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Murine lymph node-derived stromal cells effectively support survival but induce
no activation/proliferation of peripheral resting T cells in vitro

YAN-WEN ZHOU,* SAYOKO ARITAKE,* AGUSTINA TRI ENDHARTL* JIANGHONG WU,* AKEMI HAYAKAWA,}
IZUMI NAKASHIMA* & HARUHIKO SUZUKI* Departments of *Immunology and tEquipment Center for

Research and Education, Nagoya University Graduate School of Medicine, Nagoya, Japan

SUMMARY

Little is known about the homeostatic mechanisms by which the levels of peripheral lympho-
cytes are maintained. The survival of naive T cells in vivo must be maintained by some factors that
have not been characterized in an in vitro culture system. In this study, we established a culture
system of stromal cells derived from murine lymph nodes and investigated the action of the stromal
cells in supporting the survival of resting T cells in vitro. Most of the T cells cocultured with the
stromal cells did not die, and the supernatant of cultured stromal cells increase the viability of T
cells. This T-cell survival-supporting activity was maintained for more than 7 days. Although
interleukin (IL)-4, IL-6, IL-7, and interferon-@ also rescued peripheral T cells from spontaneous
cell death, medium-soluble and heat-sensitive factor(s) derived from the stromal cells supported
the survival of T cells more effectively and for a longer time than did these cytokines. T cells
maintained in the culture system with the stromal cells appeared to remain in a resting Go/G; state
and did not show remarkable DNA synthesis. From these results, it is presumed that some soluble
factor(s) other than the tested cytokines that have been identified as supporting T-cell survival are
produced from lymph node stromal cells. These factor(s) play an important role in maintenance of

resting T cells.

INTRODUCTION

Maintenance of the homeostasis of T cells that control all the
immunocompetent cells is important for the achievement of
proper immune response. The number of peripheral T cells is
strictly regulated by the balance of cell death and cell prolif-
eration. In a condition in which T cells do not encounter large
amount of antigens, the T cells do not proliferate and are
maintained in a resting state. At the same time, the resting T
cells do not die and keep alive to maintain the stable number." In
contrast, T cells rapidly undergo apoptosis and die in an in vitro
culture when the cells are cultured in usual media supplemented
with fetal bovine serum.>> This fact suggests that some factors
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that are necessary for T cells to stay alive are not provided in
usual in vitro culture systems.

Many studies have focused on the mechanisms by which T
cells live, and multiple factors are responsible for T-cell survi-
val."*"'® Candidates of such survival factors include cell sur-
face-expressed molecules and secreted soluble factors. In the
immune system, many soluble factors called cytokines work for
T-cell survival.”'* One strong candidate, interleukin-7 (IL-7),
which is important in the proliferation and development of
immature T cells, has also been shown to support the survival of
mature T cells.®>'° Other soluble factors, such as interferon-@
(IFN-B), IL-4, and IL-6, have also been shown to have such
supporting activity. It is still unknown, however, which one of
these factors is necessary and efficient for the survival of resting
T cells in vivo.

In this study, T cells from mouse lymph nodes, cocultured
with the lymph node-derived stromal cells (LNS), survived for
7 days without a significant decrease in number of live cells.
This finding indicates that stromal cells derived from murine
lymph nodes produce factors necessary for T-cell survival. We
investigated the characteristics of the LNS cells and the
mechanism by which the survival of T cells was maintained.

© 2003 Blackwell Publishing Ltd
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MATERIALS AND METHODS

Establishment and preparation of LNS cells in culture
Lymph node cells were obtained from swollen lymph nodes of
IL-2RB™ mice and re-suspended at 10° cells/ml in RPMI-1640
medium supplemented with 10% fetal bovine serum,
5 x 107> M 2-mercaptoethanol, 100 pg/ml penicillin, and
100 pg/ml streptomycin. The re-suspended cells were cultured
in six-well tissue culture plates at 5 ml/well for 7 days at 37°,
and then the non-adherent cells were washed away. The remain-
ing adherent cells containing LNS cells were cultured for a
further 3 days. Then the stromal cells detached from the plates
were collected, re-suspended at 5 X 10° cells/ml, and were set
up in 24-well plates at 10° cells/well.

