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Effects of Allogeneic Hematopoietic Stem Cell Transplantation
Plus Thymus Transplantation on Malignant Tumors:
Comparison Between Fetal, Newborn, and Adult Mice

Yuming Zhang,'>" Naoki Hosaka,"* Yunze Cui®* Ming Shi® and Susumu Ikehara®

We have recently shown that allogeneic intrabone marrow-bone marrow transplantation + adult thymus trans-
plantation (TT) is effective for hosts with malignant tumors. However, since thymic and hematopoietic cell
functions differ with age, the most effective age for such intervention needed to be determined. We performed
hematopoietic stem cell transplantation (HSCT) using the intrabone marrow method with or without TT from
fetal, newborn, and adult B6 mice (H-2") into BALB/c mice (H-29) bearing Meth-A sarcoma (H-2%). The mice
treated with all types of HSCT + TT showed more pronounced regression and longer survival than those treated
with HSCT alone in all age groups. Those treated with HSCT + TT showed increased numbers of CD4" and CD8"
T cells but decreased numbers of Gr-1/Mac-1 myeloid suppressor cells and decreased percentages of FoxP3 cells in
CD4" T cells, compared with those treated with HSCT alone. In all mice, those treated with fetal liver cell (as fetal
HSCs) transplantation + fetal TT or with newborn liver cell (as newborn HSCs) transplantation (NLT) + newborn
TT (NTT) showed the most regression, and the latter showed the longest survival. The number of Gr-1/Mac-1 cells
was the lowest, whereas the percentage of CD62L"CD44" effector memory T cells and the production of interferon
v (IFN-v) were highest in the mice treated with NLT 4+ NTT. These findings indicate that, at any age, HSCT + TT is

more effective against cancer than HSCT alone and that NLT + NTT is most effective.

Introduction

LLOGENEIC BONE MARROW transplantation (BMT) has
been used to treat not only leukemias, immuno-
deficiencies, and autoimmune diseases but also solid malignant
tumors [1,2], as the graft versus tumor effect induced by its
alloreactivity can be anticipated in the case of malignant tu-
mors. Although donor lymphocyte infusion is used for this
purpose [3,4], graft versus host disease (GVHD), which is one of
the major lethal side effects of allogeneic BMT, may occur [5,6].
We have recently developed a new BMT method, in-
trabone marrow (IBM)-BMT, in which bone marrow cells
(BMCs) are directly injected into the bone marrow cavity [7].
IBM-BMT results in a reduced incidence of GVHD and
greater engraftment of donor cells, including mesenchymal
stem cells, than the conventional intravenous method [8,9].
We have also developed a BMT method in conjunction
with thymus transplantation (TT). The combination of BMT
and TT is effective in restoring donor-derived T cell function
in aged, chimeric-resistant, tumor-bearing, supralethally
irradiated, and low-dose irradiated mice and also in mice

injected with a small number of BMCs [10-13]. We have
further demonstrated that IBM-BMT +TT is effective for
tumor regression and long-term survival [14,15].

However, hematopoietic cell and thymic functions differ
with age. The proliferative activity of T cells from the fetal
and newborn thymus is much higher than in those from
adults [16,17], whereas the level of cytokine production in-
creases with age [18]. In this regard, we have recently found
that supralethally irradiated mice are rescued by [newborn
liver cell transplantation (NLT) +newborn TT (NTT)] more
efficiently than by [BMT + adult TT (ATT)] or [fetal liver cell
transplantation (FLT) + fetal TT (FTT)] [12]. In the present
study, we investigated the most effective donor age for
[hematopoietic stem cell transplantation (HSCT)+TT] for
tumor-bearing hosts.

Materials and Methods
Mice

Female 6- to 8-week-old, newborn (<48 h after birth), and
fetal day-16 C57BL/6 (B6) (H-2°) and BALB/c (H-2%) mice
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were obtained from Shimizu Laboratory Supplies and
maintained until use in our animal facilities under specific
pathogen-free conditions. All protocols for these animal ex-
periments were performed in accordance with the Guidelines
for Animal Experimentation, Kansai Medical University,
and received approval from the Committee of Animal
Experiments.

