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In vitro Expansion of Natural Regulatory T Lymphocytes Useful for
Cell Therapy in Allotransplantation
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Immunotherapy with regulatory T lymphocytes is considered to be an attractive new therapeutic modality to prevent

allograft rejection. The success of this new therapy is critically dependent on the preparation of highly effective and

enough number of regulatory T cells. Here, we tried to establish a proper strategy for the ex vivo expansion of regulatory
T cells and evaluated their characteristics. CD4'CD25™CD62L" T cells were isolated from the recipient mice and
weekly stimulated with various stimuli in the presence of IL-2. The most efficient protocol for the expansion of

regulatory T cells maintaining Foxp3 expression and regulatory activity was the three cycles stimulation with donor
bone marrow-derived dendritic cells (BM-DCs) which yielded around 400 fold expansion of regulatory T cells. The in

vitro-expanded regulatory T cells expressing lymph node homing receptors on their cell surface, were composed of

polyclonal population, and did not acquire the ability to produce effector cytokines. Importantly, these expanded

regulatory T cells induced a modest prolongation of skin allograft survival when combined with transient T cell depletion

in recipient mice. These data indicate that our protocol could be used to obtain an effective population of natural

regulatory T cells available for the regulatory T cell therapy to prevent allograft rejection.
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Figure 1. Isolation of nTreg cells. CD4" T cells were isolated from spleen/LN cells of normal C57BL/6 mice using MACS CD4" T cell
isolation kit, and then they were stained with FITC-CD4, PE-CD25, and PE-Cy5-CD62L. CD4'CD25™CD62L" T cells were purified by
FACSorting. The expression of Foxp3 was determined by mtracellular staining with APC-anti-Foxp3 Ab.
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Figure 2. Ex vivo expansion of nTreg cells. Purified nTreg cells were weekly stimulated with allo-APCs or anti-CD3 & CD28-coated
beads in the presence of 500 U/ml rIL-2. At the end of each stimulation cycles, viable cells were harvested and counted to calculate the
expansion fold. The percentage of Foxp3-expressing cells was determined by intracellular staining with specific Ab. The suppressive activity
of cultured nTreg cells was examined by their ability to inhibit the proliferation of responder T cells in MLR.
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Figure 3. Expression level of Foxp3 mRNA after repeated in
vitro stimulation. The amount of Foxp3 mRNA in nTreg cells at
the end of each stimulation cycles (black bar; None) or one day
after restimulation (gray bar; Act) with allogeneic BM-DCs was
determined by real-time RT-PCR. Foxp3 levels are shown relative
to that observed in nTregs at the end of first stimulation cycle.
N.D. represents 'not determined'; the recovered cell number of Tregs
was not enough to perform the experiment after first stimulation
culture.

76.6%

sl s e

Isotype Control

10° 10" 102 10* 10t 10% 10" 10?2 10° 104

CD62L

CCR7

Isctype Control

CD4

Figure 4. Expression of lymph node homing receptors in in
vitro-expanded nTreg cells. In vitro-expanded nTreg cells by three
cycles of stimulation with allogeneic BM-DCs were stained with
specific and control antibodies. Percentage of CD62L and CCR7
positive cells is shown in each corresponding quadrant.
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Figure 5. The absence of effector cytokine secretion from in
vitro-expanded nTreg cells. The cytokine secretion was examined
by intracellular cytokine staining with each cytokine-specific anti-
bodies after restimulation of cells with PMA and ionomycin. Tresp
line was prepared from CD4'CD25™ T cells after repeated stimu-
lation with allogeneic BM-DCs using the same protocol as used in
Treg cell expansion. Gray filled and black line histogram represent
isotype control antibody and cytokine specific antibody-stained
cells, respectively.
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Figure 6. TCR Vp chain usage of nTreg cells. Naive or in vitro-expanded nTreg cells by three rounds of stimulation were stained with
FITC-conjugated mAbs which recognize mouse VP chains. The percent of cells having specific TCR VB chain among total CD4" T cells
was displayed. The stimuli used in each cycles of stimulation were shown in the right parenthesis of each graph.
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Figure 7. The therapeutic effect of in vitro-expanded nTreg cells
on skin allograft survival. In vitro- expanded nTreg cells (1 < 107/
mouse) were intravenously injected prior to engraftment of skin
on the same day and one more time 2~3 days after skin grafting. In
some recipient mice, endogenous T cells were transiently depleted
by the administration of depleting anti-CD4 and anti-CD8 mAbs
14 days prior to receiving skin allograft. MHC fully mismatched
skin grafting (BALB/c — C57BL/6) was conducted in recipient
mice without any manipulation (None), or with either adoptive
transfer of nTreg or transient lymphodepletion alone, or together.
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