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ABSTRACT
Mouse thymic stromal cell line 4 (MTSC4) is one of the stromal cell lines established in our laboratory. While losing

the characteristics of epithelial cells, they express some surface markers shared with thymic dendritic cells (TDCs). To
further study the biological functions of these cells, we compared the capability of MTSC4 with TDCs in the induction
of thymocyte apoptosis, using thymic reaggregation culture system. Apoptosis of thymocytes induced by MTSC4 and
TDCs was measured by Annexin V and PI staining and analyzed by flow cytometry. We found that MTSC4 selectively
augmented the apoptosis of CD4+8+ (DP) thymocytes. This effect was Fas/FasL independent and could not be blocked
by antibodies to MHC class I and class II molecules. In addition, MTSC4 enhanced the apoptosis of DP thymocytes
from different strains of mice, which implies that MTSC4-induced thymocyte apoptosis is not mediated by the TCR
recognition of self peptide/MHC molecules.  In contrast to MTSC4, thymocyte apoptosis induced by TDCs was MHC-
restricted. Thus, MHC-independent fashion of stromal-DP thymocyte interaction may be one of the ways to induce
thymocyte apoptosis in thymus. Our study has also shown that the interaction of MTSC4 stromal cells and thymocytes
is required for the induction of thymocyte apoptosis.
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INTRODUCTION
The communications between thymic microenvironmental

stromal cells and thymocytes determine the development
and fate of thymocytes. During maturation, the thymocytes
interact with the stromal cells, including epithelial cells,
fibroblasts and dendritic cells, to undergo T cell receptor
(TCR) gene rearrangement and TCR/CD3 expression, thy-
mic selection and functional maturation. Although the de-
tailed molecular mechanism of thymic selection remains
unclear, it is generally believed that the positive and negative
selection of immature thymocytes depends on the avidity of
T cell receptor (TCR) to peptide/MHC complex and requires
secondary signals which are poorly defined. High avidity
interaction between TCR and peptide/MHC molecules in-
duces negative selection resulting in cell apoptosis, whereas
low avidity interaction between them leads to positive
selection for cell survival [1, 2]. Thymic dendritic cells

(TDCs) as professional antigen presenting cells express
high levels of MHC class II molecules and their role in
negative selection has been demonstrated in vivo and in
vitro[3, 4]. Apart from TDCs, other types of thymic stro-
mal cells may also be involved in negative selection, such
as thymic medullary epithelial cells[5-7].

MTSC4 is a mouse thymic dendritic cell-like cell line
established in our laboratory. It was identified by the ex-
pression of vimentin and S-100 protein and lacking of char-
acteristic epithelial cell molecules, such as cytokeratin,
tonofilaments and desmosomes[8]. Further characteriza-
tion showed that 70% of MTSC4 cells were CD40 positive,
express low levels of B7.1, CD8α and MHC class I and
do not express surface MHC class II and B7.2. The
proportion of MTSC4 cells expressing DEC-205 varied
among the MTSC4 sub-clones (5%-54%). However, upon
stimulation by a combination of cytokines (IFN-γ, IL-4,
GM-CSF and anti-CD40 mAb), the clone of MTSC4-10
was upregulated on the expression of MHC class I, class
II and B7.1. The up-regulation of MHC class II was IFN-γ
dependent, and omission of any one of the cytokines from
the cocktail reduced the up-regulation of B7.1 expression.
Our previous studies also showed that application of an-
other cocktail of cytokines, including IL-1, IL-3, SCF and
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Flt3L, did not change the cell phenotype. These results
demonstrated that MTSC4 lacked the surface markers
typical for thymic epithelial cells and dendritic cells (DCs).
However, upon activation, they up-regulated the expres-
sion of some surface molecules normally expressed on
DCs.

To determine the relationship between MTSC4 and the
thymic dendritic cells (TDCs) and to investigate the pos-
sible functions of these cells during thymic selection, we
compared MTSC4 to freshly isolated TDCs for their ca-
pacity to induce thymocyte apoptosis. MTSC4 cells could
efficiently augment the apoptosis of CD4+8+ thymocytes
in a Fas/FasL independent manner. In contrast to TDCs,
the induction of thymocyte apoptosis by MTSC4 was not
MHC-restricted. These results suggest that different mo-
lecular pathways may be involved in the induction of thy-
mocyte apoptosis in MTSC4 and TDCs.

