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1. Introduction

The products of the major histocompatibility complex

(MHC) class II genes encode cell surface glycoproteins

involved in binding and presentation of antigenic peptides

from exogenous sources to the T cell receptors of CD4þ T

lymphocytes. These trimolecular interactions of MHC/

peptide-TCR are central to the initiation of antigen-specific

immune responses. MHC class II genes encode the poly-

morphic HLA-DR, -DQ and -DP proteins, which are

expressed as ab heterodimers on the cell surface. Because

of their specialized immunological role, constitutive

expression of MHC class II proteins is confined to antigen

presenting cells (APC), which include dendritic cells

(DCs), macrophages, B-lymphocytes and thymic epithelial

cells. On all other cell types expression of MHC class II

molecules can be induced in an environment rich in

inflammatory cytokines, of which interferon-g (IFNg) is

the most potent, or upon activation such as in human T cells

[1,2].

Besides their important role in the regulation of the

immune response, MHC class II molecules can also serve

as signal transducing receptors [3]. Particularly, in lym-

phocytes it has been well documented that ligation of MHC

class II molecules results in activation of intracellular

signaling pathways [2]. For instance in activated T lym-

phocytes triggering of MHC class II molecules results in

protein kinase C (PKC) membrane translocation and ino-

sitol phosphate (IP) accumulation, while simultaneous

signaling via MHC class II molecules and CD3 results

in a synergistic effect on IP accumulation correlating with

significantly increased CD3-mediated T blast proliferation

[4]. In addition, signaling through MHC class II molecules

has also been implicated on the one hand in induction

of caspase-independent cell death while on the other hand

the MHC class II-mediated signaling route interferes

with FAS-mediated apoptosis in B-lymphocytes [5–7].

Recently, an engineered human monoclonal antibody

against the HLA-DR molecule was shown to have a

tumoricidal activity on HLA-DRþ hematopoietic tumors

[8], revealing a putative potent role of MHC class II-

induced cell death in targeted antibody therapy against

MHC class II bearing tumor cells [9].

2. Transcriptional regulation of MHC class II
gene expression

The various MHC class II genes contain the so-called

SXY regulatory module in their promoters, a set of four

conserved sequence motifs: the S or W box, the X1 box, the

X2 box, and the Y box [10]. The SXY-module is coopera-

tively bound by a multiprotein complex containing RFX

(consisting of RFX5, RFXB/ANK and RFXAP), CREB/

ATF, and NFY, which acts as an enhanceosome driving

transactivation of these genes (Fig. 1). In addition to the

above factors that assemble directly with the X and Y box
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sequences, the class II transactivator (CIITA) is also

required. CIITA is essential for MHC class II expression

[11] and exerts its transactivation function through protein/

protein interactions with individual components of the

MHC-enhanceosome [12–14]. The crucial importance of

RFX and CIITA in MHC class II gene regulation is

illustrated by studies with cell lines established from

patients with the bare lymphocyte syndrome (BLS), a

severe combined immunodeficiency due to mutations in

one of the RFX subunits or CIITA [15]. Lack of either

CIITA or one of the RFX subunits affects respectively the

functioning and assembly of the MHC-enhanceosome,

leading to a lack of MHC class II expression.

CIITA recruits various histone acetyltransferases

(HATs) into the MHC-enhanceosome (i.e. p300/CBP,

GCN5 and P/CAF; Fig. 1) [16–18]. On the one hand this

HAT activity is important for histone tail modifications and

resulting remodelling of chromatin structure, while on the

other hand CIITA itself is acetylated which promotes

CIITA activity [19]. Moreover, CIITA itself contains an

intrinsic HAT activity [20]. In addition to HATs, ATP-

dependent chromatin remodelling factors such as the

Brahma-related gene 1 (BRG-1), a component of the

SWI/SNF complex, cooperate in CIITA-mediated activ-

ities (Fig. 1) [21,22]. BRG-1 plays an important role in the

IFNg-mediated transcriptional activation of the CIITA

gene, but BRG-1 is also recruited by the CIITA protein

to MHC class II promoters for their activation [21,22].

While HATs promote CIITA function in the transactiva-

tion of MHC class II genes, histone deacetylases (HDACs)

[23] interfere with this CIITA function. HDAC-1 and -2

inhibit the transactivation function of CIITA following

IFNg-induction, which is intensified by the activity of

mSin3A, an HDAC-1, -2-associated repressor. These

HDACs affect CIITA function in two ways: through inter-

ference in MHC-enhanceosome assembly and through

interference in CIITA interactions with components of

the MHC-enhanceosome. CIITA therefore may integrate

HAT or HDAC activities thereby acting as a molecular

switch to modulate transcription of its target genes in the

MHC class II antigen presentation pathway.