Cell lines

Meth A cells (H-2%) were derived from methylcholan-
threne-induced sarcomas in BALB/c mice [14]. Cells were
maintained in RPMI 1640 medium supplemented with 10%
fetal calf serum with antibiotics.

Inoculation of tumor cells

One day before the inoculation of tumor cells, the recipi-
ents (BALB/c mice) underwent total-body irradiation (3 Gy)
using a 137Cs irradiator (Gammacell 40 Exactor; MDS Nor-
dion International). The next day, 2x10° Meth A cells were
subcutaneously inoculated into the right flank of these mice.

HSCT and TT

Recipient BALB/c mice with tumors were irradiated
(8 Gy) using the'¥Cs irradiator 1 day before HSCT. The next
day, these mice were injected with 1x10” B6 HSCs using the
IBM-BMT method. Briefly, single-cell suspensions (1 x107)
were directly injected into the bone marrow cavity of the
tibia [7]. BMCs were collected from the femurs and tibias of
6- to 8-week-old B6 mice. Newborn and fetal livers were
obtained from the mice. Single-cell suspensions as newborn
liver cells and fetal liver cells were prepared for use of HSCs
[10]. For TT, AT, NT, and FT tissues were obtained from mice
of the above ages. One quarter of the AT, or one NT or one
FT, were simultaneously transplanted under the renal cap-
sule in some recipients with HSCT. TT alone was also per-
formed in other mice.

Histology

Histological studies were performed in the liver, intestine
(for evaluation of GVHD), and engrafted thymus from the
recipients 4 weeks after the BMT. The tissues were fixed in
10% formaldehyde and embedded in paraffin. Serial tissue
sections (4um thick) were prepared and stained using
hematoxylin and eosin.

Analysis of surface marker antigens
and intracellular FoxP3 and cytokines
by flow cytometry

Surface markers on lymphocytes from the spleen were
analyzed by 3-color fluorescence staining using a FACScan
system (BD Pharmingen, Franklin Lakes, NJ). Fluorescein
isothiocyanate (FITC)-conjugated anti-H-2K” (BD Pharmin-
gen) mAbs and phycoerythrin (PE)-conjugated anti-H-2K¢
mADbs were used to determine chimerism. FITC, PE, or biotin-
conjugated CD4, CDS, B220, Gr-1, CDl1b, CD44, or CD62L
(BD Pharmingen) were used to analyze spleen cell subsets.
Avidin-PE-Cy5 (Dako) was used as the third color in the
avidin/biotin system. Intracytoplasmic FoxP3 staining was
performed using an eBioscience FITC-anti mouse/rat FoxP3
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staining set in accordance with the manufacturer’s instruc-
tions (eBioscience, San Diego, CA). Intracellular cytokines
[interleukin 2 (IL-2), IL-4, IL-10, IL-17, interferon vy (IFN-vy), and
tumor necrosis factor] were detected using an Intracellular
Cytokine Staining Kit in accordance with the manufacturer’s
instructions (Becton Dickinson).

Mitogen responses

To analyze lymphocyte function, mitogen responses were
examined in chimeric mice 2 months after the transplantation.
For mitogen response, a total of 2x 10° splenocytes collected
from chimeric mice and nontreated B6 and BALB/c mice as
responders were plated in 96-well flat-bottomed plates (Corn-
ing Glass Works, Corning, NY) containing 200 pL of RPMI1640
medium (Nissui Seiyaku, Tokyo, Japan) supplemented with
2 uL of glutamine (Wako Pure Chemicals, Osaka, Japan), pen-
icillin (100U/mL), streptomycin (100 pg/mL), and 10% heat-
inactivated fetal calf serum. For mitogen responses, responder
cells were incubated with 2.5 ug/mL of concanavalin A (ConA)
(Calbiochem, San Diego, CA) or 25 ug/mL of lipopolysaccha-
ride (LPS) (Difco Laboratories, Sparks, MI) for 48 or 72h.
During the last 18 h of the culture period, 20 mL of 0.5 pCi *H-
thymidine CH-TdR; New England Nuclear) was introduced.
Incorporation of *H-TdR was measured using Microbeta Tri-
Lux (PerkinElmer, Waltham, MA). The stimulation index was
calculated as the average of *H-TdR incorporation in triplicate
samples of responding cells with mitogen/*H-TdR incorpora-
tion of responding cells in medium alone.