MATERIALS AND METHODS
Mice

Six to eight week-old, specific pathogen-free female BALB/c (H-
2d) and C57BL/6 (H-2b) mice were obtained from the Department of
Laboratory Animal Science, Peking University Health Science Center.
Six to eight week-old C3H (H-2k) mice were purchased from Beijing
Vital River Laboratory Animal Co., Ltd.

Cell lines
MTEC1 (mouse thymic medullary epithelial cell line 1), MTSC4

(mouse thymic stromal cell line 4) and its clone, MTSC4-10, were
established from the thymus of BALB/c mice in our laboratory[8,
9]. 3T3 fibroblast cell line was purchased from ATCC (VA, USA).

Monoclonal  antibodies
Fluorescence-conjugated monoclonal antibodies used for flow

cytometry analysis including: anti-MHC class II I-A(M5/114)-phy-
coerythrin (PE), anti-CD8α(53-6.7)-PerCP, anti-CD8α(53-6.7)-
Cychrome, anti-CD4(RM4-5)-APC, and anti-CD3(145-2C11)-FITC
were purchased from PharMingen (San Diego, CA). Anti-DEC-205
(NLDC-145)-PE was a kind gift given by Dr. Shortman (Melbourne,
Australia). Supernatants or ascites of mAbs used for the depletion
by immuno-magnetic beads or for cell cultures were generated in our
laboratory,  including: anti-erythroid cell antigen (Ter-119), anti-
Thy1.2 (30H12), anti-Gr-1(RB68C5), anti-CD3 (KT3-1.1), anti-
CD4 (RL172), anti-B220 (RA36B2), anti-B7.2 (GL1) , anti-CD11c
(N418), anti-MHC II I-A (M5/114) and anti-MHC class I (HB-79).

Isolation of thymic dendritic cells (TDCs)
Thymic DCs were isolated according to Vremec et al [10]. Briefly,

thymuses of BABL/c mice were chopped into small fragments with
scissors, digested with collagenase type II (1 mg/ml; Worthington)
and DNase I (30 U/ml; Worthington) for 25 min, at room tempera-
ture with continuous agitation. The cells were washed by EDTA-
BSS, recovered by centrifugation at 500 g for 7 min, then resuspended
in cold mouse isoosmotic Nycodenz (pH 7.2, density 1.077 g/cm3,

containing 5 mM EDTA). The low-density cell fraction was ob-
tained by centrifugation for 10 min at 1,700 g, 4oC. To deplete non-
DC cells, the recovered low-density cells were incubated with a
cocktail containing the following mAbs: anti-CD3, anti-CD4, anti-
erythroid cell antigen, anti-Gr-1, anti-B220 and anti-Thy1.2 (1/3
saturation concentration) for 30 min at 4oC. Cells were then washed
and depleted with anti-Ig-coated magnetic beads (Paesel and Lorei,
GMBH & Co, Frankfurt, Germany) at 10:1 bead-to-cell ratio. The
mixture of beads and cells was resuspended in EDTA-BSS-NCS and
incubated for 25 min with continuous slow rotation at 4oC. To obtain
purified TDCs, the cell preparation was stained and sorted for
CD11c+CD8α+ cells by flow cytometry Vantage (Becton Dic-kinson,
Mountain View, CA). The purity of separated TDCs was 95% after
reanalyzed on FACS.

Effects of cytokines on MTEC1, MTSC4 and MTSC4-10
Murine rIFN−γ was purchased from PharMingen. Murine rIL-4,

murine rGM-CSF and anti-CD40 mAb (FGK45.5) were obtained
from Immunex Corp. (Seattle, WA) and from Dr. A. Rolink (Basel
Institute for Immunology). MTEC1, MTSC4 and MTSC4-10 cells
(2.5×104 cells/ml) were cultured in media supplemented with a cock-
tail of cytokines containing mrIL-4 (100U/ml), mrGM-CSF (200 ng/
ml), IFN-γ (4 ng/ml) for 48 h, then added anti-CD40 mAb (1 µg/ml)
and the cells were cultured for additional 24 h. Cells were then har-
vested and analyzed by FACS Calibur (Becton Dickinson, Moun-
tain View, CA).

