T cells in the liver share
c� ommon properties, including the phenotypes of

I
�
L-2Rβ+, intermediate TCR (TCRint)

�
, NK1.1+ (approxi-

mately 50%), CD44+� , L-selectin–, etc.4
 

, 57, 70. We term
t

�
hem TCRint cells. Based on these criteria, conventional

T
�

 cells (i.e. thymus-derived T cells) are termed TCRh
!
igh

c� ells, carrying the phenotypes of IL-2Rβ–, TCRhigh,
N

"
K1.1–, CD44–, L-selectin+, etc., under resting condi-

t
�
ions.

In parallel with these studies, two series of murine
studies on unusual T cells were ongoing. First, many
i

	
nvestigators observed and characterized DN CD4–8–

αβT cells with or without the expression of NK1.1
a� ntigen. A small number of these cells were found to
b

�
e present in the thymus11, 15, 18, 20, 21, 41, 63, 64, 77, 87, 90

a� nd periphery, e.g. the spleen3
�

6, 45, 65, 66, 72, lymph
nodes24, 30 and bone marrow6

�
2. Subsequently, BENDELAC

Abbreviations used: TCRint cells – intermediate TCR cells, TCRhigh cells – high TCR cells, NKT cells – natural killer T cells, DN
– double-negative, DP – double-positive.
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e� t al.7
$

, 9 reported that some of these T cells express the
N

"
K1.1 antigen and that these NK1.1+ αβT cells, includ-

ing DN and CD4+ αβT cells, recognize non-MHC
g% ene-encoded MHC class I-like molecules, CD1d.
These T cells are termed natural killer T (NKT) cells.
In another series of studies by TANIGUCHI and his col-
l

&
eagues, it was found that some suppressor T cell hy-
b

�
ridomas preferentially use an invariant TCRα chain,

V
'

α14-Jα281, and that such Vα14+ T cells are detected
i

	
n the liver, thymus and other organs3

�
9, 75. They also

d
(
emonstrated that most Vα14+�  T cells, if not all, coin-

c� ide with NKT cells and are extrathymically generated
i

	
n the liver4

 
3.

N
"

KT cells belong to a subset of TCRint cells, i.e.
T

�
CRint cells consist of both NK1.1+ and NK1.1– subsets

a� t a ratio of 1:1, especially in the liver and thymus80, 82.
Moreover, it has been found that TCRi



nt cells (including

N
"

KT cells) are generated extrathymically in the liver
a� nd through an alternative intrathymic pathway18, 73. In
c� ontrast, conventional T cells are generated through the
m� ainstream of T cell differentiation in the thymus. In
l

&
ight of these findings, we further characterize TCRint

c� ells and NKT cells in the liver and other organs in
t

�
erms of their phenotype, morphology, function and de-

v) elopment in this review.

T
*

issue Distribution of TCRi
+
nt Cells and NKT Cells

Two-color staining for CD3 and IL-2Rβ or for CD3
a� nd NK1.1 was conducted to identify TCRint (CD3int)

�

c� ells or NKT cells in mice. NK cells were identified as
IL-2Rβ+C

�
D3–, TCRint cells as IL-2Rβ+C

�
D3int, and con-

v) entional T cells as IL-2Rβ–C
�

D3h
!

igh. Both NK cells and
TCRint cells consistently express IL-2Rβ, while conven-
t

�
ional T cells lack the expression of IL-2Rβ82. It is con-
c� eivable that conventional T cells acquired a resting
form of lymphocytes in phylogeny (i.e. IL-2Rα–β–)

�
.

After antigenic stimulation they begin to express a high
a� ffinity IL-2R (i.e. IL-2Rα+� β+� )

�
. Reflecting this situ-

a� tion, primitive lymphocytes respond more quickly
t

�
han others (NK cells→T

�
CRint cells→T

�
CRhigh cells)5

,
9.

A
-

mong these, however, the magnitude of response is
t

�
he greatest in TCRh

!
igh cells.

The distribution of CD3int cells and NKT cells in
v) arious organs was almost the same, namely, both were
a� bundant in the liver but few in number in other organs.
H

.
owever, the proportion of NKT cells was always

smaller than that of TCRint cells in all tested organs.
C

�
oncerning the fact that NKT cells had a lower density

o
 f TCR-CD3 complex (i.e. TCRint cells), NKT cells are
p/ resent within the population of TCRi



nt cells. The pro-

Fig. 1. Phylogenetic development of lymphocytes of a NK/T cell lineage. TCRint cells comprise IL-2Rβ
0

+NK1.1+ and IL-2Rβ
0

+NK1.1– subsets

82 T. Abo: Extrathymic T Cells



p/ ortion of NKT cells among TCRi


nt cells was >50% in

t
�
he liver and thymus, whereas that of NKT cells among

TCRint cells was approximately 20% in the spleen,
l

&
ymph nodes and bone marrow82.

