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Abstract

T cell receptor (TcR)v$ cells are known to be a minor popula-
tion of T lymphocytes in the blood (< 10%) and other periph-
eral lymphoid organs in healthy donors. We demonstrated here
that a large proportion of TcRv3 cells, i.e., up to 30% of mono-

"nuclear cells (MNC) were detectable in the liver, but not other
lymphoid organs of cancer patients. More importantly, the
majority of such TcRys cells (> 70%) were shown to be lym-
phoblastic by electron microscopy. An activation marker of T
lymphocytes, Leu-19 (CD56) was also highly expressed on the
hepatic TcRvé cells. The possibility of hepatic TcRvyé cells
being activated was further examined in mice. C3H/He mice
injected with syngeneic tumor cells were demonstrated to have
an increased number of liver MNC; such MNC showed an
ability to proliferate in vitro. These mice eventually had a con-
siderable proportion of TcRv$ cells in the liver, showing acti-
vation markers, the Ia and LFA-1 antigens. These results sug-
gest that the liver may be an important organ for activation and
probably expansion of TcR+$ cells especially in tumor bearing
hosts. (J. Clin. Invest. 1990. 86:409-415.) Key words: TcR~é
cells ¢ liver « cancer

Introduction

A large population of T lymphocytes in the immune organs of
humans and mice are T cell receptor (TcR)aB' cells, whereas a
relatively small population are TcR+é cells (1-6). A consider-
able proportion of these TcRvé cells have a double negative
(DN) phenotype of CD2*3*478~ and appear early in thymic
ontogeny (7, 8). It is established that TcR+$ cells are a separate
lineage from TcRap cells (9, 10). Although TcR«yé cells be-
come a minority in the thymus at birth (11-13), a significant
number of TcRv4é cells still exist after birth in the peripheral
blood, intestines, skin, and lungs (14-19). In terms of the
uniqueness of tissue distribution, structure of TcR gene prod-
ucts and cytotoxic function, they are considered to recognize a
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different set of antigens and have distinct functions from those
of TcRap cells.

In studying tissue localization of human TcR+4é cells, we
observed that nonparenchymal mononuclear cells (MNC) of
the liver obtained from cancer patients consisted of a consider-
ably larger proportion of TcRy$ cells compared with those
from the other lymphoid organs (i.e., the blood, spleen, lymph
nodes, tonsils, bone marrow, and thymus). Moreover, such
hepatic TcRv4é cells, localized in the hepatic sinusoids, were
lymphoblastic in morphological appearance in these cancer
patients. It is, therefore, conceivable that TcR+yé cells may be
in an activated state in the liver of cancer patients. In the
present study, we investigated the possibility of TcRyé cells
being activated in the hepatic sinusoids of tumor-bearing hosts
in both human and murine systems. Although it is well estab-
lished that the liver is a major hematopoietic organ in the fetal
period (20), the present results have evidenced that the liver
may still be an important organ for the activation of TcRyé
cells after birth.

Methods

Cell preparations. MNC were isolated from small pieces of the liver
and spleen in autopsy cases. The cases included patients (age 50-75 d)
with gastric, intestinal, or pulmonary cancers who had no apparent
hepatic metastasis. Also they had not been exposed to any intensive
chemotherapies for at least 1 mo before death (n = 8). The other
age-matched control patients included those who had died of cardiac
attack or apoplexy (n = 8). To purify MNC, the pieces of liver were cut
into tiny pieces with scissors, pressed on a 100-gauge steel mesh, and
overlaid on a Ficoll-Isopaque gradient (1.077) column, as shown pre-
viously (21). This gradient centrifugation method yielded hepatic
MNC without significant contamination of Kupffer cells (< 4%). The
cell yields of hepatic MNC by the method applied here were ~ 20%
(21). Splenic MNC were purified by the Ficoll-Isopaque method (22).
Blood MNC for control studies were also isolated from heparinized
blood of healthy adult donors (23).