Preparation of thymic subsets
Fresh adult thymuses were homogenized to a single-cell suspen-

sion in cold RPMI-1640 medium containing 2% newborn calf serum
(NCS), using steel mesh. The cells were stained with anti-CD8α-
Cychrome, anti-CD4-APC, and sorted for CD4+8+ (DP), CD4+CD8-

(CD4SP) and CD4-CD8+ (CD8SP) cells by flow cytometry on FACS
Vantage. The purity of separated thymocyte subsets was 97-98%
after reanalyzed on FACS.

Thymic reaggregation cultures (TRC)
The TRC was based on the method established by Anderson et al.

[4]. Freshly prepared thymocytes and appropriate stromal cells were
mixed together at necessary ratios and pelleted by centrifugation.
Following removal of the supernatant, the cell pellet was carefully
transferred to the surface of a 0.8 µm Nucleopore filter supported by
gelatin foam sponges.

Flow cytometric analysis
MTSC4 and MTSC4-10 cells were dispersed in 0.1% EDTA-

PBS (pH 8.0) at 37oC for 15 min. After blocking with mouse and rat
sera, the single cell suspensions were stained with a panel of conju-
gated mAbs (see Monoclonal antibodies) for 30 min at 4oC.  Stained
cells were analyzed on FACS Calibur. Data acquisition and analysis
were performed using Cell Quest software.

Annexin-V-FITC kit (BD-PharMingen) was used to evaluate thy-
mocyte apoptosis. Thymocytes were harvested after reaggregation
cultures and stained with Annexin V-FITC and PI, simultaneously
with CD8-PerCP and CD4-APC, then analyzed by FACS to determine
the proportion of apoptotic cells at different stages and the viable cells
as well as the four major thymocyte subsets in the viable cells.
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Antibody blocking assays
To determine the functions of MHC molecules, Fas/FasL, and

CD40 in thymocyte apoptosis induced by MTSC4, mAbs to MHC
class I (ascites, 1:400) and MHC class II (ascites, 1:100), anti-CD40
(HM40-3, PharMingen) (10 µg/ml), and anti-FasL(10 µg/ml) (MFL3,
PharMingen) were added into the TRCs respectively. Thymocyte
apoptosis was assayed by Annexin V and PI staining, and analyzed
by FACS. The functions of MHC molecules in thymocyte apoptosis
induced by TDCs were also investigated.

RESULTS
Thymocyte apoptosis induced by MTSC4 and TDCs

Mouse thymocytes underwent spontaneous apoptosis
in vitro. In TRC system, thymocyte apoptosis could be
revealed after being cocultured with MTSC4 cells for 12 h.
To determine the capacity of MTSC4 in the induction of
apoptosis, 1×106  MTSC4 cells were co-cultured with 5×105

thymocytes isolated from BALB/c mice for 12 h at 37oC.
MTEC1, a thymic epithelial cell line which was shown to
positively support thymocyte development[11], was used
in the co-cultures with thymocytes as a control. Cultures

with thymocytes alone were used as controls for sponta-
neous apoptosis. The effect of MTSC4 on thymocyte
apoptosis and the subsets of the viable thymocytes were
examined by staining with Annexin V-FITC, PI, CD8-
PerCP, CD4-APC and analyzed on flow cytometry. The
electronic gatings used for analyzing the viability of the
cultured cells were shown in Fig 1A. The viable cells were
defined as Annexin V-PI- ; the early phase of apoptotic cells
defined as Annexin V+PI- ; and the intermediate phase of
apoptotic cells as Annexin V+PI+ cells. As shown in Fig
1B, the apoptotic cells were 36.9%, 28.3% and 54.2% in
the thymocytes cultured alone, cultured with MTEC1 or
MTSC4, respectively. The apoptotic cells increased by
47% in the cocultures with MTSC4, whereas decreased
by 23% in the cocultures with MTEC1. Thus, MTSC4
promoted thymocyte apoptosis; in contrast, MTEC1 res-
cued thymocyte apoptosis, the later was consistent with
our previous observation[11, 12].