Characterization of the Phenotype of NK Cells,
TCRint Cells and TCRhigh Cells

A
-

 possible line of the phylogenic development of
lymphocytes of a NK/T cell lineage is represented: NK
c� ells→TCRint cells→TCRhigh cells (Fig. 1). Depending
o
 n the development, lymphocytes acquired a resting
form of morphology and phenotype. According to this
c� hange, well-developed T cells have the morphology of
small resting lymphocytes and acquire a long life-span.
O

1
nce they encounter corresponding antigens, they

u� ndergo cell-division to expand the clones. It is pres-
u� med that this kind of clonal expansion is not accom-
p/ anied by NK cells and is only slightly accompanied
b

�
y TCRint cells.

T
�

he subsets of TCRint cells comprise cells with
a�  distinct phenotype (see the top of Fig. 1). The
IL-2Rβ+N

"
K1.1+ subset (i.e. NKT cells) mainly consists

o
 f DN CD4–8– cells and CD4+�  cells, whereas the

I
�
L-2Rβ+� N

"
K1.1– subset mainly consists of CD8+�  cells3

�
4.

It is speculated that the IL-2Rβ+N
"

K1.1+ subset is
a�  more primitive form than the IL-2Rβ+N

"
K1.1– subset.

I
�
nterestingly, it has been reported that the former sub-

set, namely NKT cells, recognize CD1 molecules (i.e.
a�  non-classical or monomorphic MHC class I-like anti-
g% en)7

$
, 9. On the other hand, the CD8+� I

�
L-2Rβ+� N

"
K1.1–

c� ells among TCRint cells seem to recognize some pep-
t

�
ides together with a polymorphic MHC class I antigen.

I
�
n the case of athymic nude mice, TCRint cells and NKT

c� ells are few in number, although all of them are classi-
fied as TCRint cells3

�
1, 68. Moreover, the majority of both

N
"

KT cells and NK1.1–T
�

CRi


nt cells express the CD8+�

p/ henotype instead of the DN or CD4+ phenotype.

Differentiation of TCRint Cells or NKT Cells
i

2
n the Liver and Thymus

I
�
t is interesting to know how TCRint cells or NKT

c� ells are generated in the bodies of mice. Since all
T cells in congenitally athymic nude mice are TCRi



nt

c� ells, it is obvious that TCRint cells are generated extra-
t

�
hymically3

�
1, 68. In both athymic mice and normal eu-

Fig. 2. Pathways of T cell differentiation in the thymus and liver. The major intrathymic pathway pro3 duces conventional T cells through
a4  stage of DP CD4+8

5 + cells. This pathway eliminates forbidden clones by negative selection. On the other hand, an alternative intrathymic
p6 athway and the extrathymic pathways in the liver (and spleen) produce primitive T cells which c7 ontain forbidden clones due to incomplete
negative selection

T. Abo: Extrathymic T Cells 83



t
�
hymic mice, the major site appears to be the liver (Fig.

2). We have demonstrated that c-kit+
�
 stem cells exist in

t
�
he parenchymal space of the liver and that such stem

c� ells give rise to extrathymic T cells, forming clusters
o
 f many lymphoid cells5

,
4, 83. These c-kit+

�
 cells have the

p/ otential to give rise not only to lymphoid cells, but
a� lso to other hematopoietic cells such as granulocytes
a� nd erythrocytes83, 88. Extrathymic T cells and granulo-
c� ytes, but not erythrocytes, are generated in the paren-
c� hymal space of the liver and then migrate to the sinu-
soidal lumen after maturation7

$
8, 89. IL-7 functions as

a�  cytokine for the initial maturation of extrathymic
T

�
 cells48, but IL-12, IL-15 and IL-18 may function as

c� ytokines for the functional maturation6
�
, 23, 26.