Immunofluorescence tests. The phenotype of lymphocytes was an-
alyzed by the immunofluorescence tests using MAbs (23). The MAbs
used were FITC- or phycoerythrin (PE)-conjugated aliquots of anti-
TcR-1 (specific for a a/B8 chain framework determinant) (24) and anti-
TcRé1 (specific for a 6 chain framework determinant and representing
a pan-TcR+vyé marker) (25), and anti-CD16 (Leu-11) and anti-CD56
(Leu-19) antibodies (Becton Dickinson & Co., Mountain View, CA
and T cell Science Inc., Cambridge, MA). The fluorescence positive
cells were enumerated by a FACScan analyzer (Becton Dickinson &
Co.) (23).

Electron microscopy after immunostaining. MNC were fixed in 4%
paraformaldehyde in a cacodylate buffer (pH 7.2) by microwave irra-
diation (26). They were embedded in optimal cutting temperature
compound. Frozen sections were cut and incubated with anti-TcRé1
antibody (T cell Science Inc.) and left overnight. After washing in PBS,
the sections were stained with streptavidin-biotin-complex-peroxidase
method and were reacted with 3,3'-diaminobenzidine. After postfixa-
tion with osmium tetroxide, these specimens were embedded in Epon
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812-filled gelatin capsules. Then the ultrathin sections were stained
with lead citrate.

Mice and tumor. Male C3H/He mice were obtained from the Insti-
tute of Experimental Animals, Tohoku University School of Medicine,
and used at 6-8 wk of age. A syngeneic MH 134 hepatoma cell line and
a FM3A/R mammary carcinoma cell line were cultured in this labora-
tory (27). 10 million MH134 or FM3A/R cells were subcutaneously
injected and the mice were killed to examine immunoparameters 3 d
after the injection. MNC were isolated from the liver and spleen by the
same method as used with humans, using Ficoll-Isopaque gradient
(1.090 for mouse) centrifugation. The liver was obtained after perfu-
sion with 10 ml of PBS (21).

DNA synthesis assay. To test the proliferation of MNC, [*H]thy-
midine incorporation was analyzed as described previously (21). The
cell culture was performed in a medium supplemented with 1% heat-
inactivated mouse sera and 5 X 10~°M mercaptoethanol. MNC (2.5
X 10%/ml) were cultured for 18 h with 0.5 uCi of [*H]thymidine in a
96-well flat-bottomed plastic microculture plate (0.2 ml/well) (Falcon
Labware, Oxnard, CA). Data expressed the mean cpm and 1 SD of
triplicate cultures.

Immunofluorescence tests for murine study. The phenotype of mu-
rine MNC was analyzed by immunofluorescence tests using MAbs
(21). The MADs used here included biotin-conjugated aliquots of anti-
Thyl and anti-CD3 antibodies, and FITC- or PE-conjugated aliquots of
anti-CD4 (L3T4) and anti-CD8 (Lyt2) antibodies (Becton Dickinson
& Co.). The biotin-conjugated reagents were developed with PE-con-
jugated avidin. FITC-conjugated aliquots of anti-Ia and anti-LFA-1
MADbs were kindly provided by Dr. K. Nishimura at Tokai University
(Isehara, Japan) (28). Unconjugated hamster anti-TcRvé (3A10) MAb
was kindly provided by Dr. S. Tonegawa at the Massachusetts Institute
of Technology (Cambridge, MA) (29) and developed with PE-conju-
gated anti-hamster Ig. Polyclonal rabbit anti-asialo GM, antibody was
developed with FITC-conjugated anti-rabbit Ig.

Resuits

Increased proportion of TcRvé cells in the liver of cancer pa-
tients. The surface phenotype of MNC isolated from the liver
and spleen in eight cancer and eight noncancer patients was
analyzed by the immunofluorescence tests (Fig. 1). TcRvyé
cells were identified by the MAb, TcRé1, whereas TcRaf cells
were identified by the MAb, WT31. Natural killer (NK) cells
were detected by the MAbs, Leu-19 (anti-CD56) and Leu-11
(anti-CD16). It was shown that liver MNC consisted of larger
proportions of TcRvyd, TcRaB, and NK cells than did spleen
MNC. This was due to the enrichment of surface Ig*B cells in
the spleen (30). Interestingly, further increased proportions of
TcRvyd and NK cells were demonstrated in the liver of cancer
patients, especially, where the percentages of TcRvy4é cells were
18.5+12.0. Such high levels of TcR+yé cells have never been
seen in any of the lymphoid organs, including peripheral
blood, lymph nodes, and tonsils in either cancer or noncancer
patients (unpublished observation). As suggested from the
great variation in proportions of TcRv4 cells in cancer patients
(Fig. 1), three out of eight cancer patients did not show such
increased proportions of TcR+y$ cells (< 5%).

