
IMMUNOLOGYAND INFLAMMATION (L COVEYAND W GAUSE, SECTION EDITORS)

Evolving Insights for MHC Class II Antigen Processing
and Presentation in Health and Disease

Ellen B. Duffy1 & James R. Drake1 & Jonathan A. Harton1

Published online: 4 August 2017
# Springer International Publishing AG 2017

Abstract
Purpose of Review Recent findings regarding major histo-
compatibility complex (MHC) class II polymorphisms,
sources of peptides, and regulation of expression on human
pathologies are described with regards to impacts on human
health.
Recent Findings Studies of MHC class II polymorphisms as-
sociated with disease indicate that beyond the selection of
loaded peptide, sequence variations affect the ability of certain
MHC class II to associate with chaperones that assist with
peptide editing or to assume conformations needed for func-
tion. That exogenous and endogenous sources of protein are
both sampled by MHC II is revealing an increasing level of
overlap between classical MHC classes I and II pathways of
peptide acquisition. Regulation of MHC II expression, con-
trolled by CIITA, is also emerging as a previously underap-
preciated determinant of immune homeostasis.
Summary The concept of MHC class II antigen processing
and presentation to CD4 T cells has developed over the past
40 years. As research on MHC class II continues, we are
beginning to discern relationships between allelic polymor-
phisms, peptide selection, and regulation of expression on
immune health and disease.
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Introduction

Major histocompatibility complex (MHC) class II molecules
present immunogenic peptides to αβ TCR bearing CD4+ T
cells, an essential process for both cellular and antibody-
mediated immunity. Protection against infection, vaccination,
immune detection of nascent tumors, transplant rejection, con-
straints on autoantibody production, and even the develop-
ment of these T cells all rely upon appropriate interaction with
peptide:MHC II complexes. Thus, highly detailed knowledge
of antigen presentation byMHC class II molecules is required
to understand their function in immunity and disease, and for
developing approaches to treat MHC II-associated patholo-
gies. The general mechanisms of MHC class II antigen pro-
cessing and presentation that are well-studied have been ex-
tensively reviewed [1–3]. Below we provide a brief overview.

MHC class II molecules (MHC II) are dimeric transmem-
brane proteins comprised of an alpha and a beta chain encoded
in the human leukocyte antigen (HLA) locus (H-2 in mice).
The most membrane distal extracellular domains of α and β
form an open-ended groove capable of accommodating pep-
tides of 13–25 amino acids in length [4]. Three different MHC
isotypes are encoded in the human genome, HLA-DP, HLA-
DQ, and HLA-DR (A and E in mice). Thus, most human cells
expressing MHC II will commonly have two unique DP, DQ,
and DR isoforms; although, some individuals have additional
DR alleles. In addition, MHC II heterodimers formed by the
combination of the alpha chain with both the cis and trans
corresponding beta chains add to the diversity of MHC II
molecules. Variations in expression and translation of DR,
DP, and DQ alleles lead to unequal frequencies of MHC II
expression with DR being the most abundant. Further, highly
polymorphic peptide binding domain sequences within each
isotype contribute to tens of thousands of allelic variations [5].
While many alleles are associated with various diseases, how
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allelic differences in structure or function contribute to these
diseases remains unclear. Constitutive and inducible expres-
sion of MHC II genes (and most MHC II-related chaperone
genes, see below) are transcriptionally regulated by a master
regulator, Class II Transactivator (CIITA) [6]. CIITA itself is
regulated at both the transcriptional and post-translational
levels, although this is incompletely understood. While
CIITA is required to regulate constitutive, cell-specific and
inducible MHC II expression and contributes to T cell devel-
opment and appropriate immunity, how coordinate regulation
of MHC II and related genes by CIITA contributes to health
and disease is likely complex and further research is needed.