TCRint cells or NKT cells are also generated
t

�
hrough an alternative intrathymic pathway (Fig. 2 top).
A

-
lthough a few TCRi



nt cells and NKT cells are scat-

lered throughout the cortex region, the majority of these
T

�
 cells exists in the medullary region3

�
8. On the other

hand, the mainstream of T cell differentiation for the
g% eneration of conventional T cells occurs in the cortex
r� egion. Similar to the case of extrathymic T cells in the
liver, TCRint cells and NKT cells in the thymus are
g% enerated into three subsets, i.e. DN CD4–8–, CD4+ and
C

�
D8+, without passing through a double-positive (DP)

C
�

D4+� 8+�  stage4
 

4. Since TCRh
!
igh cells and NKT cells are

g% enerated without passing through a DP CD4+8+ stage,

t
�
heir negative selection for the elimination of forbidden

c� lones is always incomplete, as determined in the Mls
system49, 51, 60. To detect the forbidden clones in the Mls
system, we have to use mice other than C57BL/6 (B6)
mice or (B6×o
 ther strains) F1 mice.

The alternative pathway of T cell differentiation in
t

�
he thymus is minor in youth. However, this pathway

b
�
ecomes prominent when the hosts recover from acute

t
�
hymic atrophy (Fig. 3). DN CD4–8– TCR– cells

b
�
ecome CD4lowT

�
CRint cells or DN TCRint cells44. More

importantly, these TCRi


nt cells generated through the

a� lternative pathway contain self-reactivity. In these ex-
p/ eriments, we induced acute thymic atrophy by irradi-
a� tion (6.5 Gy) or by the administration of hydrocorti-
sone (10 mg/mouse). In addition of these conditions, it
i

	
s speculated that some microbial infections or physical

(or mental) stress could induce acute thymic atrophy.
W

�
e propose the possibility that the generation of self-

-reactive TCRi


nt cells might be intimately associated

w8 ith the onset of autoimmune diseases. The pro-
m� inence of TCRint cells during recovery from thymic
a� trophy is due to the recovery of the TCRint cells, which
is quicker than that of conventional TCRh

!
igh cells. It

should be emphasized that there was no leakage of for-
b

�
idden clones into conventional T cells at this time4

 
4, 49, 51.

Irrespective of NK1.1+TCRint cells or NK1.1–TCRint

c� ells, the association of these primordial T cells should
b

�
e concerned with the mechanism underlying autoim-

mune diseases.

Independent Generation of Extrathymic T Cells
i

2
n Various Sites

TCRi


nt cells or NKT cells are also generated extra-

t
�
hymically in the spleen (possibly the red pulp region)

(Fig. 2). The extrathymic pathways for the generation
o
 f TCRint cells and NKT cells occur at multiple sites in
t

�
he body3

�
4. Such sites include the uterus27, 28, 40, 42, small

intestine16, 17, 19, 25, 52, and exocrine glands such as the
salivary glands7

$
4 and lacrimal glands. In the small in-

t
�
estine, CD8αβ γδ� T cells and DP CD4+8+ αβT cells are

u� niquely present. All of these extrathymic T cells lack
t

�
he expression of NK1.1 antigen. In certain phylogenic

p/ eriods, extrathymic T cells in the liver and small in-
t

�
estine develop in a similar way, but then develop in-
d

(
ependently. In the case of the appendix, an unusual

p/ opulation of T cells (i.e. B220+T cells) seen in auto-
i

	
mmune MRL-l

9
pr/

:
l

9
pr mice are present88. This T cell

p/ opulation might also be extrathymic T cells.
A

-
 final question in this section is how c-kit+ stem

c� ells are supplied to the liver. To answer this question,

Fig. 3. Schema for the major pathway (mainstream) and alternative
p6 athway of T cell differentiation in the thymus. The thymus com-
p6 rises both the major pathway (the mainstream) and an alternative
p6 athway of T cell differentiation: the alternative pathway becomes
rather prominent when mice are recovering from acute thymic
a4 trophy

84 T. Abo: Extrathymic T Cells



w8 e prepared B6.Ly5.1 and B6.Ly5.2 strains of para-
b

�
iotic mice7

$
1, 74, 76. By gated analysis in immunofluo-

rescence tests, we found that TCRint cells and NKT
c� ells in the liver showed a low mixture of partner cells
a� fter parabiosis. On the other hand, conventional
T cells in all peripheral immune organs (e.g. the spleen
a� nd lymph nodes) became a half-and-half mixture of
a�  mouse’s own cells and his partner’s cells by 14 days
a� fter parabiosis. This is due to the fact that conventional
T

�
 cells in the spleen and lymph nodes come from an-

o
 ther site, the thymus. If c-kit+
�
 stem cells in the liver

a� re consistently supplied from the bone marrow, TCRint

c� ells and NKT cells should have mixed well with part-
ner cells. However, this was not the case. It is con-
c� luded that c-kit+ stem cells in the liver are not supplied
f

;
rom the bone marrow under normal conditions after

b
�
irth. Of course, if c-kit+

�
 stem cells are impaired in the

liver (e.g. by irradiation), such stem cells are efficiently
r� eplaced by those of the bone marrow7

$
1.