MTSC4-10 is a subclone of MTSC4[9]. Upon stimula-
tion by GM-CSF, IL-4, IFN-γ and anti-CD40 mAb,
MTSC4-10 up-regulated the expression of surface MHC

Fig 1.  MTSC4 cells induced thymocyte apoptosis. Thymocytes were cultured in TRC system in the
presence or absence of MTSC4 cells for 12 h. The cells were stained with Annexin V and PI, then,
analyzed on FACS to determine the apoptotic cells at distinct stages and the proportion of viable cells.
MTEC1 cells were applied as control and cocultured with thymocytes under the same condition as that
of MTSC4 cells.  (A) Gates and regions used on FACS profiles for analyzing the viability of cultured
thymocytes. R1: forward scatter gating for viable cells; R2: gating for PI- cells; R3: gating for Annexin V-

PI- cells; R4: total cells recovered from each culture. (B) Effects of MTSC4 and MTEC1 on thymocyte
apoptosis. 5×105 thymocytes were co-cultured with MTSC4 or MTEC1 at the ratio of 1:2 in number.
Thymocytes were harvested from these cultures after 12 h, and the viable cells were counted. The number
of viable cells to total cells recovered from these cultures was: thymocytes alone: 2.7/3.6×105;
MTEC1+thymocytes: 2.4/3.0×105; MTSC4+thymocytes: 2.2/3.2×105. The harvested thymocytes were
then stained with Annexin V-FITC and PI to reveal the apoptotic thymocytes. 1. Thymocytes alone; 2.
MTEC1 + thymocytes; 3. MTSC4 + thymocytes.  A representative experiment of three is shown.
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class I, class II and B7.1 molecules. However, the higher
levels of expression of these molecules on MTSC4-10 did
not seem to enhance their ability to induce thymocyte
apoptosis in comparison with MTSC4. As shown in Tab 1,
MTSC4, MTSC4-10 and the cytokine-stimulated MTSC4-
10 cells induced thymocyte apoptosis with similar

efficiency.
It is known that thymic negative selection is most effi-

ciently mediated by the professional antigen presenting cells
of bone marrow origin, namely thymic dendritic cells
(TDCs)[13]. To evaluate the capacity of MTSC4 in the
induction of thymocyte apoptosis, we compared the ability

   Tab 1.  Effects of MTSC4, MTSC4-10 and cytokine-stimulated MTSC4-10 cells on the induction of thymocyte apoptosis
        Groups            Cell number (×105 )                       Apoptotic cells (%)                                      Viable cell subsets (%)

             (viable/total)         2Ann-PI-     Ann+PI-        Ann+PI+     Ann-PI+      CD4+SP  CD8+SP      CD4+8+ CD4-8-

   1Thy (0h)                       4ND                       ND     ND            ND      ND           11.7   4.0         79.7   4.6
Thy 2.5/3.3 60.0 14.0 24.2 1.7 12.1 4.0 82.1 1.8
Thy+MTSC4 2.0/3.1 44.6 23.2 23.9 8.3 19.6 7.6 65.9 6.9
Thy+MTSC4-10 2.3/3.4 47.8 18.3 28.6 5.3 18.9 7.6 65.5 8.0

   3Thy+MTSC4-10s 2.1/3.2 45.9 14.5 35.9 3.7 17.9 6.0 67.7 8.5

5×105 thymocytes were cocultured with MTSC4 cell line and clones at ratio of 1:2. Cells were harvested after 12 h for analysis. 1Thy:
thymocytes;  2Ann: Annexin V;  3MTSC4-10s: MTSC4-10 stimulated by cytokine cocktail (GM-CSF, IL-4, IFN-γ) and anti-CD40
mAb;  4ND: not done.  A representative experiment of three is shown.