Preparation of stromal-conditioned medium (SCM)

SCM was prepared from the culture supernatant of confluent
LNS cells. In brief, the LNS cells in 6-well plates were washed
with phosphate-buffered saline (PBS) to remove exogenous
serum products. The LNS cells were incubated in serum free
RPMI medium at 37° for 3 days, and the supernatant was
recovered, filtered and stored at —80° until use.

Isolation of T cells

Lymphocytes were obtained from lymph nodes of 6—-8-week-old
C57BL/6 mice. T cells were isolated from the lymphocytes by
using nylon wool columns as previously reported.'® The per-
centage of T cells after this preparation was always more than
80%.

Cell culture system and assay for cell survival rate

T cells (10%ml) were cultured in the 24-well plates containing
the confluent LNS cells described above or were incubated in
presence or absence of SCM, IL-4, IL-6, IL-7 or IFN-3 at 37°
for various time periods. In another experiment, T cells were
cultured in a diffusion chamber (Falcon, Becton Dickinson
Laboratory Ware, Franklin Lakes, NJ) to avoid direct contact
with LNS cells in 24-well plates. T cells were harvested from
culture plates and re-suspended in 0-5 ml of PBS containing
10 pg/ml propidium iodide (PI). The percentages of dead and
live cells were determined using a FACS Calibur™ (Becton
Dickinson).

Antibodies and recombinant cytokines

Recombinant murine IL-4, IL-7, IFN-a/f3, and anti-mouse IL-4,
anti-mouse IL-6, and anti-mouse IL-7 antibodies were pur-
chased from R & D systems, Inc. (Minneapolis, MN). Anti-
IFN-a/[3, anti-BCL-2 and anti-BCL-XL (polyclonal) antibodies
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). fluoroscein isothiocyanate (FITC)-conjugated anti-CD4
(clone H 129.19) and phycoerythrin (PE)-conjugated anti-CD8
(clone 53-6.7) antibodies were obtained from Sigma-Aldrich (St
Louis, MO). FITC-conjugated anti-mouse CD69 monoclonal
antibody (mAb; clone H1.2F3), PE-conjugated anti-CD62L
mADb (clone MEL14), PE-conjugated anti-CD45RB mAb (clone
16 A), FITC-conjugated anti-CD44 mAb (clone IM7), FITC-
conjugated anti-CD11a mAb (clone M17/4), PE-conjugated
anti-CD11b mAb (clone M1/70), biotin-conjugated anti-
CDl11c mAb (clone HL3), PE-conjugated anti-CD40 mAb
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(clone 3/23), biotin-conjugated anti-CD54 mAb (clone 3E2),
FITC-conjugated anti-CD86 mAb (clone GL1), and PE-con-
jugated anti-I-A® mAb (clone AF6-120.1) were obtained from
BD-PharMingen (San Diego, CA). Biotin-conjugated antibo-
dies were visualized by secondary staining with streptavidin-
conjugated RED670 (Gibco BRL-Invitrogen, Carlsbad, CA).

Enzyme-linked immunosorbent assay (ELISA)

ELISA to detect IL-4 and IL-6 in SCM was performed using
mouse IL-4 ELISA set (BD-PharMingen) and mouse IL-6
ELISA set (BD-PharMingen), respectively. ELISA assay for
IL-7 was performed using the above-mentioned ELISA set with
recombinant murine IL-7, anti-mouse IL-7 antibody (R & D
systems, Minneapolis, MN) and biotynilated anti-mouse IL-7
antibody (BD-PharMingen).

Cell proliferation assay

Proliferation of T cells was evaluated by measuring [*H]thy-
midine (TdR, 925 GBg/mM, Amersham Corp., Arlington
Heights, IL) incorporation. In brief, T cells were pulsed with
[PHITdR (37 kBg/well) for an additional 4 hr, and [PH]TdR
uptakes were determined by liquid scintillation counting. All
experiments were performed in triplicate.