NK cells identified by the MAbs, both Leu-19 and Leu-11,
were increased in the cancer patients. However, there was a
considerable discrepancy between the percentages of Leu-19*
and Leu-11% cells. The Leu-19 antigens were known to be
expressed on the activated T lymphocytes (31). We therefore
examined whether the TcRvyé cells coexpressed the Leu-19
antigens on the cell surface by two-color immunofluorescence
analysis (Fig. 2). The MNC of the liver, spleen, and lymph
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Figure 1. Phenotype of MNC in the liver and spleen of cancer pa-
tients and noncancer patients. The surface phenotype of MNC iso-
lated from the liver (4) and spleen (B) in eight cancer patients (2)
and eight noncancer patients ((J) were analyzed by the immunofluo-
rescence test using MAbs, TcRé1 (TcRwyé cells), Leu-19 (NK and ac-
tivated T cells), Leu-11 (NK cells), and WT31 (TcRag cells).

nodes were obtained from a cancer patient with intestinal ma-
lignancy, whereas the MNC of blood were from a healthy
donor. It is interesting that more than 70% of hepatic TcRvyé
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Figure 2. A comparison of the Leu-19 antigen coexpression on
TcR«$ cells of various lymphoid organs. The MNC of liver, spleen,
and lymph nodes were obtained from a cancer patient with intestinal
malignancy, whereas the blood MNC were obtained from a healthy
donor. All MNC were stained by the FITC-conjugated Leu-19 and
the PE-conjugated TcR81 MAbs and analyzed by the FACScan ana-
lyzer. A gate was set to TcR+yé cells in two-color flow cytometry and
the Leu-19 antigen expression within this gate was obtained as the
figures represent.
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Figure 3. Morphology of TcRy4 cells (X8,500). The morphology of TcRv4 cells in the peripheral blood and liver of cancer and noncancer pa-
tients was analyzed by electron microscopy after immunostaining with TcR31 MAb. Representative features of the positive cells (showing a
dense staining on the cell surface) in the blood of a normal donor (4) and the liver of a cancer patient (B), are represented.
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cells expressed the Leu-19 antigens with TcR«yé cells of blood
and lymph nodes expressed only at low levels (< 20%) of the
Leu-19 antigens. The value of TcR«vyé cells in the spleen
seemed to be intermediate. We have since then examined
whether TcR«$ cells, in the blood of cancer patients with in-
testinal malignancy, expressed the Leu-19 antigens by two-
color immunofluorescence tests highly. However, the coex-
pression level (< 30%) of Leu-19 antigens on the TcR«4 cells
in the blood was not as high as that on the hepatic TcR+yé cells
(data not shown).

Morphological study of TcRvé cells. The morphological
appearance was then investigated in TcRvé cells derived from
the peripheral blood, spleen, and liver (Fig. 3). In each organ,
small resting TcRvy4 cells and large lymphoblastic TcRvy4é cells
were demonstrated in both cancer and noncancer patients.
However, almost all TcRv4d cells (> 90%) in the peripheral
blood and spleen of both cancer and noncancer patients were
small resting lymphocytes (Fig. 3 4), whereas a high number of
TcRyé cells in the liver of cancer (> 70%) and noncancer pa-
tients (~ 30%) were large lymphoblasts (Fig. 3 B). The hepatic
TcR«4 cells adhered to the endothelial cells in the sinusoids. It
seems that TcR+vyé cells, in the liver, are’in an activated state,
especially in cancer patients.