Fig 2.  The susceptibility of apoptosis of thymocyte sub-
sets induced by MTSC4 cells. Thymocytes of DP, CD4SP
and CD8SP subsets were isolated and cocultured in TRC
system with MTSC4 cells for 12 h, then the cells were
stained with Annexin-V-FITC and PI, followed by staining
with anti-CD8α (53-6.7)-PerCP and anti-CD4 (RM4-5)-
APC for 4-color analysis on FACS to determine the
apoptotic cells at different stages and the phenotypes of
the viable cells, (A) DP, CD4SP, CD8SP cells cultured
alone for 12 h; (B) DP, CD4SP, CD8SP thymocytes
cocultured with MTSC4 for 12 h. The right profiles of all
groups represent the phenotypes of viable cells after cul-
ture alone or cocultured with MTSC4.
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of MTSC4 cells and freshly isolated TDCs to induce thy-
mocyte apoptosis using TRC assays.  In order to form
TRC efficiently, 3T3, a fibroblast cell line, was used as
supporting cells. TRCs were established with thymocytes
and 3T3 cells at a ratio of 1:2. When TDCs were added at
a 10% of the total cell number in each TRC, 51% thy-
mocytes became apoptotic after 12 h culture. This was
80% higher than that found in control cultures in the ab-
sence of TDCs. Using the same system, 10% MTSC4
cells had no detectable effect on thymocyte apoptosis;

whereas when 50% MTSC4 cells were added, the per-
centage of apoptotic thymocytes was 53% higher than
that of control cultures. These results demonstrated that
TDCs were at least 5-fold more potent than MTSC4 cells
in the induction of thymocyte apoptosis.

MTSC4 mainly induced DP thymocytes to apoptosis
The FACS sorted three thymocyte subsets of DP,

CD4SP, CD8SP cells were cocultured with MTSC4 in
TRC and the MTSC4 induced thymocyte apoptosis was

Fig 3.  Expression of CD3 on viable and apoptotic DP thymocytes after 12 h in vitro TRC system
cultures with the absence or presence of MTSC4. The viable cells were gated by R1, and the apoptotic
cells gated by R2. (A) DP cells cultured alone; (B) DP cells cocultured with MTSC4. Dotted line,
isotype control; solid line, anti-CD3 (145-2C11)-FITC mAb stained cells. In the DP cells cultured
alone, the CD3 negative, intermediate and high positive cells were 1.8%, 16.4% and 81.8%, respectively.
In the DP cells cocultured with MTSC4, the CD3 negative, intermediate and high positive cells were
11.7%, 25.6% and 62.7%, respectively.

                                      Tab 2.  MTSC4 induced apoptosis of thymocytes isolated from C57BL/6 and C3H mice

       Groups            Cell number (×105 )                                Apoptotic cells (%)                                 Viable cell subsets (%)

              (viable/total)                         Ann-PI-       2Ann+PI-       Ann+PI+    Ann-PI+ CD4+SP   CD8+SP   CD4+8+   CD4-8-

  Thymocytes from C57BL/6 mice
  1Thy (0 h) 3ND ND ND ND ND 15.0 3.5 79.0 2.5
  Thy alone 2.2/2.8 72.5 12.6 11.2 3.7 12.0 3.9 82.1 2.0
  Thy+MTSC4 2.6/3.3 57.3 20.7 12.0 10.0 16.1 5.0 69.6 9.4
  Thymocytes from C3H mice
  Thy (0 h) ND ND ND ND ND 13.0 3.9 80.1 3.0
  Thy alone 2.3/3.0 57.6 12.5 27.8 2.1 12.1 4.0 82.1 1.8
  Thy+MTSC4 2.4/3.4 47.3 20.4 29.2 3.2 12.7 5.0 69.0 14.9

5×105 thymocytes were cocultured with different cell lines at ratio of 1:2. Cells were harvested after 12 h. 1Thy: thymocytes; 2Ann:
Annexin V;  3ND: not done.  A representative experiment of three is shown.
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investigated. The results demonstrated that MTSC4 mainly
induced DP thymocytes apoptosis. In the cocultures with
MTSC4, the percentage of viable DP cells (Annexin V-PI
double negative) decreased from 41.8% to 21.7%,  compar-
ing with the DP cells cultured alone. Surprisingly, 45.2%
of the viable cells ( in DP cells cultured alone, the viable
cells was 98.5%, whereas in the DP cells cocultured with
MTSC4, the viable DP cells were 53.3%) down-regulated
the CD4 and CD8 expression resulted in the enrichment
of DN cells (22.4%) and the generation of CD4SP thy-
mocytes (21.0%) (Fig 2). CD8SP cells were mildly but
substantially induced to apoptosis by MTSC4, and 11.4% of
the cells down-regulated CD8 to DN phenotype.
Meanwhile, the apoptosis of CD4SP cells was not aug-
mented by MTSC4. Importantly, we found that CD3-/intDP
cells induced to apoptosis by MTSC4 were 19.1% higher
compared with that of DP cells cultured alone (calculated
from the data shown in Fig 3).