Cell cycle analysis

Approximately 10° T cells were harvested and re-suspended in
200 pl PBS. Then the cells were rapidly fixed in 1 ml of 70%
ice-cold ethanol. After centrifugation, the cells were re-sus-
pended in 1 ml PBS containing 10 pg/ml PI and 100 pg/ml
ribo-nuclease A and then incubated at 37° for 30 min. Fluor-
escence (FL-2) was recorded using a FACS Calibur™ flow
cytometer (Becton Dickinson).

Analysis of Bcl-2 and Bcl-XL proteins

For immunoblot analysis, cell lysates were prepared from cells
using a buffer containing 125 mMm Tris-HCL (pH 6-8), 4%
sodium dodecyl sulphate (SDS), 10% 2-ME and 20% glycerol,
and the amount of protein for each lane was normalized (50 pg/
lane). The lysates were subjected to SDS—polyacrylamide gel
electrophoresis (PAGE) on 10% gel and electrotransferred to
nitrocellulose membranes as previously described.'* Subse-
quently, each membrane was incubated with anti-Bcl-2 or
anti-Bcl-XL antibody and then with horseradish peroxidase
(HRP)-labelled secondary goat anti-rabbit immunoglobulin G
(IgG) antibody (Tago, Burlingame, CA). The protein bands
were visualized using Western blot chemiluminescence reagent
(Dupont-NEN, Boston, MA) according to the instructions of the
manufacturer. The molecular sizes of the developed proteins
were determined in comparison with those of prestained pro-
teins (New England Biolabs Inc., Beverly, MA).

Expression of cytokines

Total cellular RNA was isolated from stromal cells using
RNAzol-B (Cinna/Biotex Laboratories, Houston, TX) accord-
ing to the manufacturer’s instructions. Single-stranded cDNA
was synthesized by reverse transcriptase (RT) with random
hexamer oligonucleotides as primers, and the desired cDNA
was amplified by polymerase chain reaction (PCR) using a
TaKaRa RNA LA PCR kit (TaKaRa Biomedicals, Kyoto,
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Japan). Primers (sense and antisense) for the amplification of
each cytokine cDNA were as follows: B-actin sense, TGG AAT
CCT GTG GCA TCC ATG AAA C; B-actin antisense, TAA
AAC GCA GCT CAG TAA CAG TCC G; IL-1a sense, CTC
TAG AGC ACC ATG CTA CAG AC; IL-1a antisense, TGG
AAT CCA GGG GAA ACA CTG; IL-2 sense, TGATGG ACC
TAC AGG AGC TCC TGA G; IL-2 antisense, GAG TCA AAT
CCA GAA CAT GCC GCA G; IL-3 sense, GAA GTG GAT
CCT GAG GAC AGATAC G; IL-3 antisense, GAC CAT GGG
CCATGA GGA ACATTC; IL-4 sense, CGA AGA ACA CCA
CAG AGA GTG AGC T; IL-4 antisense, GAC TCATTC ATG
GTG CAG CTT ATC G; IL-5 sense, CTC TAG TAA GCC CAC
TTC TA; IL-5 antisense, TGA TAC ATG AAT AAC ATC CC;
IL-6 sense, TGG AGT CAC AGA AGG AGT GGC TAA G; IL-
6 antisense, TCT GAC CAC AGA AGG AGT GGC TAAG; IL-
7 sense, AAA TGC AGC TGA CTG CTG GC; IL-7 antisense,
TCT CCA GTC TAA AAC AGG AC; IL-10 sense, TAC CTG
GTA GAA GTG ATG CC; IL-10 antisense, CAT CAT GTA
TGC TTC TAT GC; tumour necrosis factor-a (TNF-a) sense,
GGC AGG TCT ACT TTG GAG TCA TTG C; TNF-« anti-
sense, ACA TTC GAG GCT CCA GTG AAT TCG G; lym-
photoxin (LT)-a sense, TGG CTG GGA ACA GGG GAA GGT
TGA C; LT-« antisense, CGT GCT TTC TTC TAG AAC CCC
TTG G. The conditions for PCR were 1 min at 94°, 2 min at 55°
and 3 min at 72° for 30 cycles. The efficiency of reverse
transcription and the amount of RNA used in RT-PCR were
verified by detection of the murine (-actin mRNA. The PCR
products were analysed on a 2% TAE agarose gel and visua-
lized by ethidium bromide staining.