Statistical analyses

Nonparametric analyses (Mann-Whitney U-test and log
rank-test) were performed using StatView software (Abacus
Concepts). Values of P <0.05 were considered statistically
significant.

Results
Chimerism and tumor size

To examine the effects of HSCT 4 TT from various ages in
tumor-bearing hosts, we performed BMT (n =8), BMT + ATT
(n=10), NLT (n=10), NLT +NTT (n=38), FLT (n=10), or
FLT +FIT (n=8) in mice-bearing Meth-A sarcomas mea-
suring >0.5 cn’. All mice treated with HSCT showed donor
BMC-derived chimerism (data not shown). In analyses of
tumor size, all of the mice treated with HSCT showed sig-
nificant tumor regression compared with the nontreated
controls (n=9) (Fig. 1A, B). Interestingly, the tumors were
significantly smaller in the mice treated with HSCT +TT
than in those treated with HSCT alone in all age groups (Fig.
1B). The mice treated with either NLT + NTT or FLT + FIT
showed the greatest degree of tumor regression (Fig. 1A).

Survival period

We also examined the survival period (Fig. 1C). As ex-
pected, nontreated control mice bearing tumors showed the
shortest survival period. Similar to tumor size, survival in
the mice treated with HSCT+TT was significantly pro-
longed compared with those treated with HSCT alone in all
age groups. However, in contrast to tumor size, mice treated
with NLT + NTT showed the longest survival, followed by
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FIG. 1. Tumor size and sur-
vival rate in tumor-bearing
mice treated with hematopoi-
etic stem cell transplantation
(HSCT) and thymus trans-
plantation (TT) from various
ages. Tumor size (A, B: repre-
sentative data) and survival
rate (C) are shown in tumor-
bearing mice treated with
bone marrow transplantation
(BMT), BMT + adult TT (ATT),
newborn liver cell transplanta-
tion (NLT), NLT+ newborn
TT (NTT), fetal liver cell trans-
plantation (FLT), FLT 4 fetal
TT (FTT), and nontreated con-
trols. *P < 0.03 compared with
BMT, BMT + ATT, NLT, NLT
NTT, FLT, and FLT+FIT.
**P<0.03 compared with

BMT + ATT, NLT + NTT, and
MY NN FLT +FTT. **P<0.03 com-
pared with NLT+NTT and
FLT+FIT. *P<0.04 com-
pared with nontreated con-
trol, BMT, BMT + ATT, NLT,
FLT, and FLT + FTT. #P < 0.02
compared with nontreated
control and BMT, BMT + ATT,
NLT, and FLT. *P<0.01
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10 20 30 40 50 60 70 80 i compared with nontreated
. FLT FLT+FTT control and BMT. ###Pp < 0.001
Days after transplantation compared with nontreated
control. Nontreated (1=9),
BMT (n=8), BMT+ ATT (n=10), NLT (n=10), NLT+NTT (n=8), FLT (n=10), FLT+FTT (n=8). Data are shown as
means =+ standard deviation (SD). Double-headed arrows show tumor size.

those treated with FLT 4 FTT, and then those treated with  The size was smallest in ATT, followed by NTT, but largest
BMT + ATT. All the mice treated with TT alone from any age in FIT (Fig. 2). Histologically, although both the cortex and
died within 3 weeks after transplantation. medular areas were clearly shown, the ratio of cortex/
medulla in TT was also smallest in ATT, followed by NTT,
but largest in FIT. In analyses of thymocyte subsets, the
highest percentage of CD4" or CD8" single-positive thy-

We next analyzed the thymus of the mice treated with mocytes was observed in ATT, followed by NTT, but lowest
HSCT +TT from various ages 4 weeks after transplantation. in FTT. Conversely, the percentages of CD4" and CD8"

Analyses of TT

tological findings and FACS
profiles of thymocytes in the
transplanted thymus from
tumor-bearing mice treated
with HSCT and TT from vari-
ous ages. Histological findings
(upper panels, HE staining) and
the FACS profiles of CD4" and
CD8" cells in thymocytes (lower
panels) from the transplanted
thymus in tumor-bearing mice
treated with BMT + ATT,
NLT+NTT, or FLT+FIT
(lower panels). Plain arrows, cor-
tex; dotted arrows, medulla.
Representative data from 4 ex-
periments are shown.