Increased number and DNA synthesis of liver MNC in
tumor bearing mice. We extended the experiment to murine
study in order to further clarify the unique existence of acti-
vated TcR«vé cells in the liver. Here, C3H/He mice injected
subcutaneously with 1 X 107 syngeneic tumor cells, MH134,
or FM3A/R, were used as a murine model of tumor-bearing
hosts. MNC derived from the liver, spleen, blood, and lymph
nodes were examined on the cell yield and the spontaneous
proliferation in vitro (Table I). The increased number and
DNA synthesis of lymphocytes in the liver and spleen were
shown in the mice bearing tumor cells (3 d after the injection).
It is of note that the liver MNC derived from the mice bearing
tumors had the highest DNA synthesis in an 18-h in vitro
culture.

Table I. Increased Number and DNA Synthesis of Lymphocytes
in the Liver of Mice Injected with Tumor Cells

Stimulation DNA synthesis/

Organs with tumors Number of cells* 5 X 10° cellst
x10° cpm=SD

Liver — 0.60.1 913+137

MH134 2.240.3 8,399+810

FM3A/R 2.1+0.4 7,962+670
Spleen — 19.2+4.9 1,199+84

MH134 31.8+6.3 4,129+209

FM3A/R 30.6+5.8 5,042+462
Blood — 1.0+0.1 288+61
FM3A/R 1.1+£0.2 1,051+78
Lymph nodes — 3.0+0.6 24662
FM3A/R 3.5+£0.7 725427

* Number of cells in the liver and spleen shows the mean+1 SD
from four mice. The values of blood are the number of MNC ob-
tained from 1 ml of heparinized peripheral blood, whereas those of
lymph nodes are the number of lymphocytes of a lymph node ob-
tained from the lateral abdominal wall.

# DNA synthesis represents the mean cpm=1 SD of triplicate cul-
tures of 5 X 10° pooled cells derived from four mice.

Expansion of TcRvé cells in the liver. Phenotypic analysis
was then performed using the immunofluorescence tests on
these mice (Table II). Of particular interest, a significant pro-
portion of TcR+é cells were induced in only the liver of mice
injected with tumors. Such cells were at an undetectable level
in the spleen, blood, and lymph nodes. A considerable pro-
portion of TcRv$ cells (> 70%) in the liver were CD4~8 (data
not shown). TcRy4 cells were a minority in the liver of normal
mice, and were at undetectable levels in the spleen, irrespective
of the injection of tumors. Here, the vast majority of asialo-
GM{ (bright) NK cells were shown to be Thyl~ or Thyl* (dull),
whereas almost all TcRyé cells were asialoGM{ (dull) as
shown by the two-color immunofluorescence test ([21] and
our unpublished observation).

We then investigated whether murine TcRv4§ cells in the
liver also coexpressed the lymphocyte-activation markers, as
in the case of humans. Here, the activation markers, Ia and
LFA-1, on the hepatic TcRv#é cells in mice injected with or
without tumor cells were examined by two-color immunofluo-
rescence tests (Fig. 4). Although the Ia expression on TcR+vyé
cells were originally 9% in the control mice, 25% of the hepatic
TcRy4é cells in mice injected with FM3A/R acquired the Ia
antigens (Fig. 4 A). Similarly, the increased expression was
observed on the LFA-1 antigens (Fig. 4 B). The hepatic TcR«yé
cells in the mice injected with FM3A/R expressed the LFA-1
antigens at a greater level of intensity than those in the control
mice.

Discussion

In this study using both human and murine materials, we
demonstrated that the liver was the most predominant site of
TcR«4é cells existing in the living body. Moreover, as the he-
patic TcRv4 cells were lymphoblastic especially in cancer pa-
tients, it raised the possibility that TcR+yé cells might be acti-

Table I1. Expansion of TcRvd Cells in the Liver of Mice Injected
with Tumor Cells