In striking contrast, TDCs induced both DP and CD4SP
thymocytes to apoptosis, but appeared to have no effect
on CD8SP thymocyte apoptosis (Fig 4).

Induction of thymocyte apoptosis by MTSC4 was
not MHC restricted

A key factor in determining whether thymocytes un-
dergo positive or negative selection is the avidity of its
TCR-mediated specific interaction with peptide/MHC com-
plexes on thymic stromal cells[1, 14, 15]. To test whether
MTSC4 induced thymocyte apoptosis was mediated via
specific interactions of TCR and peptide/MHC complexes,
thymocytes from different strains of mice including C57BL/6

(H-2b) and C3H (H-2k) were reaggregated with MTSC4
cells of BALB/c origin (H-2d), using the same TRC culture
conditions. Surprisingly, MTSC4 cells could also induce
apoptosis of thymocytes from C57BL/6 and C3H mice
with similar efficiency as that from BALB/c mice (Tab 2 ).
The effects of MTSC4 cells on the apoptosis of  thy-
mocytes from mice of different strains, were also mainly
on CD4+8+ thymocyte subset. In contrast, TDCs from
BALB/c mice could not induce the apoptosis of thymocytes
from C57BL/6 mice. The percentage of apoptotic C57BL/6
thymocytes induced by Balb/c TDC in the co-cultures was
43.4%, compared to 47% when thymocytes were cul-
tured alone (data not shown).These results indicated that
MTSC4 induced thymocyte apoptosis in a non-MHC-re-
stricted manner. In order to confirm this finding, we fur-
ther tested whether anti-MHC class I and class II antibodies
could block the thymocyte apoptosis induced by MTSC4
cells. As shown in Fig 5A, mAbs to MHC molecule (both
class-I and II) failed to block the thymocyte apoptosis
induced by MTSC4 cells. In contrast, the thymocyte
apoptosis induced by TDCs was efficiently blocked by
the mAbs against MHC molecules (Fig 5B).

To exclude the possibility that MTSC4 cells might
produce certain factors which could be cytotoxic to
thymocytes, the culture supernatants of MTSC4 alone and
MTSC4 cocultured with thymocytes were collected and
added into the thymocyte cultures. No significant thy-
mocyte apoptosis was induced by the supernatants (data
not shown), indicating that the induction of thymocyte
apoptosis by MTSC4 was not caused by soluble factors,
but required cell-cell contact.

Thymocyte apoptosis induced by MTSC4 was Fas/
FasL independent

MTSC4 cells were shown previously to express FasL
[16]. To test whether thymocyte apoptosis induced by
MTSC4 was Fas/FasL dependent, MTSC4 cells were in-
cubated with anti-FasL Ab (MFL3) for 1 h at 4oC. The
anti-FasL Ab was also added into TRC cultures. Cells were
harvested after 12 h and thymocyte apoptosis was assessed.
As shown in Tab 3, anti-FasL antibody had virtually no
effect on thymocyte apoptosis induced by MTSC4.
Similarly, thymocyte apoptosis induced by TDCs was not
affected by anti-FasL antibody (data not shown).

