CLASS II STRUCTURE
(Fig. 373e-2C) A specialized functional architecture similar to that of
the class I molecules can be seen in the example of a class II molecule
depicted in Fig. 373e-2C, with an antigen-binding cleft arrayed above
a supporting scaffold that extends the cleft toward the external cellular
environment. However, in contrast to the HLA class I molecular structure, β2-microglobulin is not associated with class II molecules. Rather,
the class II molecule is a heterodimer, composed of a 29-kD α chain
and a 34-kD β chain. The amino-terminal domains of each chain form
the antigen-binding elements that, like the class I molecule, cradle a
bound peptide in a groove bounded by extended α-helical loops, one
encoded by the A (α chain) gene and one by the B (β chain) gene. Like
the class I groove, the class II antigen-binding groove is punctuated
by pockets that contact the side chains of amino acid residues of the
bound peptide, but unlike the class I groove, it is open at both ends.
Therefore, peptides bound by class II molecules vary greatly in length,
since both the N- and C-terminal ends of the peptides can extend

through the open ends of this groove. Approximately 11 amino acids
within the bound peptide form intimate contacts with the class II
molecule itself, with backbone hydrogen bonds and specific side chain
interactions combining to provide, respectively, stability and specificity to the binding (Fig. 373e-4).
The genetic polymorphisms that distinguish different class II genes
correspond to changes in the amino acid composition of the class II
molecule, and these variable sites are clustered predominantly around
the pocket structures within the antigen-binding groove. As with class
I, this is a critically important feature of the class II molecule, which
explains how genetically different individuals have functionally different HLA molecules.
BIOSYNTHESIS AND FUNCTION OF CLASS II MOLECULES
(Fig. 373e-3B) The intracellular assembly of class II molecules occurs
within a specialized compartmentalized pathway that differs dramatically from the class I pathway described above. As illustrated in Fig.
373e-3B, the class II molecule assembles in the ER in association with
a chaperone molecule, known as the invariant chain. The invariant
chain performs at least two roles. First, it binds to the class II molecule
and blocks the peptide-binding groove, thus preventing antigenic peptides from binding. This role of the invariant chain appears to account
for one of the important differences between class I and class II
MHC pathways, since it can explain why class I molecules present
endogenous peptides from proteins newly synthesized in the ER but
class II molecules generally do not. Second, the invariant chain contains molecular localization signals that direct the class II molecule
to traffic into post-Golgi compartments known as endosomes, which
develop into specialized acidic compartments where proteases cleave
the invariant chain, and antigenic peptides can now occupy the class
II groove. The specificity and tissue distribution of these proteases
appear to be an important way in which the immune system regulates
access to the peptide-binding groove and T cells become exposed to
specific self-antigens. Differences in protease expression in the thymus
and in the periphery may in part determine which specific peptide
sequences comprise the peripheral repertoire for T cell recognition. It
is at this stage in the intracellular pathway, after cleavage of the invariant chain, that the MHC-encoded DM molecule catalytically facilitates
the exchange of peptides within the class II groove to help optimize the
specificity and stability of the MHC-peptide complex.
Once this MHC-peptide complex is deposited in the outer cell
membrane, it becomes the target for T cell recognition via a specific
TCR expressed on lymphocytes. Because the endosome environment
contains internalized proteins retrieved from the extracellular environment, the class II–peptide complex often contains bound antigens that
were originally derived from extracellular proteins. In this way, the
class II peptide–loading pathway provides a mechanism for immune
surveillance of the extracellular space. This appears to be an important
feature that permits the class II molecule to bind foreign peptides, distinct from the endogenous pathway of class I–mediated presentation.