A similar low mixture of partner cells was seen
e� ven in the thymus7

$
6. In other words, c-kit+ stem cells

i
	
n the thymus are not consistently supplied from the

b
�
one marrow after birth. It is speculated that such stem

c� ells existing in the thymus might home to the thymus
a� t fetal stages as well.

P
<

hylogeny of the Immune System

The concept of extrathymic T cells has given us
a�  clearer picture of how the immune system was de-
v) eloped (Fig. 4). The fundamental host defense system
i

	
n underdeveloped living creatures might have con-

sisted only of macrophages. However, some groups of
macrophages developed into lymphoid cells which lost
t

�
heir phagocytic function but acquired an immune sys-

t
�
em by use of some adhesion molecules (e.g. the im-
munoglobulin gene superfamily). Such sites for the de-
v) elopment of the immune system might be the digestive
t

�
ract (or intestine) and the ectoderm. Indeed, the upper

p/ ortion in the digestive tract gave rise to the protothy-
mus (i.e. the gills and lymphoid cells under the gills),
w8 hereas the lower portion in the digestive tract gave
rise to the intestinal immune system. Since the liver
d

(
eveloped from the intestine, both the liver and intes-

t
�
ine became the sites for the presence of primitive lym-

p/ hocytes such as NK cells and extrathymic T cells. In
t

�
he case of extrathymic T cells in the small intestine,
a� lmost all T cells at this site lost a NK marker, NK1.1:
N

"
KT cells are absent in the small intestine of mice.

M
=

orover, they acquired a high density of TCR
(TCRh

!
igh)

�
 and, if not completely, acquired the DP

C
�

D4+� 8+�  phenotype in the case of αβT
�

 cells16, 17, 19, 25, 52.
This unique development of T cells which occurred in
t

�
he intestine might be due to the high frequency of

a� ntigenic stimulation at this site. On the other hand,
e� xtrathymic T cells in the liver and even in the large
i

	
ntestine still comprise T cells with the NK marker (i.e.

N
"

KT cells)5
,

7: these organs still carry a less-developed
subset of extrathymic T cells.

I
�
n the case of the protothymus, the gill holes (i.e.

t
�
he ectodermal cleft) combined with the gills when liv-

ing creatures went onto land. Therefore, the intact thy-
m� us always consists of ectodermal tissues3

�
. Such sites

a� re the capsule and medulla of the thymus. These ec-
t

�
odermal tissues are extremely important for negative

selection to eliminate self-reactive clones. This schema
(Fig. 4) also explains the reason why the medullary
region comprises an alternative intrathymic pathway
f

;
or T cell differentiation: the medulla, which is derived

from the ectoderm, still contains the ancient extra-
t

�
hymic pathway of ectodermal (skin) origin. Even in

m� ice and humans, many extrathymic T cells are present
u� nder the skin. If there is a genetic abnormality of the
skin, the formation of the thymus itself is also impaired,
a� s shown in congenitally athymic nude mice.

Fig. 4. Diagram of how the immune organs developed in phyloge-
ny. The primary immune system might have developed in the di-
gestive tract and the ectoderm. Subsequently, the immune system
was distributed to the liver, which originated from the intestine. The
thymus originated from a combination of the gills with the ectoder-
mal cleft

T. Abo: Extrathymic T Cells 85



A
�

ntigen Recognition 
b

>
y NK Cells and NKT Cells

I
�
t is known that NK cells mainly recognize MHC

a� ntigen-losing self-cells (e.g. malignant tumor cells)
w8 hile NKT cells recognize some self-antigens in the
c� ontext with monomorphic MHC class I (-like) anti-
g% ens. These monomorphic MHC class I (-like) antigens
include a non-MHC-encoded MHC class I-like mole-
c� ule, CD1d, and a MHC-encoded MHC class I antigen,
T lymphocytes8, 33, 84. On the other hand, human mon-
o
 morphic MHC class I (-like) antigens include CD1
a� ntigens (including CD1a, CD1b, CD1c, and CD1d)
a� nd non-classical HLA class I antigens (including
H