RESULTS
LNS cells support the survival of resting T cells in vitro

In vitro LNS cells were cocultured with T lymphocytes as
described in Materials and Methods. In all of the experiments,
the indicator T cells were not treated with antibodies to purify
naive T cells because preliminary experiments showed that such
treatment to eliminate the minor population did not greatly
affect the overall viability and eventually worsened the viability
of T cells (data not shown). When fresh T cells were cultured
without stromal cells in the usual medium containing fetal
bovine serum, spontaneous cell death occurred and viability
decreased to approximately 20% after 48 hr of culture
(Fig. 1a). In contrast, when T cells were cocultured with the
LNS cells, more than 90% of the T cells were still alive after
48 hr of culture. The conditioned medium prepared from the
SCM also increased the survival rate of T cells. This activity was
removed by heating the supernatant at 95° for 5 min, indicating
that the supporting activity was mediated by heat-sensitive
material(s). The time course study of T-cell survival clearly
demonstrated that the supporting activity of stromal cells was
striking during the initial 24 hr and continued for more than
7 days (Fig. 1b). The effect of the conditioned medium was not
remarkable during the initial 24 hr of culture, but significant
viability-supporting activity was observed for the subsequent
days. Survival of T cells cultured with the LNS cells but
separated by the diffusion chamber to prevent direct contact
with the LNS cells was very similar to that of the cells cultured
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Figure 1. Viability of T cells after in vitro culture with the LNS cells or
in the conditioned medium. (a) T cells obtained from lymph nodes of
normal C57BL/6 mice were cultured for 48 hr with confluent LNS cells
(+ LNS) in a simple medium (SM), in a stromal-conditioned medium
containing 50% of the culture supernatant of LNS cells (SCM), or in a
medium containing 50% of the LNS cells culture supernatant treated at
95° for 5 min (heated SCM). The viability of T cells was determined by
PI staining and FACS analysis as described in Materials and Methods.
Data are means £ SE from three independent experiments. (b) T cells
were cultured with confluent LNS cells (+ LNS) in a simple medium
(SM), in a 50% SCM, or with the LNS cells separated by a diffusion
chamber (+ LNS/DC) and harvested after indicated periods. Data of
cell viability are presented as means = SE from three independent
experiments.

in conditioned media, indicating that factor(s) produced from
the LNS cells was soluble and diffused in the media.

Characteristics of stromal cells from the lymph nodes of
IL-2RB™"" mice

Molecules expressed on cell surfaces relate to adhesion via cell—
cell interactions and may be important factors for supporting
cell survival. We examined the expression of such cell surface
molecules in the LNS cells obtained from IL-2RB™" mice by
flow cytometry. Figure 2 shows the expression profiles of
CDl11a-c, CD40, CD44, CD54, CD86 and class II major histo-
compatibility complex (MHC) (I-A®). The LNS cells expressed
high levels of CD11b and CD44, moderate levels of CD11c and
CD54, and very low levels of CD11a and I-A® but did not
express CD40 and CD86. The LNS cells were negative for CD4
and CD8 expressions (data not shown). The high expression
level of CD11b (Mac-1) suggested that most of the LNS cells
were in the lineage of macrophages. The high expression level
of CD11b but rather low level or negative expression of CD86
(B7-2) and class II MHC indicated that the major population
was not dendritic cells. Yet the cells were still heterogeneous
and may have contained several different cell lineages including
macrophages and dendritic cells. Although we tried to establish

© 2003 Blackwell Publishing Ltd, Immunology, 109, 496-503



Lymph node stromal cells support T-cell survival 499

{a)

Counts
10 20 30 40 50

4]

Counts
10 20 30 40 50

1]