ROLE OF HLA IN TRANSPLANTATION
The development of modern clinical transplantation in the decades
since the 1950s provided a major impetus for elucidation of the HLA
system, as allograft survival is highest when donor and recipient are
HLA-identical. Although many molecular events participate in transplantation rejection, allogeneic differences at class I and class II loci
play a major role. Class I molecules can promote T cell responses in
several different ways. In the cases of allografts in which the host and
donor are mismatched at one or more class I loci, host T cells can be
activated by classic direct alloreactivity, in which the antigen receptors
on the host T cells react with the foreign class I molecule expressed on
the allograft. In this situation, the response of any given TCR may be
dominated by the allogeneic MHC molecule, the peptide bound to it,
or some combination of the two. Another type of host anti-graft T cell
response involves the uptake and processing of donor MHC antigens
by host antigen-presenting cells and the subsequent presentation of the
resulting peptides by host MHC molecules. This mechanism is termed
indirect alloreactivity.
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and the presence of long (L) or short (S) cytoplasmic domains. The
KIR2DL1 and S1 molecules primarily recognize alleles of HLA-C,
which possess a lysine at position 80 (HLA-Cw2, -4, -5, and -6),
whereas the KIR2DL2/S2 and KIR2DL3/S3 families primarily recognize alleles of HLA-C with asparagine at this position (HLA-Cw1, -3,
-7, and -8). The KIR3DL1 and S1 molecules predominantly recognize
HLA-B alleles that fall into the HLA-Bw4 class determined by residues
77–83 in the α1 domain of the heavy chain, whereas the KIR3DL2 molecule is an inhibitory receptor for HLA-A*03. One of the KIR products,
KIR2DL4, is known to be an activating receptor for HLA-G. The most
common KIR haplotype in whites contains one activating KIR and six
inhibitory KIR genes, although there is a great deal of diversity in the
population, with >100 different combinations. It appears that most
individuals have at least one inhibitory KIR for a self-HLA class I molecule, providing a structural basis for NK cell target specificity, which
helps prevent NK cells from attacking normal cells. The importance
of KIR-HLA interactions to many immune responses is illustrated
by studies associating KIR3DL1 or S1 with multiple sclerosis (Chap.
458), an autoimmune disease, but also with partial protection against
HIV (Chap. 226), in both cases consistent with a role for HLA-KIR
mediated NK activation. Studies also show an association of KIR2DS1
with protection from relapse following allogeneic bone marrow transplantation in acute myeloid leukemia when these inhibitory receptors
in the donors do not recognize the recipient HLA-C.
The LIR gene family (CD85, also called ILT) is encoded centromeric
of the KIR locus on 19q13.4, and it encodes a variety of inhibitory
immunoglobulin-like receptors expressed on many lymphocyte and
other hematopoietic lineages. Interaction of LIR-1 (ILT2) with NK or
T cells inhibits activation and cytotoxicity, mediated by many different HLA class I molecules, including HLA-G. HLA-F also appears to
interact with LIR molecules, although the functional context for this is
not understood.
The third family of NK receptors for HLA is encoded in the NK
complex on chromosome 12p12.3-13.1 and consists of CD94 and
five NKG2 genes, A/B, C, E/H, D, and F. These molecules are C-type
(calcium-binding) lectins, and most function as disulfide-bonded
heterodimers between CD94 and one of the NKG2 glycoproteins. The
principal ligand of CD94/NKG2A receptors is the HLA-E molecule,
complexed to a peptide derived from the signal sequence of classic
HLA class I molecules and HLA-G. Thus, analogous to the way in
which KIR receptors recognize HLA-C, the NKG2 receptor monitors
self–class I expression, albeit indirectly through peptide recognition
in the context of HLA-E. NKG2C, -E, and -H appear to have similar
specificities but act as activating receptors. NKG2D is expressed as a
homodimer and functions as an activating receptor expressed on NK
cells, γδ TCR T cells, and activated CD8 T cells. When complexed with
an adaptor called DAP10, NKG2D recognizes MIC-A and MIC-B molecules and activates the cytolytic response. NKG2D also binds a class
of molecules known as ULBP, structurally related to class I molecules
but not encoded in the MHC. The function of NK cells in immune
responses is discussed in Chap. 372e.