3. Factors and elements that control expression
of CIITA in T cells

As described above, CIITA is of crucial importance for

the transcriptional regulation of MHC class II genes.

Therefore, coinciding with MHC class II expression, the

constitutive expression of CIITA is confined to APCs only,

and CIITA expression can be induced in various other cell

types. The transcriptional regulation of human CIITA is

controlled by at least three independent promoter units

(CIITA-PI, CIITA-PIII and CIITA-PIV) each transcribing a

unique first exon [24]. CIITA-PIII is utilized for the con-

stitutive expression of CIITA in the hematopoietic lineage

while CIITA-PI is utilized in DC only (N. Van der Stoep, E.

Quinten, P.J. Van den Elsen, unpublished observations)

[24,31]. CIITA-PIV has been shown to be the promoter

predominantly involved in IFNg-inducible CIITA expres-

sion in non-bone marrow derived cells [25,26]. In addition

to CIITA-PIV, CIITA-PIII is also induced by IFNg induc-

tion in human cells [27,28]. Recently it was established

that normal human activated T cells exclusively employ

CIITA-PIII to drive expression of CIITA [29,30]. However,

the factors and elements that contribute to CIITA-PIII

activation in the various cell types within the lymphoid

lineage is still under investigation.

In activated T cells the activation response element

(ARE)-1 and -2, and site-A, -B and -C are occupied as

determined by in vivo genomic footprint (IVGF) analyses

[29]. Similar to the previously established role of these

elements in Raji B cells, the ARE-1 and ARE-2 were found

essential for CIITA-PIII activity in T cell lines [29,32]. The

ARE-1 element was shown to bind both the Runx family

members AML2 and AML3 in T cells, while in B cells only

AML2 binds to this promoter region [29]. The ARE-2 site

was found to bind CREB/ATF family members and both

CREB-1 and ATF-1 contributed to CIITA-PIII activation in

vitro, which was further upregulated by the general co-

activator CBP [28,30]. More importantly, CREB-1 was

found to be associated with chromatin at CIITA-PIII as

determined by chromatin immunoprecipitation (ChIP)

assay [28].

Fig. 1. Factors governing MHC class II expression. Shown is the conserved SXY module, which is bound by the MHC-enhanceosome comprising RFX,

CREB/ATF and NFY. CIITA binds to the MHC-enhanceosome and recruits HAT and ATP-dependent chromatin remodelers for gene transcription or HDAC

for gene silencing.
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4. Epigenic control of CIITA in leukemic T cells

Leukemic T cell lines and freshly isolated leukemic T

cells lack expression MHC class II molecules, which is the

result from lack of CIITA expression [33]. This is corro-

borated by the notion that Jurkat leukemic T cells re-

express MHC class II on the cell surface following intro-

duction of exogenous CIITA [34]. Furthermore, the CIITA-

deficiency of leukemic T cell lines is not resulting from

absence of transcription factors critical for CIITA-PIII

activation because a CIITA-PIII reporter is activated in

transient transfection assays to similar levels compared

with CIITA-expressing lymphoma cell lines [33]. The

CIITA-deficiency of leukemic T cell lines and freshly

isolated leukemic T cells correlates with hypermethylation

of CIITA-PIII and also CIITA-PIV [33]. This is illustrated

in Fig. 2 in which we have analysed CpG island methyla-

tion patterns involving CIITA-PIII and CIITA-PIV in a

Southern blot assay with genomic DNA from CIITA

expressing lymphoma cells and CIITA-deficient leukemic

cell lines. Digestion of genomic CIITA-PIII and CIITA–

PIV DNA from Jurkat and Molt-4 CIITA-deficient leuke-

mic T cell lines with the methylation sensitive restriction

enzyme Hpa II and the methylation tolerant restriction

enzyme MspI shows digestion of CIITA-PIII and CIITA-

PIV DNA by MspI only. Both enzymes cut the DNA in the

CIITA positive lymphoma cell lines. Treatment with the

demethylating agent 5-AZA-20-deoxycytidine resulted in

re-expression of CIITA-PIII, but not CIITA-PIV, and

expression of HLA-DRA in the leukemic T cell lines

(Fig. 3A) [33].

We next investigated whether reduction in the amount of

acetylated histone H3 and H4 tails correlated with the

CIITA-deficient phenotype of the leukemic T cell lines.

