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Evolution and expression of the
transplantation antigen gene family'

JAMES J. DEVLIN,* GEORG WIDERA,* ANDREW L. MELLOR," KAREN FAHRNER,*
DAVID SHERMAN,* ELISABETH H. WEISS,* AND RICHARD A. FLAVELL*

*Biogen Research Corporation, Cambridge, Massachusetts 02142; TClinical Research Center, Harrow, Middlesex HA 1
3U], England; and *Institute for Immunology of the University of Munich, D-8000 Munich 2,

Federal Republic of Germany

In 1937 Gorer reported that cell
surface antigens mapping to what is
now called the major histocompati-
bility complex (MHC) were responsi-
recently been shown that these class
I MHC antigens are encoded by only
a few members of a large gene family
(14, 16) (Fig. la). Class I antigens
consist of a ~45,000-dalton glyco-
protein and the separately encoded,
noncovalently associated, 12,000-dal-
ton By-microglobulin; these heterodi-
mers are usually expressed on the
cell surface, but some class I molecules
may be secreted (9). We have isolated
26 different class I heavy chain genes
from C57BL /10 (B10) mouse (b hap-
lotype); we have mapped all of these
genes to the MHC, located on chro-
mosome 17 in the mouse (Fig. 1b).
Two of the three class I genes that
we have mapped to the H-2 complex,
H-2K’ and H-2D", encode the type of
histocompatibility antigens reported
by Gorer.

These H-2 antigens have an essen-
tial role in the detection of foreign
antigens on the cell surface (3). For
example, virally infected cells are rec-
ognized and lysed by cytotoxic T
lymphocytes (CTL) only when viral
glycoproteins on the surface of the
infected cell are recognized in asso-
ciation with class I H-2 antigens. The
recognition of foreign antigens on a
wide variety of cell types is made
possible by the expression class I
H-2 antigens on virtually all nucleated
cells. More than 50 different alleles
of H-2K and H-2D have been identi-
fied; this extraordinary polymorphism
may be necessary to allow the popu-
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ABSTRACT

We have cloned 26 different class I genes that are located in the major

‘histocompatibility complex of the C57BL /10 mouse. Two of ‘the three class I

genes found in the H-2 complex encode the H-2K® and H-2D" antigens; the
other 23 class I genes map to the adjacent Tla complex. We have grouped the
cosmids containing these genes into three clusters: one cluster links the H-2K
and I-A regions, one cluster links the H-2D and Qa-2 regions, and the final
cluster maps to the TL region. The class I gene organizations in the Qa-2 and
TL regions of the C57BL/10 and BALB/c mice are generally similar, but there
are several polymorphic segments. The Qa-2 region of both mice seems to have
evolved by the duplication of gene pairs; furthermore, the H-2K region may
have been generated by the translocation of a gene pair from the Qa-2 region.
We have evidence that several of the genes in the Qa-2 region are expressed.—
Devlin, J. J.; Widera, G.; Mellor, A. L.; Fahrner, K.; Sherman, D.; Weiss,
E. H.; Flavell, R. A. Evolution and expression of the transplantation antigen

gene family. Federation Proc. 44: 2736-2740; 1985.

lation to recognize many different
foreign antigens (7). The less poly-
morphic class I antigens encoded in
the Tla complex (e.g., Qa-2,TL) are
expressed only on certain lymphocyte
populations, and although the major-
ity of class 1 genes lie in the Tla
complex, the function of their gene
products is not known.

To determine the organization of
this gene family, we screened cosmid
libraries by using class I cDNA clones
(13) as probes and isolated over 100
cosmids, each containing an insert of
~40 kilobases (kb) of murine DNA.
By restriction mapping and chromo-
somal walking experiments, we have
arranged these clones into just three
clusters of overlapping cosmids. One
cluster links the H-2K and I-A regions;
one cluster links the H-2D and Qa-2
regions; and the final cluster maps to
the TL region.

THE H-2K REGION

The two class I genes KI and K’
shown in Fig. 2 were mapped to the
H-2K region by restriction fragment
length polymorphisms (16); a similar
gene pair has been mapped to the H-
2K region of the BALB/c mouse (d
haplotype) (14). L cells transformed
with the K’ gene expressed the K’
antigen as determined by both CTL
and antigen-binding assays (10).
These class I genes have been linked
to the newly identified Ag; class 11
sequence, which we isolated by using
an Ag, probe. Previously identified

! From the Minisymposium Molecular Biology
and Chemistry of MHC- and Tla-Encoded Molecules
presented at the 68th Annual Meeting of The
American Association of Immunologists, St.
Louis, Missouri, June 4, 1984. Accepted for
publication September 27, 1984.