Couns
10 20 30 40 50

Counts
0 10 20 30 40 50

{b

f-actin
IL-10
IL-12
IL-15
INF-3
INF-x
LT-tx
SCF

IL-1ex
IL-1
IL-2
IL-3
IL-4
IL-5
IL-6
IL-7

Figure 2. Expression of cell surface molecules in lymph node-derived
stromal cells. (a) Stromal cells derived from lymph nodes of IL-2RB ™~
mice were stained with fluorescence-conjugated antibodies and were
analysed by flow cytometry. Shaded peaks and open peaks with dotted
lines indicate the fluorescence intensities of cells stained with a non-
specific control antibody labelled with the same fluorescent reagents. (b)
RNA was extracted from stromal cells derived from lymph nodes of
IL-2RB™" mice, and RT-PCR was performed using primers to detect
the expression of indicated cytokines.

clones of the LNS cells, such clonally expanded cells always
lost the function to support T-cell survival (data not shown). In
this study therefore all the assays were performed within
2 weeks after the LNS cells had been prepared.

We also examined the expression of cytokines from these
LNS cells by RT-PCR analyses (Fig. 2b) and found that the
cells expressed mRNA of various cytokines. The expressions of
IL-1p3, IL-12, IFN-B and TNF-a were clearly demonstrated.

© 2003 Blackwell Publishing Ltd, Immunology, 109, 496-503

T-cell survival-supporting effects of related cytokines
compared with the effects of LNS cells-derived factors

The effect of various cytokines on the prevention of death of T
cells invitro was examined. T cells isolated from lymph nodes of
C57BL/6 mice were cultured with various concentrations of IL-4,
IL-6, IL-7, and IFN-{3 for 24 or 48 hr, and the percentages of
living cells were compared with those of live cells cultured in the
SCM containing 50% of the culture supernatant of the LNS cells.
As shown in Fig. 3, all of the cytokines tested had activity to
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Figure 3. Effects of known cytokines to support the survival of T cells.
T cells isolated from lymph nodes of C57BL/6 mice were cultured with
various concentrations (as indicated in the figure, per ml) of IL-4, IL-6,
IL-7, and IFN-B for 24 or 48 hr, and cell viability was determined.
The data of cells cultured in the stromal-conditioned medium (SCM)
containing 50% of culture supernatant of the LNS cells were added in
each panel to compare the effect of each cytokine with that of SCM.
Three different experiments were performed, and the average values are
shown.
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Figure 4. Blocking of the activity to support T-cell survival with neutra-
lizing antibodies against various cytokines. (a) T cells were cultured
with 1-0 ng/ml (IL-4, IL-6 and IL-7) or 10 U/ml (IFN-) of cytokines
with or without indicated neutralizing antibodies (5 pg/ml) for 24 or
48 hr, and cell viability was determined. T cells were also cocultured
with the confluent layer of LN-derived stromal cells (+ LNS) or
cultured in SCM with or without a cocktail of all antibodies (5 pg/
ml each) for 24 or 48 hr, and cell viability was determined. Three
experiments were performed, and the data are means + SE. (b) IL-4,
IL-6, and IL-7 levels in SCM were measured by ELISA. Three
independently prepared SCM were analysed. *Results below the relia-
bility level in the ELISA system we used (<15-6 pg/ml).

support T-cell survival in a dose-dependent manner. This
supporting activity was different for each cytokine: at the
highest concentration tested (10 ng/ml or 100 U/ml), the activ-
ity was strongest for IL-4, followed by those for IL-7 and IL-6,
and INF- showed the weakest activity. Although every cyto-
kine tested showed some degree of activity to support T-cell
survival, only the highest concentration of IL-4 showed an
activity equivalent to that of SCM, and no other cytokines were
able to perform survival-supporting activity to the same level as
SCM (Fig. 3).