% Positive cells

Stimulation
Organs with tumors  Thyl CD3 CD4 + 8* asialoGM, TcRyd
Liver — 3.1 29.0 24.5 254 4.2
MH134 60.2 452 29.6 38.3 13.4
FM3A/R 59.6 4438 30.2 38.4 12.8
Spleen — 32.1 394 39.8 11.1 0
MH134 79 109 10.7 16.6 0
FM3A/R 132 146 14.5 15.9 ND
Blood — 742 ND 74.8 20.4 0.6
FM3A/R 441 ND 43.9 18.2 0.4
Lymph — 90.6 ND 92.6 6.7 0
nodes FM3A/R 934 ND 93.1 9.7 0

* The MNC or lymphocytes of each organ were obtained as de-
scribed in Table I and the pooled cells from four mice were analyzed
by immunofluorescence tests.

Data represent the mean percent fluorescence positive cells from four
mice. Here, the mean proportion and 1 SD of TcRy$ cells in the
liver of control mice and mice injected with MH134 and FM3A/R
were 4.2+1.3, 13.4+1.0, and 12.8+1.3%, respectively. The mean dif-
ferences were significant (P < 0.01) between control mice and mice
injected with both tumor cells, when analyzed with a ¢ test.
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Relative cell number

Figure 4. The increased expression of the Ia
(4) and LFA-1 (B) antigens on hepatic TcRyd
cells in mice injected with tumor cells. The
MNC of the liver in mice injected with (—) or
without (---) 1 X 10 FM3A/R tumor cells
were stained with FITC conjugated aliquots of
anti-Ia and anti-LFA-1 murine MAbs, and a
combination of PE-conjugated anti-hamster
Ig and 3A10 MAD (hamster Ig). A gate was set
to TcRy4 cells in two-color flow cytometry

Fluorescence intensity (Logio)

vated, and probably increased in number (from a murine
study) in the liver. The increased proportion of Leu-19*
(CD56) cells and the coexpression of Leu-19 antigens on
TcR+yé cells also supported this possibility. Thus, it can be said
that the activated T lymphocytes acquired the Leu-19 antigens
on their surface (31). Similarly, the activation markers of lym-
phocytes, Ia and LFA-1 antigens (28, 32), were also highly
expressed on the hepatic TcRyé cells in mice injected with
tumor cells. The present results have evidenced, for the first
time, that the liver is an important immune organ not only as
the hematopoietic site at the fetal periods (20) but also as the
site for the activation of TcR+y4 cells after birth.

In the morphological study of humans, it was also demon-
strated that TcRvy4é cells existed in the hepatic sinusoids where
they adhered to the sinusoidal endothelial cells. The adhesion
of TcR#é cells to the endothelial cells might be firm, since the
hepatic TcRvyd cells were not eliminated by the perfusion of
liver with PBS as shown in murine experiments. Such unique
localization of TcRvé cells (i.e., the adhesion to endothelial
cells) was reported in the splenic sinusoids of humans and
chickens (33-35). In this regard, we have recently observed
that TcR+é cells, of blood MNC, proliferated preferentially in
vitro in a medium supplemented with high amounts of autolo-
gous serum (e.g., 20-50%). Here, the stimuli for TcRv4 cells
were either heat-killed bacteria or mitomycin-treated tumor
cell lines. On the other hand, the proliferation of TcRag cells
induced by lectins was completely inhibited in the medium
with such a high amount of serum (Seki, S. and T. Abo, man-
uscript in preparation). It is presumed that the activation and
proliferation of TcR+4é cells occurred in vivo in serum-rich
areas such as the sinusoids in the liver and spleen. Morphologi-
cal study revealed that TcRvé cells in the liver had few elec-
tron-dense granules, despite their lymphoblastic appearance
(see Fig. 3 B). In contrast, it is well established that NK cells in
the liver (i.e., pit cells) have a number of electron-dense gran-
ules in the cytoplasm (36, 37).

