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»Every mammalian species studied to date possesses a
tightly linked <cluster of genes, the major
histocompatibility complex (MHC), whose products play
roles in intercellular recognition and in discrimination
between self and nonself.

»The MHC participates in the development of both
humoral and cell mediated immune responses. While
antibodies may react with antigens alone, most T cells
recognize antigen only when it is combined with an MHC
molecule.

» Furthermore, because MHC molecules act as antigen-
presenting structures, the particular set of MHC
molecules expressed by an individual influences the
repertoire of antigens to which that individual’s TH and
TC cells can respond.
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*The major histocompatibility complex is a collection of genes
arrayed within a long continuous stretch of DNA on chromosome 6 in
humans and on chromosome 17 in mice.

*The MHC is referred to as the HLA complex in humans and as the H-
2 complex in mice.

1.

Class | MHC genes encode glycoproteins expressed on the
surface of nearly all nucleated cells; the major function of the
class | gene products is presentation of peptide antigens to TC
cells.

Class Il MHC genes encode glycoproteins expressed primarily on
antigen-presenting cells (macrophages, dendritic cells, and B
cells), where they present processed antigenic peptides to TH
cells.

Class Il MHC genes encode, in addition to other products,
various secreted proteins that have immune functions, including
components of the complement system and molecules involved
in inflammation.



Class | MHC molecule

»Class | MHC molecules contain a 45-kilodalton (kDa) chain
associated noncovalently with a 12-kDa 2-microglobulin molecule.
»The chain is a transmembrane glycoprotein encoded by
polymorphic genes within the A, B, and C regions of the human HLA
complex and within the K and D/L regions of the mouse H-2 complex.
»Beta 2-Microglobulin is a protein encoded by a highly conserved
gene located on a different chromosome.

» Association of the chain with 2-microglobulin is required for
expression of class | molecules on cell membranes.

»The chain is anchored in the plasma membrane by its hydrophobic

transmembrane segment and hydrophilic cytoplasmic tail.



»Structural analyses have revealed that the chain of class | MHC
molecules is organized into three external domains (1, 2, and 3),
each containing approximately 90 amino acids; a transmembrane
domain of about 25 hydrophobic amino acids followed by a short
stretch of charged (hydrophilic) amino acids; and a cytoplasmic
anchor segment of 30 amino acids.

»The beta 2-microglobulin is similar in size and organization to the
3 domain; it does not contain a transmembrane region and is

noncovalently bound to the class | glycoprotein.
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Class Il MHC molecule

»Class Il MHC molecules contain two different polypeptide chains,

a 33-kDa chain and a 28-kDa chain, which associate by non

covalent interactions.

»Class Il MHC molecules are membrane-bound glycoproteins that

contain external domains, a transmembrane segment, and a

cytoplasmic anchor segment.

»Each chain in a class Il molecule contains two external domains:
a) 1 and 2 domains in one chain

b)1 and 2 domains in the other.



»The membrane-proximal 2 and 2 domains, like the membrane-
proximal 3/2-microglobulin domains of class | MHC molecules, bear
sequence similarity to the immunoglobulin-fold structure.

»The membrane-distal portion of a class Il molecule is composed
of the 1 and 1 domains and forms the antigen binding cleft for

processed antigen.






The Exon/Intron Arrangement of Class | and Il Genes Reflects Their
Domain Structure

Separate exons encode each region of the class | and Il proteins.

Each of the mouse and human class | genes has a 5’ leader exon encoding a short signal
peptide followed by five or six exons encoding the chain of the class | molecule.

The signal peptide serves to facilitate insertion of the chain into the endoplasmic reticulum
and is removed by proteolytic enzymes in the endoplasmic reticulum after translation is
completed.

The next three exons encode the extracellular al, a2, and a3 domains, and the following
downstream exon encodes the transmembrane (Tm) region; finally, one or two 3’-terminal
exons encode the cytoplasmic domains (C).