DISCUSSION
MTSC4, a mouse thymic stroma derived cell line, does

not own the characteristic of  fibroblasts or epithelial cells,
but share some cell surface markers with TDCs, while
lack of CD11c[8, 17].  Our previous studies showed that
upon stimulation with a combination of cytokines, MTSC4

Fig 4.  Thymic dendritic cell-induced apoptosis of thymocyte
subsets. Purified thymocytes of DP, CD4SP, and CD8SP subsets
were cocultured with freshly isolated and purified TDCs in TRC
system with the addition of 3T3 cells to form reaggregation, then,
cultured for 12 h and the cell apoptosis was analyzed on FACS.
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cells up-regulated the expression of MHC class-II and B7.1
(CD80). Although the expression of some surface mol-
ecules is common to DCs, MTSC4 cells are not as effi-
cient antigen presenting cells as DCs[18].  In this study,
we further investigated the capacity of MTSC4 cells to
induce thymocyte apoptosis in comparison with TDCs.

Using TRC assay, we examined the abilities of MTSC4
and its subclone MTSC4-10 in the induction of thymocyte
apoptosis. TDCs and MTEC1, a thymic epithelial cell line,
were used as controls. Annexin V vs PI staining was used
for identifying apoptotic cells at different phases. In order
to determine which thymocyte subsets were affected, the
harvested cells were also stained with anti-CD4 and anti-
CD8 mAbs. The percentage of viable thymocyte popula-
tion was determined by gating for Annexin V-PI- cells. Our

results showed that MTSC4 cells substantially induced
thymocyte apoptosis in TRCs, and the apoptotic cells were
mainly in CD4+8+ thymocyte subset and in a tiny propor-
tion of CD8 SP thymocytes (Fig 1 and Fig 2). Surprisingly,
apart from inducing DP thymocyte apoptosis, MTSC4 cells
were also found to induce down-regulation of CD4 and
CD8 expression that resulted in the enrichment of viable
DN cells and generation of CD4SP thymocytes. The down-
regulation of CD8 molecules also occurred in MTSC4 in-
duced apoptosis of CD8SP thymocytes (Fig 2). These find-
ings imply that MTSC4 cells may have distinct functions
on thymocytes in vitro: to promote thymocyte apoptosis
and induce DP to differentiate into CD4SP thymocytes.
MTSC4 appeared to have no effect on CD4SP cell apop-
tosis, but had minor effect on the promotion of CD8SP

                                Tab 3.  No blocking effect of anti-FasL antibody on thymocyte apoptosis inducted by MTSC4

           Groups                                                                 Apoptotic cells (%)                                    Viable cell subsets (%)
                                                         2Ann-PI-       Ann+PI-       Ann+PI+    Ann-PI+    CD4+SP     CD8+SP     CD4+8+      CD4-8-

1Thy           63.5  9.4 26.4 0.7 10.4 3.2 85.2  1.2
Thy+anti-FasL(10 µg/ml)*           61.4 11.3 26.8 0.5 10.0 3.8 84.9  1.2
Thy+MTSC4           46.0 36.8 15.2 2.1 12.7 3.9 71.9 11.5
Thy+MTSC4+ anti-FasL(10 µg/ml)           44.5 36.6 16.3 2.6 13.7 4.6 71.2 10.5

There were no effects on thymocyte apoptosis by different concentrations (0.5 µg/ml, 2.0 µg/ml and 10 µg/ml) of anti-FasL antibody.
1Thy: thymocytes;  2Ann: Annexin V;  *: it represents the final concentration of anti -FasL. A representative experiment of three is
shown.

Fig 5.  Effect of mAbs to MHC molecules on the blocking of thymocyte apoptosis induced by MTSC4 or
TDCs.  MTSC4 cells were incubated at 4oC with mAbs of anti-MHC class I (1:400) and II (1:100) for 1h, then
the TRC system was set up in the presence of the mAbs for 12h and the proportion of cell apoptosis was
analyzed to determine the Ab blocking effect.  (A) Thymocytes cocultured with MTSC4. 1. thymocytes alone;
2. thymocytes and MTSC4 in the ratio of 1:2;  3. mAbs to MHC molecules were added in the medium of TRC
set up as 2. ( B) Thymocytes cocultured with TDCs. 1. Thymocytes alone;  2. Thymocytes and 3T3 cells in
the ratio of 1:2 and 10% TDCs reaggregated;  3. MAbs to MHC molecules were included in the TRC set up as
2.  A representative experiment of three is shown in both A and B.
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cell apoptosis. These results demonstrate that MTSC4 cells
induced thymocyte apoptosis mainly on DP stage.