So-called Bprofessional^ antigen presenting cells
(APC) constitutively expressing MHC II are primarily
responsible for antigen presentation to CD4+ T cells.
However, other cells are capable of antigen presentation
following induction of MHC II expression. Dendritic
cells (DC), macrophages, and B cells are the main types
of professional APC. In DC and macrophages,
macropinocytosis or phagocytosis facilitates largely
non-specific uptake of proteins from the extracellular
millieu. In contrast, B cells primarily acquire specific
extracellular proteins via antigen-specific BCR-mediated
endocytosis. Once internalized, protein antigens progress
through various acidic endocytic compartments contain-
ing proteases, including cathepsins, which generate pep-
tide fragments for loading onto MHC class II. During
synthesis in the ER, the chaperone invariant chain (Ii)
occupies the MHC II peptide-binding groove and helps
mediate endosomal trafficking [7]. In the late endosomal
BMHC II compartment^ (MIIC), Ii is degraded, and
HLA-DM mediates exchange of the Ii CLIP (Class II-
associated Ii peptide) peptide fragment present in the
MHC II peptide-binding groove for other available pep-
tides [8–10]. Any peptide in the MIIC is theoretically
available for binding to MHC II, but chaperones HLA-
DM and HLA-DO cooperate to exchange MHC II-
bound peptides until a Bbest fit^ peptide is loaded. As
a result, an array of cell-surface peptide-MHC II com-
plexes (pMHC II) are available for interaction with
CD4+ T cells.

This view of MHC II antigen processing and presentation
has been highly informative and shaped our present under-
standing of CD4 T cell-mediated immunity and immunopa-
thology. While perhaps reflecting a prevailing mechanism for
pMHC II formation, recent work is revealing novel aspects of
antigen processing and presentation with unexpected com-
plexity and highlighting other antigen processing pathways.
These include polymorphisms within and outside the peptide-
binding groove that contributes to the selection of peptide [11,
12], MHC II presentation of antigenic peptides derived from
endogenous sources [13, 14], and the importance of regulated
MHC II expression [15–17].

Impact of MHC Class II Polymorphisms on Peptide
Selection and Immunopathology

HLA-D allele associations with susceptibility to certain infec-
tious agents, autoimmune diseases, and immune-evasion by
tumor cells are well-known [18–23]. The HLA-DP, HLA-DR,
and HLA-DQ loci each contain genes coding for an alpha
(DPA1, DRA1, or DQA1) and beta chain (DPB1, DRB1, or
DQB1) protein. The combination of alleles on a given chro-
mosome is called a haplotype, and since HLA genes are co-
expressed, each individual expresses both a maternal and a
paternal haplotype. Further HLA genes are highly polymor-
phic. For example, DRA1 has seven known alleles and DRB1
has over 2000 (IPD-IMGT/HLA Database, 3/2017), making
for at least 14,000 potential haplotypes for HLA-DR alone.
While some alleles have been sequenced completely, for
others only the distal regions involved in contact with the
peptide and TCR have been sequenced.

Polymorphisms and MHC Class II Structure Impacting
Peptide Loading

The MHC II peptide binding groove is comprised of pockets
accommodating specific amino acid residues and a network of
potential hydrogen-bond formation sites that determine pep-
tide binding specificity. The distinct dominant peptides bound
by individual MHC II molecules, and affinity for these pep-
tides is determined by polymorphisms in the binding groove.
Further, while the primary alpha and beta chain sequence
comprising the MHC class II binding groove is important,
conformational dynamics of the molecule also impact affinity,
e.g., reducing the retention of lower affinity peptides [4, 24].