.
LA-E, -F, and –G). There is another subset, NK1.1–

T
�

CRint, among TCRint cells82. This subset seems to rec-
o
 gnize some self-antigens in the context of both mon-
o
 morphic and polymorphic MHC class I antigens.
D

?
etails of the function of these NK1.1–T

�
CRi



nt cells re-

main to be further investigated.
I

�
n the case of humans, CD56+T

�
 cells may corre-

spond to NK1.1+T
�

CRint cells, while CD57+T
�

 cells may
c� orrespond to NK1.1–TCRi



nt cells5

,
3, 60, 78. This notion is

b
�
ased on their cytotoxic function and cell distribution,

e� .g. CD56+� T
�

 cells have potent cytotoxicity, and in the
fact that CD56+T cells are mainly generated in the liver,
b

�
ut CD57+T

�
 cells are mainly generated in the bone

marrow. When patients with leukemia receive bone
marrow transplantation after chemotherapy, newly re-
c� overed T cells are known to be CD57+T cells22, 29, 32.
A

-
ll of these T cells with NK markers in mice and hu-

mans have the morphology of granular lymphocytes47, 82.
W

�
hen NK1.1+T

�
CRint cells (NKT cells) recognize

some self-antigens, almost all of the antigen presenting
c� ells seem to use the CD1d molecule7

$
, 9. In this case,

o
 ne such antigen is a glycolipid, α-galactosylceramide
(α-GalCer)10, 12. The CD1d molecule presents not only
a� ntigens such as α-GalCer, but also some peptide anti-
g% ens to NKT cells7

$
9. It is reported that the CD1d mole-

c� ule interacts with NK cell inhibitory receptors (NKIR
o
 r Ly-49A) and presents suppressive signals of the cy-
t

�
otoxic function to NK cells13. In addition to a cross

r� elationship between NKT cells and the CD1d mole-
c� ule, almost all of these NKT cells use an invariant
c� hain of Vα14Jα2

@
81 for TCRαβ3

�
9, 43, 75. However,

some NK– T cells using non-Vα14Jα281 chains have
b

�
een found to recognize some self-antigens in the con-

t
�
ext of the CD1d molecule14.

R
A

eciprocal Change of the Differentiation
in TCRint Cells and TCRhigh Cells

T
�

he number of TCRint cells and NKT cells is ex-
t

�
remely low in the liver and other organs at birth3

�
1.

These lymphocytes become detectable in the liver and
t

�
hymus approximately 4 weeks after birth in mice.
Thereafter, the number and proportion of TCRint cells
a� nd NKT cells increase with advancing age, especially
i

	
n parallel with thymic involution80. In other words, the

e� xtrathymic pathway of T cell differentiation in the
liver and an alternative intrathymic pathway of T cell
d

(
ifferentiation appear to be inversely regulated in com-

p/ arison with the mainstream of T cell differentiation in
t

�
he thymus. More importantly, this is not only the case

i
	
n aging, but also in the cases of infections1, 2, 59,

stress5
,

0, 81, pregnancy3
�

7, 46, malignancy3
�

5, chronic GVH
d

(
iseases6

�
1, 85, 86, etc. Even in youth, these conditions

i
	
nduce acute thymic atrophy and simultaneously

a� ugment the differentiation of TCRint cells in the liver
a� nd thymus. It is conceivable that this switching of the
i

	
mmune system might be important in overcoming the

a� bove-mentioned emergencies in hosts, in that the
a� utoreactive cytotoxicity mediated by TCRint cells and
N

"
KT cells might be essential for the elimination of

a� bnormal self-cells which are generated under the con-
d

(
itions of emergency. However, if these responses are

c� ontinued for too long or are too strong, the generation
o
 f TCRi



nt cells or NKT cells might be over-activated.

Since these primordial T cells always comprise self-re-
a� ctive forbidden clones and mediate self-reactive cyto-
t

�
oxicity3

�
4, 51, 82, such hosts are in danger of falling vic-

t
�
im to autoimmune diseases5

,
, 85. We have to emphasize

t
�
hat, even under these immunosuppressive conditions,

t
�
here is no leakage of forbidden clones into conven-

t
�
ional T cells (i.e. TCRhigh cells) in the thymus and pe-
r� iphery4

 
4, 49, 51. In other words, the autoreactive respon-

ses might be events mediated only by TCRint cells, including
t

�
heir subsets of NK1.1+T

�
CRint cells and NK1.1–T

�
CRint

c� ells.
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