BMTH+ATT NLTHNTT FLTH+FTT FIG. 2. Macroscopic and his-
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double-positive and CD4  and CD8  double-negative thy-
mocytes were lowest in ATT, followed by NTT, but highest
in FTT.

Analyses of lymphocyte subsets

We investigated donor-derived lymphocyte subsets in
the spleen 4 weeks after transplantation in the mice treated
with HSCT and 3 weeks in the nontreated controls due to
early death. The number of CD4" T cells significantly in-
creased in the mice treated with HSCT + TT compared with
those treated with HSCT alone at all ages (Fig. 3A). The
numbers were highest in the mice treated with either
NLT + NTT or FLT + FIT and were comparable to those of
normal B6 mice. Those treated with BMT showed the low-
est, although the analysis day was different from that of
nontreated control. The results of CD8" T cells were similar
to those of CD4"™ T cells except that, at all ages, they were
lower than those of normal B6 mice.

The percentage of FoxP3" cells in CD4" T cells, which
reflects the immunosuppressive activity [19], was the highest
in the nontreated controls (Fig. 3B). The percentage of cells
significantly decreased in the mice treated with HSCT +TT
compared with those treated with HSCT alone in all age
groups. However, the percentage was not different between
the ages, and the level in the mice treated with HSCT +TT
was comparable to that in normal B6 mice.

FIG. 3. Numbers of cells in
the spleen from tumor-bearing

>
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The number of Gr-1/Mac-1 myeloid suppressor cells,
which are induced in hosts bearing cancer and inhibit im-
mune function [20,21], was highest in nontreated control
mice (Fig. 3D). It significantly decreased in the mice treated
with HSCT +TT compared with those treated with HSCT
alone, in all age groups. Interestingly, the mice treated with
FLT or FLT + FTT showed the highest number of cells among
the groups for HSCT or HSCT + TT. As expected, normal B6
mice showed only a few of these cells.

Analyses of proportions of effector, central memory,
and naive T cells

T cells can be functionally divided into CD62L CD44"
naive T cells and CD62L"CD44" central memory (CM) and
CD62L CD44" effector memory (EM) cells from prestimu-
lation to terminal differentiation [22,23]. We, therefore, ex-
amined the proportion of these cells in both CD4 and CD8
subsets of T cells (Fig 4). The nontreated control mice showed
a significant elevation of EM T cell number but a reduced
number of CM T cells in both subsets compared with B6
mice. Interestingly, the mice treated with HSCT +TT also
showed significant elevation of EM T cells but a reduction of
CM T cells, compared with those treated with HSCT alone.
Among all mice, those treated with NLT + NTT showed the
highest % of EM T cells and the lowest % of CM T cells in
both subsets.

mice treated with HSCT and
TT from various ages. Num-
bers of CD4" T cells (A), per-
centage of FoxP3™ cells in
CD4" T cells (B), numbers of
CD8" T cells (C), and Gr-1/
CD11b cells (D) in the spleen
were evaluated in tumor-
bearing mice treated with
BMT, BMT+ATT, NLT,
NLT +NTT, FLT, or FLT+
FTT, nontreated controls, or

No. of CD4* T cells (X108)

(4]
o

B6 mice. The experiments

were performed 4 weeks after
transplantation in the mice
treated with HSCT and 3
weeks in the nontreated con-
trols because of early death.
*P <0.05. *P < 0.05 compared
with nontreated control, BMT,
BMT + ATT, NLT, or FLT.
#P<0.03 compared with
BMT. P < 0.05 compared with
nontreated  control, BMT,
BMT + ATT, NLT, NLT+
NTT, FLT, FLT+FTT, or B6
mice. 58P <0.05 compared

No. of CD8* T cells (X10%) )

with BMT + ATT, NLT + NTT, FLT + FTT, or B6 mice. TP < 0.02 compared with nontreated control, BMT, BMT + ATT, NLT,
NLT +NTT, FLT, or FLT + FTT. 1P < 0.05 compared with BMT, BMT + ATT, NLT, NLT + NTT, or FLT. %P < 0.05 compared
with BMT, or NLT. "P <0.05 compared with BMT, BMT + ATT, NLT, NLT +NTT, FLT, FLT + FIT, or B6 mice. P <0.05
compared with BMT, BMT + ATT, NLT, NLT 4 NTT, FLT + FTT, or B6 mice. """P <0.05 compared with BMT + ATT, NLT