In the endosome, prior to peptide loading, CLIP occupies
the MHC II peptide-binding groove [25]. HLA-DM (DM)
catalyzes the exchange of CLIP for antigenic peptide.
Although structurally similar to otherMHC class II molecules,
DM does not bind peptide. Instead, DM induces conforma-
tional changes in MHC II allowing for CLIP dissociation and
acquisition of higher affinity peptides. While low affinity pep-
tides maintain a flexible conformation when in association
with DM, binding of sufficiently high affinity peptide leads
to greater conformational rigidity disfavoring DM-mediated
exchange [12, 26]. Hence, any sequence variations affecting
association with DM, either in MHC II itself or DM, is likely
to impact peptide loading. Not surprisingly, DM polymor-
phism is less extensive (7 alpha chain and 11 beta chain var-
iants, IPD-IMGT/HLA Database, 3/2017). However,
DMA*0103, which differs at G155 and R184 relative to the
more common DMA*0101 allele, exhibits dysfunctional pep-
tide loading [27, 28]. Genetic analyses to date have failed to
demonstrate DM polymorphism associations with autoim-
mune diseases such as rheumatoid arthritis and Type I
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diabetes, but the impact of DM variants likely depends also
upon the combination of MHC II alleles expressed.

Polymorphisms and MHC Class II Structure Impacting
Immunological Processes

While MHC II disease association studies have almost exclu-
sively focused on peptide-binding region polymorphisms,
other regions of the molecule have important immunological
functions that may be relevant for disease. For instance, the
transmembrane region of both alpha and beta chains contain
GXXXG dimerization motif sequences important for deter-
mining the conformation of the peptide-binding/TCR contact
region [29]. Duplicate GXXXG motifs in the alpha chain
transmembrane region allow alternative pairing with the sin-
gle motif in the beta chain, driving one of two possible con-
formations (M1 or M2) which likely form in human as well as
mouse MHC II [11]. M1-paired MHC II are partitioned into
lipid rafts [30], associate with B cell receptor signaling mole-
cule CD79 [31], and may represent the dominant immunolog-
ically functional conformation [30].

Allelic Variations and Susceptibility to Disease

In principle, allelic variations in the peptide-binding groove
that exclude critical pathogen-derived peptides might result in
susceptibility to those pathogens by preventing CD4 T cell
recognition and initiation of adaptive immune responses. In
a Greek population exposed to or infected with West Nile
Virus, DQA1*01:02 was associated with increased suscepti-
bility to infection, and DRB1*1602 was only present in the
infected population [32]. In contrast, two alleles, DQA1*0101
and DRB1*1102, were associated with complete resistance
and resistance to neuro-invasion, respectively. Vaccine devel-
opment efforts might also be similarly impacted by allelic
differences as immunogenic peptide binding is not equivalent
across alleles.

Two alleles highly associated with autoimmune idiopathic
membranous nephropathy (iMN) and three amino acids with-
in these alleles that facilitate incorporation of the dominant
epitope recognized by autoantibodies in iMN patients have
also been described [33]. This group further showed that the
iMN-associated allele, DRB1*1501, was also associated with
Goodpasture’s disease, and that two specific amino acids were
critical for target-peptide binding [34]. That specific MHC II
amino acid residues are associated with disease onset rein-
forces the concept that MHC class II structure facilitates bind-
ing of a particular peptide, which may be either protective or
pathological.

While allelic variations associated with autoimmune dis-
ease can be correlated with the ability of the peptide-binding
groove to accommodate endogenous antigens, some of these
variations may result in poor editing by DM and thus an

inability to select high affinity peptides to the MHC II
peptide-binding groove. Increased stability of the DQ2 and
DQ8 alleles in the beta chain alpha-helix involved in DM
binding reduces peptide exchange and is associated with type
1 diabetes [24, 35]. Reduced DM binding and thus reduced
peptide exchange increases the likelihood that an initial, pos-
sibly a low-affinity, endogenous peptide remains bound. In
contrast, DQ1 and DQ6 are correlated with protection against
type 1 diabetes due to a less stable beta chain G84-T90 region
and increased DM sensitivity [24].