Using chromatin immunoprecipitation (ChIP) the associa-

tion of Ac-H4 with CIITA-PIII chromatin in Jurkat T cells

was less prominent when compared with CIITA-PIII chro-

matin in CIITA expressing Raji B cells (Fig. 3B). Similar

results were obtained for Ac-H3 (results not shown). To

determine the involvement of an HDAC-dependent tran-

scriptional repression mechanism targeted at CIITA-PIII

and thereby contributing to the CIITA-deficient phenotype

Fig. 2. Southern blot analysis revealing hypermethylation at CIITA-PIII and CIITA-PIV in CIITA-deficient T leukemic cell lines. Shown are the digests with

Hpa II (which does not cleave at 50-CCMeGG-30) and its isoschizomer MspI (which cleaves methylated and unmethylated DNA). For details see [33].

Fig. 3. (A) 50-AZA-20-deoxycytidine treatment of Jurkat CIITA-deficient

leukemic T cells restores CIITA and HLA-DRA expression (for

experimental details see [33]). (B) Chromatin immunoprecipitation using

anti-Ac-H4 (Upstate Cell Signaling 06-866) revealing reduced amounts of

Ac-H4 associated with CIITA-PIII chromatin. The b2-microglobulin

chromatin IP was used as control (for experimental details see [29]). (C)

Trichostatin A (TSA) treatment of Jurkat leukemic T cells revealing lack

of CIITA induction in Jurkat T cells as determined by RT-PCR (for

experimental details on the RT-PCR see [33]). Note the induction of HLA-

DRA upon TSA mediated inhibition of HDAC activities in the absence of

CIITA.
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of Jurkat T cells, we applied the histone deacetylatylase

inhibitor trichostatin A (TSA). TSA treatment of CIITA-

deficient Jurkat T cells did not result in induction of CIITA

expression driven by CIITA-PIII (Fig. 3C). Interestingly,

even in the absence of functional CIITA, expression of

HLA-DRA can be induced following histone deactylation

upon TSA treatment (Fig. 3C). It reveals that for transcrip-

tional activation of the HLA-DRA gene alteration of the

local chromatin environment is sufficient to allow base line

levels of HLA-DRA transcription in the absence of CIITA.

Therefore, the defect in CIITA expression in leukemic

T cells is primarily due to DNA hypermethylation of

CIITA-PIII. In this way expression of CIITA is prohibited

and allows the expression of other genes that fulfil essential

T cell functions. Furthermore, because T cell leukemia’s are

derived from normal T cells at various stages of differentia-

tion it could be argued that methylation of CIITA promoters

may play a role in these T cell selection processes and is not

due to the malignant transformation of these T cells.

5. MHC class II signaling in CIITA transfected
Jurkat T cells induces cell death

Apoptosis, or programmed cell death, can be triggered by

a variety of stimuli, including cytotoxic T lymphocyte

(CTL)-mediated killing via either the CD95 (Fas) or gran-

zyme B/perforin-mediated pathway but also by ionising

radiation and many cytostatic drugs [35]. These pathways

involve activation of various caspases. In human B-lympho-

cytes also ligation of HLA-DR molecules, but not HLA-DP

or -DQ, induces cell death [36–39], which is mediated by a

caspase-independent cell death pathway [40].

To investigate whether CIITA-induced cell surface

expression of HLA-DR on otherwise MHC class II-defi-

cient leukemic T cell lines could also be used as a target to

induce cell death, we introduced CIITA into Jurkat T cells.

Following antibiotic selection Jurkat-MHC-IIþ cells were

established. Taking advantage of the cell death inducing

anti-HLA-DR antibody L243 [41] ligation of HLA-DR on

Jurkat-MHC-IIþ cells resulted in induction of cell death as

determined by annexin V-FITC and propidium iodide

staining (Fig. 4). Similar results were obtained for HLA-

DRþ T cell lymphoma cell lines and B cell lines (Holling

et al., unpublished observations) [37–41]. These observa-

tions reveal that similar to B cells also in T cell leukemia’s

and lymphomas HLA-DR molecules can mediate cell

death inducing signaling.

6. Conclusions

Our investigations towards the regulation and function

of MHC class II molecules in T cell malignancies have

revealed a role for CpG island methylation of CIITA-PIII

in T cell leukemia’s, which accounts for the MHC class

II-deficient phenotype of these malignancies. Furthermore,

we have shown that ligation of CIITA-induced HLA-DR

and resulting signaling results in induction of cell death. It

can therefore be envisioned that interference in the CIITA-

silencing pathways in CIITA-deficient leukemic T cells

would result in induction of cell surface MHC class II

expression. These MHC class IIþ leukemic T cells could

than be used as targets for antibody therapy aimed at

induction of tumor cell death mediated by HLA-DR mole-

cules.
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