NTT, or B6 mice. """"P <0.05 compared with B6 mice. Nontreated (1n=4), BMT (n=4), BMT + ATT (n=4), NLT (n=5),
NLT + NTT (n=4), FLT (n=5), FLT 4+ FIT (n =4), B6 mice (n =4). Data are shown as means + SD.
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A 100 FIG. 4. Proportions of effec-
tor memory (EM), central

i memory (CM), and naive T

2 80 cells from tumor-bearing
] mice treated with HSCT and
~ 60 TT from various ages. Percen-
S tages of CD62L."CD44" EM,
O 404 CD62L"CD44" CM, and
f—, CD62L CD44 naive T cells in
= CD4" (A) and CD8" (B) sub-
g sets were analyzed in the
o spleens from tumor-bearing
% [JEMcells  mice treated with BMT, BMT-
Il CM cells ATT, NLT, NLT +NTT, FLT,

B 100 [Naivecells or FLT +FIT, or nontreated
control, or B6 mice. Analyses

” were performed at the same
5 time for the experiment of
& Fig. 3. *P<0.05. *P<0.05
@ compared with nontreated
] control, BMT, BMT+ ATT,
= NLT, FLT, FLT +FTT, or B6
@ mice. "P<0.03 compared
3 with B6 mice. SP<0.03 com-
s pared with nontreated control,
2 BMT, BMT+ ATT, NLT, or

NLT +NTT, FLT, or FLT+
FTT. 5P < 0.03 compared with
BMT + ATT, or NLT + NTT.
S5p<0.03 compared with
NLT+NTT. 'P<0.03 com-

pared with nontreated control, BMT, BMT + ATT, NLT, FLT, FLT +FTT, or B6 mice. P <0.03 compared with nontreated
control and B6 mice. TP < 0.03 compared with B6 mice. P <0.03 compared with nontreated control, BMT, BMT + ATT, NLT,
NLT +NTT, FLT, or FLT + FTT. 9P < 0.03 compared with BMT + ATT, NLT +FTT, or FLT + FTT. Nontreated (n =4), BMT
(n=4),BMT + ATT (n=4), NLT (n =5), NLT + NTT (n =4), FLT (n =5), FLT + FTT (n =4), and B6 mice (1 = 4). Data are shown

as means + SD.

Analyses of lymphocyte function
and cytokine production

Finally, we examined lymphocyte function by monitoring
mitogen response (ConA for T cells and LPS for B cells) and
cytokine production. The mice treated with HSCT +TT
showed a significantly elevated response to ConA but not
LPS, compared with those treated with HSCT alone and
with the nontreated controls, although the levels did not
reach those of normal B6 mice (Fig. 5A). The stimulator
index in mice treated with either FLT + FTT or NLT + NTT
was significantly higher than in those treated with BMT +
ATT.

The mice treated with HSCT 4 TT showed significantly
elevated production of IL-2 and IFN-y compared with those
treated with HSCT alone (Fig. 5B). However, the produc-
tion of IL-2 did not significantly differ between those
treated with HSCT +TT in all age groups, and the levels
were comparable to that in normal B6 mice. In contrast, the
production of IFN-y was highest in the mice treated with
NLT +NTT, and the levels were comparable to that in
normal B6 mice. IL-4, IL-10, IL-17, and tumor necrosis
factor levels were almost undetectable and did not correlate
with any clinical findings (survival and tumor regression).
The above results are summarized in Table 1. Those treated
with NLT +NTT showed the highest T cell numbers and
functions.

Discussion

In the present study, we have examined the effects of al-
logeneic HSCT +TT from various ages on tumor-bearing
hosts. Although the mice treated with all types of HSCT +TT
showed more tumor regression with prolonged survival
compared with those treated with HSCT alone, those treated
with NLT +NTT or FLT +FTT showed the best regression.
The mice treated with NLT + NTT showed a longer survival
period than those treated with FLT 4 FTT. Those treated
with all types of HSCT + TT showed higher numbers of both
CD4" and CD8" T cells and percentage of EM cells and a
lower number of Gr-1" /CDI1b" myeloid suppressor cells and
percentage of FoxP3"/CD4 T cells than those treated with
HSCT alone. Interestingly, those treated with NLT + NTT
showed the highest T cell numbers and lowest suppressor
cell numbers. These findings indicated that HSCT+TT is
effective for hosts with cancer and that the combination of
NLT + NTT is best at all ages.