Sources of Peptides and Mechanisms of Peptide
Generation

Sources of protein antigens and the processes generating pep-
tides for loading onto MHC class II from those proteins are
critical determinants of subsequent CD4 T cell activation and
are thus important factors for understanding the impact of
MHC class II presentation on health and disease. The classical
source of peptides for MHC class II presentation is the extra-
cellular environment. Phagocytosis, macropinocytosis, or
receptor-mediated uptake are the main mechanisms for cellu-
lar acquisition of exogenous protein. However, peptides from
endogenous (i.e., intracellular) sources have been detected on
MHC class II or shown to activate CD4 T cells specific for
endogenous antigen [36, 37]. These data implicate mecha-
nisms by which intracellular peptides generated from cytosol-
ic proteins are acquired and loaded onto endosomal MHC II.
Mechanisms known to be involved in the processing of
intracellular/endogenous antigens include transport of pro-
teins to endosomal compartments by autophagy, active trans-
port of proteasome-generated peptides to the ER, and cell
surface recycling of membrane-bound receptors and associat-
ed ligands.

MHC class II presentation of endogenous peptides is ex-
pected to result in CD4 T cell tolerance. However, it can also
promote autoimmunity by activating self-reactive T cells
[38–41] and is an important feature of anti-viral and anti-
tumor immunity [42, 43]. Appreciating more fully the sources
of presented peptide and how they are generated will expand
our understanding of the immunobiology of CD4 T cell selec-
tion in the thymus and responses in the periphery during in-
fection or hypersensitivity [44]. Further, such information will
likely help explain MHC II associations with autoimmune
disease and improve approaches to design peptide-based ther-
apies and vaccines.

Peptidome Analysis

The collective profile of peptides displayed onMHC class II is
called the peptidome. Steps involved in analyzing the
peptidome include selection of source material such as cul-
tured cells or harvested tissues, extraction of intact MHC
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complexes (most commonly using monoclonal antibodies),
acid-elution of peptides, separation of peptides from larger
MHC II component using low molecular weight-cutoff filtra-
tion columns, resolution of peptides by chromatography, de-
tection by mass spectrometry, and peptide identification by
sequence alignment analysis [45, 46]. Improvements in bio-
physical methods and computational resources facilitating
analysis of the peptidome have contributed to the identifica-
tion of increasing numbers of MHC II-bound peptides. The
potential for such analyses to define peptides critical for par-
ticular immune responses and provide therapeutic insight has
yet to be fully realized owing in part to limitations in
predicting the binding affinity of recovered peptides [45,
47], a lack of monoclonal antibodies recognizing the full spec-
trum of MHC II alleles [45], and others arising from factors
such as the complexity between individuals [48].
Nevertheless, peptidome analysis has already provided new
insights into the sources of the peptides found complexed with
MHC class II molecules.

Sources of Peptides

The longstanding, classical understanding of MHC II antigen
processing maintains that the primary source of peptides de-
rives from exogenous proteins that are transported to degra-
dative endosomal compartments following membrane engulf-
ment of extracellular material [1, 2]. However, the first
peptidome analysis, which used the murine B cell lymphoma
cell line (LB27.4), revealed that someMHC II-displayed pep-
tides originated from the cell itself, including peptides derived
from Ii and the I-E alpha chain [36, 49]. It was proposed at the
time that presentation of endogenous self-peptides might be
relevant for selection of T cells during development. In fact,
we now know that in the thymus, peptides generated from
endogenous/intracellular AIRE-induced tissue-specific pro-
teins and presented by MHC II are important for negative
selection of autoreactive T cells [50].