It is also well established that TcR+vé cells are widely dis-
tributed in various tissues, blood, intestines, skin, and lungs
(14-19). It is still a matter of debate whether such TcR«4 cells
originate from a small population of TcR+v4d cells in the
thymus, or if they generate by an absolutely extrathymic dif-
ferentiation. In a recent study, we demonstrated that the liver
is also a possible site for the proliferation of abnormal TcRaB8
CD3%478~ DN lymphocytes in autoimmune MRL-1pr/1pr
mice (38). These abnormal DN cells constitute the prominent
lymphadenopathy and are considered to be responsible for the

and the Ia and LFA-1 antigen expressions
within this gate were obtained as the figures
represent.

autoimmunity in these mice, probably due to their autoreac-
tive cytotoxicity. As the hepatic TcRvyé cells of humans and
mice in the present study were DN lymphocytes, it is conceiv-
able that in certain circumstances both TcRaf and TcRyé DN
lymphocytes can expand in the liver. Indeed, it is known that
some TcRvyé DN cells are characterized by autoreactive cyto-
toxicity (39, 40). If we postulate that hepatic TcRyé DN cells
as well as TcRaB DN cells expand by extrathymic differentia-
tion, it is easy to consider that such DN cells may have such
autoreactivity because of their escape from thymic education.
The possibility of extrathymic maturation of TcRaf and
TcR#yé cells has been intensively proposed in recent studies
(41-44). If either hypothesis (i.e., the intrathymic vs. extrathy-
mic generation of TcRvyé cells) is true, there is the possibility
that a predominant site for the proliferation of TcRy4 cells in
vivo may be the liver.

In this regard, it is of note that human TcR+é cells consist
of nonoverlapping populations with either Cyl-encoded or
C~2-encoded 6 heterodimer (45). The usage of MAbs re-
vealed that such populations were identified by the MAbs BB3
(or anti-TiyA) and 6TCS-1, respectively (46). Thus, the BB3
(or anti-TiyA) MAD reacted with the gene product of Vé2 (or
V~9), which was preferentially clustered with Cy1, whereas
the 6TCS-1 reacted with that of Vé1 which was clustered with
C~2. It is known that TcRvé cells in the thymus expressed
C~2 and the predominant population of TcR+é cells in the
peripheral blood expressed Cvy1 (45). In the most recent study,
we demonstrated that more than 70% of TcR+yéd cells in the
liver of cancer patients (n = 3) are BB3* (peripheral type), but
not TCS-1* (Seki, S., and T. Abo, unpublished observation).
On the other hand, the usage of gene segments in v hetero-
dimer of hepatic TcR+4é cells were under investigation in the
mice injected with syngeneic tumor cells, by using the poly-
merase chain reaction method and the Southern blot analysis.

We previously established that MNC could be isolated
from the liver of mice after perfusion with PBS from the portal
vein, in conjunction with the Ficoll-Isopaque gradient centrif-
ugation (21). The isolated MNC mainly consists of T lympho-
cytes and NK cells but only a small proportion of Kupffer cells
(< 4%). Interestingly, the decreased cell yield was only 10% by
the perfusion, and the contents of lymphocyte constitution
was not changed greatly (21). We could also observe a unique
distribution pattern of lymphocytes in the human liver with-
out perfusion. On the other hand, the results in mice repre-
sented were produced after perfusion.

In previous studies of humans and mice, TcR+v4 cells were
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induced in vitro by the stimulation of allogeneic or syngeneic
tumor cells (47, 48). Such cells, and the cell lines cultured in
the presence of IL-2, had nonspecific NK-like cytotoxicity.
The present results revealed that TcR+vé cells were also induc-
ible in vivo by the stimulation of tumor cells, especially in the
liver. Although it is well established that NK cells are the first
line of defense of tumor surveillance (30, 31), it raises the
possibility that TcRvyé cells may act as the second line of de-
fense for the suppression of tumor growth, since TcR+4 cells in
the liver appear in cancer patients or in mice injected with
tumor cells. Whether such hepatic TcR+é cells migrate to the
tumor-filtrating sites remains to be investigated. However,
TcRyé cells can eventually be identified in the tumor-infil-
trating lymphocytes of cancer patients with malignant mela-
noma and renal cell carcinoma (Seki, S., and T. Abo, unpub-
lished observation). It is, therefore, conceivable that the pres-
ent results may include important evidence not only as to the
liver function as an immune system but also for cancer immu-
nology.
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