Although the mice treated with HSCT+TT showed
greater tumor regression with more prolonged survival than
those treated with HSCT alone, these results differed ac-
cording to ages. In all age groups, FLT 4+ FTT or NLT 4+ NTT
showed the best results, and the latter showed the longest
survival period. Since there were no differences with HSCT
alone in any age group, the transplanted thymus may also
play an important role. Although the liver stem cells may
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FIG. 5. Mitogen responses
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and percentages of cytokine-
producing cells in the spleens
from  tumor-bearing  mice
treated with HSCT and TT
from various ages. Mitogen
responses: concanavalin A
(ConA) and lipopolysaccharide
(LPS) (A) and percentages of
cytokine-producing cells (B) in
the spleen were evaluated in the
spleens from tumor-bearing
mice treated with BMT, BMT

-y
4]

Stimulatory index
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B LPS

ATT, NLT, NLT+NTT, FLT,

or FLT+FTT, or nontreated
control, or B6 mice. Analyses
were performed at the same
time for the experiment of
Fig. 3. *P < 0.05. *P < 0.03 com-
pared with nontreated control,
BMT, BMT + ATT, NLT, NLT
NTT, FLT, or FLT+FTT.
#p < 0.03 compared with non-
treated control, BMT, BMT +
ATT, NLT, or FLT. P < 0.03
compared with nontreated
control, BMT, NLT, or FLT.
"P<0.03 compared with non-
treated control, BMT, or NLT,
or FLT. 5P<0.03 compared
with nontreated control, BMT,
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BMT + ATT, NLT, FLT, or FLT + FIT. 5P < 0.05 compared with nontreated control, BMT, NLT, or FLT. Nontreated (1 =4), BMT
(n=4), BMT + ATT (n=4), NLT (n=5), NLT+ NTT (n=4), FLT (n=5), FLT + FIT (n=4), B6 mice (1 =4). Data are shown as

means =+ SD.

influence the results in FLT and/or NLT compared with
BMT, the transplanted thymus plays a critical role in the
further effects with the elevated T cell function.

We, therefore, analyzed the transplanted thymus. Inter-
estingly, although ATT grafts showed some atrophic features
after transplantation, FTT grafts showed marked growth,
and NTT grafts showed intermediate growth. Similarly,
CD4" and CD8" subsets in the thymocytes of ATT grafts
shifted to being relatively mature, whereas those in FTT

grafts shifted to being relatively immature, and those in NTT
grafts were intermediate. These findings suggested that their
characteristics of age-related proliferative activity and ma-
turity may also reflect the transplanted thymus. This may
also influence the number, pheno type and function of
splenic T cells, as discussed later.

We next analyzed lymphocyte subsets in the spleen from
all chimeric mice. The numbers of both CD4" and CD8" T
cells significantly increased in the mice treated with HSCT

TABLE 1. SUMMARY OF DAaTta IN ALL GrROUPS?

Factors BMT BMT + ATT NLT NLT +NTT FLT FLT+FTT
CD4 T cells ! - - 7 - 1
CDS8 T cells i} - - 1 1 "
% of FoxP3 in CD4 T cells l 1! ! I ! )
Gr-1/Mac-1 ) W ) W ! )
% of EM CD4 T cells - 1 - " - T
% of EM CD8 T cells 1 1 i " 1 il
ConA — 1 - " - i
IL-2 - 7 - 7 - T
IFN-y - 7 - " - T

?Compared with nontreated controls. », no change; 1, mild increase, 11, moderate increase; 111, strong increase; |, mild decrease; ||,

moderate decrease; |||, strong decrease.