Class Il genes are organized into a series of exons and introns mirroring the domain
structure of the a and B chains.

Both the a and B genes encoding mouse and human class || MHC molecules
have a leader exon, an al or B1 exon, an a2 or B2 exon, a transmembrane exon, and one or
more cytoplasmic exons.
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Antigen Processing

‘*Recognition of foreign protein antigens by a T cell requires that
peptides derived from the antigen be displayed within the cleft of
an MHC molecule on the membrane of a cell.

**The formation of these peptide-MHC complexes requires that a
protein antigen be degraded into peptides by a sequence of events
called antigen processing.

‘*The degraded peptides then associate with MHC molecules
within the cell interior, and the peptide-MHC complexes are
transported to the membrane, where they are displayed (antigen

presentation).



**Class | MHC molecules bind peptides derived from endogenous
antigens that have been processed within the cytoplasm of the cell
(e.g., normal cellular proteins, tumor proteins, or viral and bacterial
proteins produced within infected cells).

**Class Il MHC molecules bind peptides derived from exogenous
antigens that are internalized by phagocytosis or endocytosis and

processed within the endocytic pathway.
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Endogenous Antigens: The Cytosolic Pathway

*Intracellular proteins are degraded into short peptides by a cytosolic
eproteolytic system present in all cells.
*Those proteins targeted for proteolysis often have a small protein,

called ubiquitin, attached to them.
*Ubiquitin-protein conjugates can be degraded by a multifunctional
protease complex called a proteasome.

*Peptides generated in the cytosol by the proteasome are
translocated by Transporter associated with antigen processing

*Peptides Assemble with Class | MHC Aided by Chaperone
Molecules.

*As a consequence of peptide binding, the class | molecule displays
increased stability and can dissociate from calreticulin and tapasin,
exit from the RER, and proceed to the cell surface via the Golgi.
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m Gytosolic proteolytic system for degracation of intra-
cellular proteins. (a) Proteins to be degraded are often covalently

linked to a small protein called ubiguitin. In this reaction, which re-
quires ATP, a ubiquinating enzyme complex links several ubiguitin
molecules to a lysine-amino group near the amino terminus of the
protein. (b) Degradation of ubiquitin-protein complexes occurs
within the central channel of proteasomes, generating a variety of
peptides. Proteasomes are large cylindrical particles whose subunits
catalyze cleavage of peptide bonds.




Exogenous Antigens: The Endocytic Pathway

‘*Antigen-presenting cells can internalize antigen by
phagocytosis, endocytosis, or both.

**Macrophages internalize antigen by both processes, whereas
most other APCs are not phagocytic or are poorly phagocytic and
therefore internalize exogenous antigen only by endocytosis
(either receptor-mediated endocytosis or pinocytosis).

B cells internalize antigen very effectively by receptor-mediated
endocytosis using antigen-specific membrane antibody as the

receptor.




*Once an antigen is internalized, it is degraded into peptides within
compartments of the endocytic processing pathway.

*Internalized antigen moves from early to late endosomes and
finally to lysosomes, encountering hydrolytic enzymes and a lower
pH in each compartment.
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The Invariant Chain Guides Transport of Class Il MHC Molecules to
Endocytic Vesicles.

As the proteolytic activity increases in each successive
compartment, the invariant chain is gradually degraded.



*A short fragment of the invariant chain termed CLIP (for class II-
associated invariant chain peptide) remains bound to the class Il
molecule after the invariant chain has been cleaved within the
endosomal compartment.

*CLIP physically occupies the peptide-binding groove of the class Il
MHC molecule, presumably preventing any premature binding of
antigenic peptide.

*A non classical class Il MHC molecule called HLA-DM is required to
catalyze the exchange of CLIP with antigenic peptides.

*Once a peptide has bound, the peptide—class Il complex is
transported to the plasma membrane,where the neutral pH

appears to enable the complex to assume a compact, stable form.
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