Next, we used neutralizing antibodies to various cytokines
added to the T-cell coculture system to test the roles of known

cytokines in the LNS cells. As shown in Fig. 4(a), all of the
antibodies used showed clear neutralizing activity for the
tested cytokines in supporting T-cell survival and decreased
the viability of T cells to a level equal to that of T cells
cultured without cytokines. A cocktail of all of the antibodies
(anti-IL-4, -6, -7, and IFN-B) did not affect the supporting
activity of the LNS cells and SCM (Fig. 4a). This result
strongly suggested that none of the cytokines tested were
essential factors contributing to the action of LNS cells.
Furthermore, IL-4, IL-6 and IL-7 levels in the supernatant
of the LNS culture were less than 0-1 ng/ml, which was not
enough to support the survival of T cells (Fig. 3) but was 10
times less than that suppressed by the specific neutralizing
antibody (Fig. 4b).

Characteristics of T cells supported by LNS cells compared
with those of T cells supported by known cytokines

‘We next analysed whether T cells cocultured with LNS cells or
cultured in SCM had changed their characteristics or not. As
shown in Fig. 5, the CD4/CDS8 ratio was unchanged after 48 hr
of culture with LNS cells or in SCM, whereas the CD4/CD8
ratio was slightly decreased after culture with IL-4. When the
activation state was checked by the expression of CD69, most of
the fresh T cells were negative for CD69 expression and less
than 10% of fresh T cells were CD69-positive. This activation
state was unchanged after 48 hr of culture with LNS cells or in
SCM (Fig. 5). In contrast, the percentage of CD69™" cells was
increased after culture with IFN-B. We also examined the
expression of CD62L (Fig. 5), CD44 and CD45RB (data not
shown) to check the rate of memory-type T cells, and T cells
that had been cultured with LNS cells or in SCM for 48 hr
showed unchanged expressions of these markers. Thus, it was
confirmed that T cells cultured with the LNS cells in our
coculture system or cultured in stromal-conditioned medium
containing 50% of the culture supernatant of LNS cells were
maintained with the character of naive T cells.

Next, we examined whether T cells cultured with the LNS
cells, in SCM or with cytokines remain in a resting state or
proliferate. First, DNA synthesis was measured for T cells
cocultured with LNS cells, or cultured in SCM or with a
cytokine (Fig. 6a). A significant increase in DNA synthesis
was observed in T cells cultured with IL-4 or IL-7, whereas
DNA synthesis in T cells cocultured with LNS cells or cultured
in SCM was the same level as that in fresh T cells. DNA
synthesis in T cells cultured with IL-6 or IFN-3 was also not
significantly higher than that in fresh T cells.

We also performed cell-cycle analysis of T cells cocul-
tured with LNS cells or cultured in SCM in comparison
with those cultured with IL-7 (Fig. 6b). The cell cycle analysis
revealed that most of the fresh T cells (>99%) were in Gy/G,
phase and that only a very small percentage (~0-6%) was
in S phase. T cells cocultured with LNS cells or cultured in
SCM for 48 hr showed a similar pattern of cell cycle to that of
fresh T cells, whereas T cells cultured with IL-7 for 48 hr
showed a different pattern, i.e. an increased percentage of
S-phase cells (~14%) compared with that of fresh cells and
cells cocultured with LNS cells (~0-6%) or cultured in SCM
(~0-7%).

© 2003 Blackwell Publishing Ltd, Immunology, 109, 496-503
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Figure 5. Cell surface markers of T cells cultured with LNS cells.
Freshly isolated T cells and T cells cocultured with LNS cells, cultured
in SCM or cultured with recombinant IL-4 (1 ng/ml), IL-7 (2 ng/ml),
or IFN-B (100 U/ml) for 48 hr were stained with fluorescence-
conjugated antibodies and analysed by flow cytometry. Numbers in
each panel indicates the percentages of cells in a quadrant where the
numbers are.
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Figure 6. DNA synthesis and cell cycle analysis of T cells cocultured
with lymph node-derived stromal (LNS) cells, cultured in SCM or
cultured with a cytokine. (a) T cells isolated from C57BL/6 lymph nodes
were cultured in a simple medium (SM), cocultured with LNS cells,
cultured in SCM or cultured with the indicated recombinant cytokine.
Concentrations of cytokines were 10 ng/ml for IL-4, IL-6 and IL-7 and
100 U/ml for IFN-B. After 24 or 48 hr of culture, cells were pulsed with
[*H]thymidine, and its uptake was measured as described in Materials
and Methods. Three independent experiments were performed, and data
are presented as means £ SE. (b) Fresh T cells, T cells cultured with IL-
7 (10 ng/ml) for 48 hr, T cells cultured in SCM, and T cells cultured
with LNS cells for 48 hr were prepared, and the cell cycles were
analysed as described in Materials and Methods. Markers and numbers
in each panel represent the areas of Go/G, S, and G/M phases and the
percentages of cells in the area, respectively.