ATT, adult thymus transplantation; BMT, bone marrow transplantation; ConA, concanavalin A; EM, effector memory; FLT, fetal liver cell
transplantation; FTT, fetal thymus transplantation; IFN-y, interferon v; IL-2, interleukin 2; NLT, newborn liver cell transplantation; NTT,

newborn thymus transplantation.
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TT, compared with those treated with HSCT alone. The mice
treated with FLT +FTT or NLT + NTT showed the highest
numbers, suggesting that these T cells may play an impor-
tant role in prolonging survival and tumor regression. The
elevated T cell number may be related to the high prolifer-
ative activity of NT or FT. The percentage of FoxP3" cells in
CD4" T cells significantly decreased in the mice treated with
HSCT +TT, compared with those treated with HSCT alone,
and the levels were almost the same in all age groups. These
findings indicated that FoxP3 CD4" effector cells are domi-
nantly supplied from TT grafts compared with FoxP3*CD4"
regulatory T cells in the allo-environment [14]. However, the
level was no less than that in normal mice. Since the low
level of regulatory T cells was strongly associated with the
induction of GVHD [19,24], the relatively elevated levels in
the mice treated with HSCT + TT may lead to the prevention
or inhibition of GVHD but not of graft versus tumor [25].
Therefore, we did not observe any obvious findings of
GVHD in any of the mice treated with HSCT +TT in this
study, although some GVHD and a related loss of
FoxP3"CD4" regulatory T cells were found in the intensive
regimen of a previous study [14].

We have also found that the number of Gr-1/CD11b
myeloid suppressor cells is also significantly reduced in mice
treated with HSCT +TT compared with those treated with
HSCT alone, as previously reported [15]. This may also
contribute, at least in part, to the longer survival in the for-
mer group compared with the latter. However, the mice
treated with FLT or FLT+FIT showed the highest cell
numbers of myeloid suppressor cells in the HSCT or
HSCT + TT groups. Since the tumor burden was the same in
both NLT + NTT and FLT + FTT [26] and it induces the cells,
the greater number of myeloid suppressor cells in fetal liver
cells should be responsible for the difference in survival.

The percentages of EM T cells, which were derived from
CM cells with terminal differentiation and had the strongest
immune activity [22,23], increased in all mice with tumors, in
contrast to those without tumors. In addition, the mice
treated with HSCT + TT also showed a higher percentage of
EM cells than those with HSCT alone. Therefore, the eleva-
tion of cell numbers may also be partially induced from TT.
Interestingly, the percentage of EM cells was highest in
NLT +NTT in both CD4 and CD8 T cell subsets. Although
the detailed mechanism remains unknown, the T cells from
NTT were more proliferative than ATT and more functional
than FTT, and this may have led to the high expansion ac-
tivity of these cells.

The mice treated with HSCT +TT showed significantly
greater T cell function (ConA response) than those treated
with HSCT alone or the nontreated controls. The mice trea-
ted with either FLT 4 FTT or NLT +NTT showed the great-
est ConA response. However, it should be noted that IFN-y
production in those treated with NLT +NTT was highest
among all the mice in the present study. This may have been
because of the low numbers of Gr-1/Mac-1 cells and/or high
numbers of EM T cells, in which IFN-y is produced at the
highest levels in these mice [18,22].

Thus, the results of the present study indicated that ad-
ditional TT is effective in HSCT from all ages in tumor-
bearing hosts and that the combination of NLT + NTT shows
the greatest effect. This may have led to the highest T cell
function with high levels of IFN-y production in these mice.
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Although the detailed mechanism is still unknown and
needs further study, the thymocytes from the day-16 FT
showed a high proliferative activity with little T cell receptor
expression, whereas those from the AT showed a low pro-
liferative activity with steady T cell receptor expression [27].
Those from NT may have an intermediate character, a rela-
tive high proliferative activity with specific responses, lead-
ing to a favorable effect for the tumor regression and
prolonged survival.

Although ethically and technically it may be difficult to
obtain newborn human thymus tissue from various donor
ages, such tissue could be obtained from patients with con-
genital heart disease or from aborted fetuses, as previously
discussed [28,29]. In addition, we have very recently found
that third-party FT can be used to induce tolerance, although
it is limited in hosts with low thymic function [30]; otherwise,
the grafted thymus should be rejected. In addition, a method
of regenerating the thymus has also been developed [31-34].
These findings suggest that HSCT + TT will become a viable
strategy for the treatment of malignant tumors in humans.
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