Endogenous cytoplasmic antigens released into the extra-
cellular milieu (e.g., following cell or tissue damage) can be
acquired from that environment in the same fashion as extra-
cellular proteins regardless of origin and routed to the
endosomal compartment for processing. In fact, peptidome
analysis of human lymph under healthy physiological condi-
tions revealed self peptides that were of intra- and extracellular
(matrix protein peptides, for example) origins [51]. By ana-
lyzing the predicted proteolytic cleavage sites of these lymph-
derived peptides, proteases in addition to endosomal cathep-
sins, including MMPs and caspases, were suggested to be
involved in peptide generation [51]. A comparison of peptides
extracted from lymph and those eluted from MHC class II on
HLA-DR1 of DC showed much overlap indicating that pro-
teins cleaved in the lymph were being presented on MHC
class II [51]. Proposed mechanisms for loading these

extracellular peptides derived from intracellular self-proteins
include exchange of peptides at the cell surface and/or ex-
change within recycling/sorting endosomes [52–55]. In either
mechanism, the previously loaded peptide must be displaced
in favor of the acquired peptide. Assuming that the surface and
recycling MHC class II molecules involved had already un-
dergone successful exchange for high-affinity peptide, how
this process accomplishes such exchange remains unclear.

Identification of viral antigen-derived peptides on MHC
class II has also provided insight into mechanisms that facili-
tate presentation of cytosolic [56]. Peptides generated in the
cell cytoplasm can be targeted to MHC II through autophagy-
mediated transport into the late endosomal compartment and
has recently been reviewed [13, 57, 58]. In addition to autoph-
agy, proteosome-dependent mechanisms like those use by
MHC class I are an additional means of processing endoge-
nous peptides for presentation by MHC II [14, 59]. In order
for cytoplasmic peptides generated via proteasomes to be pre-
sented on MHC class II, the peptide must likely encounter
MHC II-lacking bound peptide. While MHC II is in the ER,
the peptide-binding groove is generally thought to be occu-
pied by CLIP until transport to endosomes where CLIP is
exchanged for peptide by DM. If the peptide-binding groove
is unoccupied while MHC II resides in the ER, proteasome-
elaborated peptides entering the ER via the transporter asso-
ciation with [MHC class I] antigen processing (TAP) could be
bound byMHC II. In fact, alleles of HLA-DP bearing the beta
chain polymorphism 84Gly, although still transported normal-
ly by Ii, fail to bind CLIP, are empty while located in the ER,
and arrive at the cell surface complexed with endogenously
derived peptide [60]. In another study, Becker et al. demon-
strated that certain MHC II peptides presented by CD40-
activated B cells were processed by proteasomes following
delivery of pinocytosed antigen [61]. Because other peptides
from the same antigen can be presented by MHC I, it was
suggested that strict separation of endogenous and exogenous
presentation byMHC I andMHC II, respectively, might be an
oversimplification. Better understanding of how endogenous
antigens are processed and presented might allow for optimi-
zation of vaccines and tumor immunotherapies. For example,
targeting the HIV gag protein to autophagosomes by fusion to
LC3 led to enhanced T cell activation which might represent a
useful approach to promoting effective anti-HIV immunity
[62].

B cells are somewhat unique as APCs as they express a
clonally restricted antigen receptor, the BCR. While B cells
can process and present high concentration environmental
(e.g., self) antigens internalized by fluid-phase endocytosis,
BCR-mediated processing of cognate antigen is of critical
importance. Recently, it was shown that internalized antigen-
BCR (Ag-BCR) complexes physically associated with intra-
cellular MHC class II molecules in a putative MHC class II
peptide-loading complex (PLC) [31]. Interestingly, the class II
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molecules that associate with the Ag-BCR complexes are a
unique conformational subset (i.e., M1 paired class II, see
above), and peptide derived from the processing of BCR-
bound antigen are selectively presented in the context of these
M1-paired class II molecules. In contrast, peptide from anti-
gen acquired by fluid-phase endocytosis is loaded onto both
M1 andM2 paired class II [63]. This finding is consistent with
the past work of Mitchell and colleagues who found that pep-
tides derived from BCR-bound cognate antigen compete for
binding to a pool of MHC class II molecules that cannot be
accessed by peptides generated from antigens internalized by
fluid-phase uptake [64]. The findings could also explain the
differential B cell response to engagement of peptide-class II
complexes formed via BCR vs. fluid-phase antigen processing
[65]. Thus, similar to MHC class I molecules, where peptide
loading occurs in a complex including Baccessory^molecules
such as TAP and tapasin, MHC class II peptide loading may
occur in a complex including HLA-DM, a source of peptide,
and other yet-to-be identified Baccessory^ molecules.