TDCs play a key role in thymic negative selection. In
our TRC assay system, TDCs displayed strong ability to
induce thymocyte apoptosis mediated by TCR-self pep-
tide/MHC interaction and blocked by the mAbs to MHC
class I and class II molecules as we had expected. In
comparison with TDCs, MTSC4 cells are at least 5-fold
less efficient in the induction of thymocytes apoptosis.
More importantly, there was a qualitative difference in the
ability to induce thymocyte apoptosis by MTSC4 and
TDCs. The differences are displayed in two aspects: 1)
MTSC4 cell induced thymocyte apoptosis is not MHC
restricted. The apoptosis extent induced by MTSC4  in
thymocytes from different mouse strainsat were similar.
In contrast, TDCs induced thymocyte apoptosis is MHC
restricted. The non-MHC restricted fashion might be ex-
plained by the low expression of MHC class I and class II
on MTSC4.  2) MTSC4 mainly induced apoptosis on DP
thymocytes; Iy contrast, TDCs induced apoptosis in both
DP and CD4SP thymocytes. Apparently, MTSC4 cells in-
duced thymocyte apoptosis was not mediated by the signal
derived from TCR-self peptide-MHC interaction, which is
required for TDCs induced thymocyte apoptosis. Our
assays also excluded the possibility that MTSC4 induced
thymocyte apoptosis might be mediated by soluble factors,
such as TNF-α and steroid hormones which might be
produced by MTSC4 cells. Therefore, cell-cell interaction
is required for MTSC4 cells induced DP thymocyte
apoptosis.

The MTSC4 cell-induced apoptotic process is not acti-
vated by the signal generated from TCR recognition of
self peptide/MHC molecules, but is activated by the un-
known signals generated from stromal-DP thymocyte
interaction, such mechanism may be involved in cell death
caused by ‘neglect’. The ‘neglect’ has been proposed as
the lack of signals for positive selection and resulted in the
majority of cell death in thymus[19]. Whether the cell death
by ‘neglect’ is a simple consequence of no TCR signal
remains controversial. Guo et al found that the lifespan of
CD4+8+ thymocyte in Bcl-x(L)-transgenic mice was
extended, and they concluded that the programmed cell
death of CD4+8+ thymocytes was not simply a consequence
of failed positive selection (20). As around 50% of DP
thymocytes (34% in our assay) do not express TCR, their
death is caused by ‘neglect’. The critical issue of the ar-
gument is if the ‘neglect’caused cell death is a passive
consequence, or an active process initiated by the signals
derived of DP cell-stromal cell interactions. Our experi-
ments have provided evidence that at least part of the
TCRαβ-(CD3-/int) DP thymocyte apoptosis was triggered
by cell-cell interaction. Thereby, thymic stromal cells are

likely to be taken part in the activation of cell death by
‘neglect’.

The results presented here are based on in vitro TRC
assay system. What if the thymic stromal cell-induced
apoptosis of non-MHC restriction pattern really happened
in vivo? With respect to our primary data that a scFv Ab
screened out from human phage-displayed Ab library by
MTSC4 cell line could react with a subset of stromal cells
within mouse thymus. The MTSC4-like cells might be
present in the thymus, and the induction of thymocyte
apoptosis by thymic stromal cells in a non-MHC restric-
tion manner might occur in vivo. Further experiments are
needed to test its authenticity.

A further question is what sort of ligand-receptor inter-
actions trigger cell death by ‘neglect’. There are numerous
co-receptors such as CD4, CD8, CD80, CD86, CD40,
adhesion molecules such as LFA-1, ICAM-1[21, 22], and
other molecules which were reported to provide co-stimu-
latory signals to augment the TCR-peptide-MHC signal for
the activation of programmed cell death[2, 23, 24]. We
show here that Fas/FasL is not involved in the apoptosis
induced by MTCS4, and anti-CD40 mAb could not inter-
fere with the MTSC4 induced thymocyte apoptosis (data
not shown). Further investigation on molecules that may
be involved in MTSC4 induced thymocyte apoptosis is
worthwhile. It may help us to more deeply clarify some
aspects in thymic negative selection.
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