Expression of Bel-2 and Bcel-XL in surviving T cells was
maintained by coculture with LNS cells

To define the role of Bcl-2 family proteins in survival of resting
T cells, we examined the expression of Bcl-2 and Bel-XL in T
cells cocultured with LNS cells or cultured with recombinant
cytokines. When the T cells were cultured in a simple medium
containing no special factors to support T-cell survival, most of
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Figure 7. Expression of Bcl family proteins in T cells cultured with
LNS cells. Fresh T cells or T cells cultured with LNS cells or with a
recombinant cytokine (IL-4, IL-6, and IL-7, 10 ng/ml) in the absence of
supporting cells and cytokines (T alone) for 48 hr, were collected and
analysed for their expression of Bcl-2 and Bel-XL by immunoblotting as
described in Materials and Methods. In the right panel, T cells were
cultured with IFN- (100 U/ml) for 24 hr with or without a neutralizing
antibody and analysed for Bcl-XL expression.

the cells died (see Fig. 1) and the T cells that survived showed
reduced expression of Bcl-2 and Bel-XL (Fig. 7). When the T
cells were cultured with LNS cells, most of the T cells survived,
with maintenance of Bcl-2 and Bcl-XL expression (Fig. 7). IL-4,
IL-6 and IL-7, which had been shown to possess activity sup-
porting survival of T cells to some extent (Fig. 3), were found to
increase the expression of Bcl-XL. IFN-$3 had very weak acti-
vity to induce Bcl-XL expression compared with that of LNS
cells or other cytokines. The neutralizing antibody against IFN-
{3 did not reduce the maintenance of Bcl-XL expression by LNS
cells, indicating that IFN- was not the factor responsible for
the effect of LNS cells on Bel-XL expression.

DISCUSSION

We established murine LNS cells that had activity to support the
survival of cocultured T cells for more than 7 days (see Fig. 1).
Generally, stromal cells can be obtained from some lymphoid
tissue/organs such as bone marrow, spleen or lymph nodes.'>~!”
The interaction between stromal cells and lymphocytes is
thought to be important in lymphocyte functioning, homing,
proliferation, and survival.'® The character of stromal cells may
determine the type of lymphocytes that remain in a local area to
interact with the stromal cells. As lymph nodes are much richer
in T cells than are the spleen, the characterization of LNS cells is
important for the analysis of T cells. LNS cells are usually
obtained from human patients with metastatic lymph node
tumours.'®%° In this study, we established for the first time an
in vitro culture of lymph node-derived stromal cells from mice
bearing no tumours, and we identified the activity of these cells
that support the survival of peripheral resting T cells. The lymph
nodes of IL-2RB-deficient mice, from which we could establish
the LNS cells in culture, were swollen and contained many
activated T cells.?' The stromal cells in such IL-2RB™" mice
may interact with activated T cells and increase their numbers in
vivo. This may have enabled the establishment of stromal cells
in culture from murine lymph nodes. The established LNS cells
in vitro promoted T-cell survival but did not activate them
(Fig. 5). The LNS cells we established could be maintained

in vitro without any loss of their T-cell survival/supporting
activity for 2-3 weeks. However, culture of the LNS cells for
more than 1 month resulted in a decrease in their survival-
supporting activity (data not shown). The LNS cells we used
were a heterogeneous cell population, and the functional cells
might be lost in culture for a longer time. In order to establish
LNS cell clones, technical improvement may be needed to
maintain such functional cells in culture for a longer time.