Regulation of MHC Class II Expression

Without expression of MHC class II molecules, the source of
antigenic peptide and structure of the presenting complex are
irrelevant. Much of our understanding of MHC class II ex-
pression follows from the study of human MHC class II defi-
ciency. A congenic lack of MHC class II expression results in
the general failure of CD4+ T cell development and leads to a
severe combined immunodeficiency (bare lymphocyte syn-
drome, Type II (BLS)) generally causing death within the first
year of life [66]. Failed transcription of MHC class II genes
accounts for all instances of Type II BLS, and the transcription
factors essential for the constitutive and inducible expression
ofMHC class II andMHC class II-related proteins are known.
A global regulator of MHC class II gene transcription, the
class II transactivator (CIITA), controls both constitutive ex-
pression in professional antigen-presenting cells and inducible
expression in most other cells and tissues. CIITA directs the
transcription of not only MHC class II genes, but the chaper-
ones Ii and DM as well as Rab4b, a small GTPase protein
involved in endosomal recycling [67, 68]. Regulation by
CIITA is thus a central mechanism impacting the selection
and presentation of antigen peptide. Further, altered MHC
class II expression is a feature common in infectious disease,
autoimmunity, and cancer.

Human CIITA has four distinct promoters and mouse C2ta
has three, which control the expression of three different
CIITA isoforms [69, 70]. These distinct promoters facilitate
both constitutive and inducible expression and drive cell-type
specific expression patterns. Antigen-presenting cells express
multiple isoforms of CIITA, but the pattern differs by cell type
and activation status. Promoter I-driven CIITA isoform I is
most abundant in dendritic cells and macrophages and

contains a caspase-recruitment domain (CARD) that increases
MHC II transcription [71]. Isoform III (promoter III) is con-
stitutively expressed in B cells and pDCs, and isoform IV
(promoter IV) is induced by IFNγ in both hematopoietic and
non-hematopoietic cells. CIITA isoforms III and IV lack the
CARD domain, but otherwise differ only in that isoform IV
lacks the first 24 residues present in isoform III [69]. However,
how the isoforms differ functionally, why some cells express
multiple isoforms, how differential regulation of isoform ex-
pression impacts adaptive immunity, and even why such a
complex system is beneficial remain largely unaddressed.

While HLA polymorphisms have long been the subject of
disease association studies, genetic variations in CIITA have
received less attention. Mouse variants inC2ta promoter I that
increase MHC II expression in myeloid cells, but not B cells,
from spleen and blood, have recently been described [17].
IFN-gamma-treated bone marrow-derived macrophages from
mice carrying this variant also expressed more MHC II.
Increased MHC class II expression correlated with greater T
cell activation, but disease development in experimental
models of autoimmune disease (collagen-induced arthritis
and EAE) was unaffected, suggesting that while this C2ta
polymorphism alters antigen presenting cell MHC II expres-
sion, it may not greatly influence autoimmunity [17]. In con-
trast, in a mouse model of experimental autoimmune myocar-
ditis (EAM), IFN-gamma from autoreactive T cells induced
the promoter IV form of CIITA in endothelial cells [72].
Induced endothelial MHC II in turn presented cardiac antigens
to effector T cells resulting in a cyclic and progressive cardio-
myopathy. Neutralization of IFN-γ or deletion of C2ta pro-
moter IV prevented MHC II expression on non-hematopoietic
cells and reduced indicators of cardiomyopathy [72].
Increased expression of MHC class II on endothelial cells
has been demonstrated for other autoimmune diseases includ-
ing RA and SLE [73]. Although not interfering with CIITA
function, specific deletion of MHC II expression in cDC in
mice revealed a role for these APCs in maintaining homeosta-
sis of the gut microbiota [11]. These cDCs were still respon-
sive to intestinal microbes, but defective T cell help for ger-
minal center B cell class switching to IgA accounted for in-
creased chronic intestinal inflammation that was alleviated
with antibiotics or housing under germ-free conditions [11].

