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The maintenance of memory CD4 T cells is crucial for the establishment of immunological memory.
The Polycomb (PcG) and Trithorax group (TrxG) genes control key developmental regulators such as the
homeobox genes, and these two antagonize each other in the same developmental processes. Recently,
PcG gene Bmil has been found to control memory Th1/Th2 cell survival and TrxG gene MLL is to control
the maintenance of memory Th2 cell function selectively. Therefore, in memory CD4 T cells, PcG and TrxG

genes appear to control distinct processes in a distinct manner, which indicates a novel regulatory feature

of the PcG/TrxG genes.

© 2009 Eisevier Ltd. All rights reserved.

1. Introduction

After antigen recognition by TCR, naive CD4 T cells undergo
clonal expansion and become functionally polarized effector Th
cells, such as Th1 and Th2 cells within a few weeks. After antigen
clearance, however, most of the effector Th1/Th2 cells are thought
to undergo apoptotic cell death during a period known as the con-
traction phase [1,2]. Some of the effector cells, however, escape
cell death, differentiate into memory type Th1/Th2 cells and sur-
vive for a long time in vivo (memory phase) [3-5]. Various cellular
and molecular processes are required for the successful differenti-
ation and maintenance of functional memory type Th1/Th2 cells;
cell survival/escape from cell death and proliferation/homeostatic
proliferation at both contraction and memory phases, and the main-
tenance of Th1/Th2 cell function at memory phase [5]. The idea of
memory stem cells is also considered, but this has not been exper-
imentally addressed very well.

The Polycomb group (PcG) gene products are reported to local-
ize in the nucleus as heterogeneous multimeric protein complexes
and they appear to maintain, through silencing mechanisms, early
determined gene expression patterns of key developmental reg-
ulators such as the homeobox genes both in invertebrates and
vertebrates (reviewed in [6,7]). The PcG gene Bmil has recently
been implicated in the maintenance of hematopoietic [8,9], neu-

Abbreviations: PcG, Polycomb group; PRC, Polycomb repressive complex; TrxG,
Trithorax group; Tg, transgenic.
* Corresponding author at: Department of Immunology (H3), Graduate Schoo! of
Medicine, Chiba University, 1-8-1 Inchana, Chuo-ku, Chiba 260-8670, Japan.
Tel.: +81 43 226 2200; fax: +81 43 227 1498.
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ral [10] and cancer stem cells [11]. The Trithorax group (TrxG) gene
products are known to antagonize the effect of PcG gene productsin
the early developmental processes, and control nuclear regulatory
mechanisms that establish the epigenetic transcriptional memory
2],

This review focuses on the recently identified molecular mech-
anisms by which PcG and TrxG gene products directly control the
differentiation and the maintenance of functional memory CD4
T cells. A distinct view of the mode of regulation by PcG/TrxG
gene proeducts from that in the early developmental processes has
emerged.

2. Establishment of an experimental system for the
molecular analysis of memory Th cells

One of the difficulties in studying the molecular events oper-
ating in memory Th cells is the limitations in the preparation of
substantial numbers of antigen-specific memory Th cells generated
in vivo. To overcome this issue, an in vivo experimental system was
established in which antigen-specific memory Th1 and Th2 cells
are generated and maintained quite efficiently [13]. In brief, naive
CD4 T cells from DO11.10 OVA-specific TCR transgenic (Tg) mice
are stimulated with a specific OVA peptide plus APC for 5 days in
vitro under either Th1 or Th2 culture conditions, and then trans-
ferred intravenously into normal syngeneic BALB/c or BALB/c nu/nu
recipient mice (Fig. 1A). The transferred DO11.10 Tg T cells can be
monitored by the staining with clonotypic Kj1 mAb, which is spe-
cific for a donor-derived TCR Tg T cells. A week after cell transfer of
the effector Th2 cells into normal BALB/c mice, ~25% of the splenic
CD4 T cells are donor derived [13]. The numbers of KJ1* cells are
decreased to approximately 10% at the 2 weeks time point, and
this level is maintained at least for 16 weeks. Similar kinetics are