T cells rapidly die in vitro when they are not stimulated.
Studies to identify the factor responsible for the survival of T
cells and to clarify the mechanism by which T cells survive have
shown that there are many different factors responsible for T-
cell survival. It seems that such factors include cell surface-
expressed molecules and soluble factors. The LNS cells we
established also seem to promote T-cell survival with various
factors, including both soluble factors and cell-cell interacting
molecules. A conditioned medium prepared from the culture
supernatant of LNS cells showed clear T-cell survival/support-
ing activity (Fig. 1), but the activity of the conditioned medium
never reached the level of that of LNS cells, indicating that cell—
cell interaction is needed for full supporting activity to T-cell
survival. The survival activity mediated by cell—cell interaction
may be important for short-term maintenance of T-cell survival,
while a soluble factor(s) may work for long-term survival
(Fig. 1b). In the current understanding for T-cell survival factors
working with cell-cell attachment, the interaction between
MHC and the T-cell receptor (TCR) is essential for T cells,
not only for survival but also for development.sq’zz’23 This
MHC-TCR interaction is also thought to work in our system
using the LNS cells because the LNS cells were derived from
IL-2RB-deficient mice of C57BL/6 genetic background and we
used T cells from C57BL/6 mice. In our experimental system,
however, the affinity of the MHC and the TCR do not seem to be
essential because BALB/c T cells that hat not been positively
selected for H-2° showed similar survival after coculture with
the C57BL/6-derived LNS cells (data not shown). Although it is
difficult to estimate how much the T-cell survival is dependent on
MHC-TCR interaction, the cell-cell contacting factor(s) must
be participating an important role for survival of naive T cells.

So what is the soluble factor produced by the LNS cells? So
far, some cytokines have been shown to work for T-cell survival.
For immature T cells and activated T cells in a proliferating
state, the factors essential for survival are rather well under-
stood. For instance, they are IL-7 for immature T cells and IL-2
or IL-15 for activated T cells.*”'%?*%% In contrast, the factors
essential for survival of resting T cells are not clear. IL-7 seems
to be the most likely factor that also works for resting T cells."
Our analysis, however, showed that IL-7 caused DNA synthesis
and cell cycle movement in mature T cells, which is different
from the action of our LNS cells (Figs 6 and 7). Type I IFN was
also shown to work for T-cell survival, but mainly for survival of
activated T cells or anergic T cells and for maintenance of
memory-type T cells.>’=° In our study, IFN-B did not effec-
tively increase the survival of naive T cells. The activity of IFN-
B was very weak compared with that of LNS cells and induced
an increase in memory-type T cells (Fig. 5). Our result showing
an increase in memory-type T cells after culture with IFN-3
supports the idea that type I IFN works for induction and
maintenance of memory-type T cells. Although it is not clear
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whether anti-apoptotic Bcl proteins are induced in activated T
cells by type I IEN,?**® our results indicate that type I IFN is not
essential for the survival of naive T cells and that other factors
that maintain Bcl-2 and Bcel-XL are important. The LNS cells
supported T-cell survival but had no effect on either the activa-
tion/memory phenotype or for cell proliferation, indicating that
the action of LNS cells was close to the physiological state.
None of IL-4, IL-6, IL-7, and IFN-B are indispensable factors
for the activity of LNS cells because the addition of neutralizing
antibodies (anti-IL-4, anti-IL-6, anti-IL-7, and anti-IFN-{, all
together) had no inhibitory effect at all (Fig. 5).

Many factors, including chemokines, are now thought to be
candidates for lymphocyte survival factors. SDF-1 (stromal
cell-derived factor-1), a chemokine, has been reported to sup-
port the survival of resting CD4" T cells and that of B
lymphoma cells.*'*? These findings suggest that SDF-1 coor-
dinately works with other cytokines and for some different cell
lineages. Future studies are needed to identify the factor(s)
essential for the survival of resting T cells without activation/
proliferation. The LNS cells we have established may become a
strong tool to identify this factor.
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