Dysregulated expression of MHC II may be harmful in
autoimmune conditions, but MHC II expression on tumor
cells appears beneficial in some instances. In a study of
triple-negative breast cancer (a particularly aggressive tu-
mor and not responsive to estrogen receptor and HER2/neu
targeted therapy), increased tumor cell expression of MHC
II and related genes including CIITA, CD74 (Ii), and HLA
was associated with progression-free survival (a good
prognosis) [74]. Tumor-infiltrating T and B cells were also
increased in tumors associated with good prognosis indi-
cating that presentation of tumor antigens on MHC class II
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leads to antitumor immune responses. The TS/A mouse
mammary adenocarcinoma model (which resembles triple
negative breast cancer) recapitulates favorable anti-tumor
immunity when MHC II is expressed [75, 76]. In a study
on diffuse large B cell lymphoma, good prognosis was also
correlated with MHC II gene expression, specifically HLA-
DR and CD74 [77]. Here, expression of the transcription
factor FOXP1 was correlated with decreased expression of
MHC class II genes, possibly by binding promoters of
CIITA responsive genes. Therapies-stimulating expression
of CIITA, including the use of histone deacetylase inhibi-
tors to restore MHC II expression, are being investigated
for use in combatting tumors [78, 79]

While it is generally held that only a few hundred MHC
II:peptide complexes are necessary for successful antigen pre-
sentation, the effects of reduced MHC II expression are not
well-studied. One group generated a mouse strain with an
eightfold reduction in global class II expression [15]. While
a complete absence of MHC II results in deficient develop-
ment of CD4+ T cells, an eightfold reduction had no appre-
ciable effect on CD4+ or Treg development in the thymus. In
addition, normal functions of CD4 and Treg were observed.
However, liver-specific autoreactive T cells were increased
[15], suggesting that decreased MHC II expression, perhaps
in conjunction with AIRE-induced expression of a restricted
set of tissue-specific antigens, resulted in diminished negative
selection of these tissue-specific autoreactive T cells.
Therefore, while maximal expression is not a requirement
for development, reduced levels impact the ability to present
sufficient auto antigens to effectively remove maturing T cells
specific to peripheral antigens. As MHC II expression is glob-
ally regulated by CIITA, attention to CIITA variants with re-
duced transactivation function, conditions that reduce the ex-
pression of function of CIITA, and the detailed mechanisms of
CIITA function are important, but understudied areas of
investigation.

Conclusion

Although much is known about MHC II antigen processing
and presentation, how the intricacies of this system result in
disease is not understood. Polymorphic variations in MHC
class II structure affect peptide loading, but whether or not
specific bound peptides are ultimately and solely responsible
for various pathologies, such as autoimmune disease, tumor
evasion, and consequences of infectious disease, is unclear.
Structures outside the peptide-binding groove which drive
subtle structural features marking potentially functionally dis-
tinct subsets of MHC II proteins are also important. Increasing
evidence indicates overlap between the classical MHC I and
MHC II presentation pathways consistent with MHC II load-
ing with both endogenous and exogenous peptide and with

implications for directing immune responses to prevent or
treat disease. Finally, MHC II expression by specific cell types
and quantities of surface MHC II, controlled largely by the
transcription factor CIITA, may be responsible for distinct
immunologic functions. Further discoveries in these areas will
likely transform our present understanding of how MHC II
influences both health and disease.
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