0014-9446/85/0044-2736/$01.25. © FASEB
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Figure 1. a) Intron-exon structure of the H-2K* gene. The black boxes represent exons and the
striped box represents 3’ untranslated sequences in the mRNA. Exon 1 encodes the leader
sequence, which is removed from the mature protein. Exons 2, 3, and 4 encode the three
external protein domains of the class I antigen; exon 5 encodes the transmembrane domain;
and exons 6, 7, and 8 encode a cytoplasmic domain. We use the intron between exons 3 and 4
to divide class I genes into 5" and 3' regions in other figures. Other class 1 genes have a similar
intron-exon structure. ) Murine chromosome 17. The centromere is at the left. Class I genes
are found in the K and D regions of the H-2 complex; the I-A and /-E regions contain class II
genes; the S region encodes components of the complement pathway. The Tla complex contains
the majority of the murine class I genes, including those that encode the Qa-2 and TL. antigens.

class I1 genes, which encode cell sur-
face glycoproteins involved in the as-
sociative recognition of antigens by
helper T cells, have been mapped to
the I-A and I-E regions of the H-2
complex (Fig. 1b).

Although Ag; has not yet been
linked to cosmids containing other
class IT genes in the I-A region, re-
striction fragment length polymor-
phisms suggest that Ag; is in fact
located in the I-A region. The single-
copy localization probe shown in Fig.
2 was hybridized to genomic blots of
Poull-digested DNA from the strains
of mice listed in Fig. 3. The probe
detected different patterns of restric-
tion fragments in the % ¢, and s
haplotypes. In the case of the recom-
binant strain A.TL, the probe hy-
bridized to a % haplotype pattern.
This strain is s haplotype in the H-2K
region and k haplotype in the I-A

region, thereby mapping the localiza-
tion probe, and presumably also the
I-Ag; sequence, to the I-A region in
this strain. Restriction fragment
length polymorphisms between the ¢
and % haplotypes mapped the localiza-
tion probe to the H-2K region in the
B10.AQR recombinant strain; thus
the recombinations that generated the
A.TL and B10.AQR strains appar-
ently occurred on different sides of
the localization probe as shown in
Fig. 3. This would establish a map
order of: centromere, KI, K’ IA
region. We have also confirmed the
linkage of H-2K to Ag; in the k hap-
lotype.

THE H-2D AND Qa-2 REGIONS

We have linked the H-2D and Qa-2
regions with a 320-kb cosmid cluster

(Fig. 4a). Restriction fragment length
polymorphisms map the D’ gene to
the H-2D region (16). L cells trans-
formed with this gene express the D®
antigen on their surface as deter-
mined by CTL assays (15). Using
restriction fragment length polymor-
phisms, we mapped probes isolated
from immediately 5" of the Q/ and
Q9 genes to the Qa-2 region, as de-
fined by the B6.K1 and B6.K2 mice
(4, 16). Thus, 10 of the genes in this
cluster, all of which are in the same
3’ to 5’ orientation, map to the Tla
complex.

A comparison of the B10 Qa-2
region restriction map to the maps of
the BALB/c cosmid clusters reported
by Steinmetz et al. (14) is shown in
Fig. 4b. For the most part, the B10
and BALB/c restriction maps are in
good agreement; however, in some
areas (e.g., Q2 and Q3) the maps are
substantially different. This compari-
son also suggests that the 5 end of
the BALB/c gene 7 was derived from
a Q8-like gene whereas the 3’ end of
gene 7 was derived from a Q9-like
gene. Thus, the BALB/c gene 7 may
be a fusion gene formed by the dele-
tion shown in Fig. 4b.

The B10 restriction map also shows
that the Q6 and Q7 gene pair is very
closely related to the Q8 and Q9 gene
pair. The Q4 and Q5 gene pair is also
similar; however, the map of Q4 di-
verges somewhat from Q6 and Q8.
The similarity of these gene pairs
suggests that this region has evolved
by the duplication of gene pairs. In
fact, probes that hybridize to the 5’
and 3' flanking regions of these genes
show that genes Q4-010 are all closely
related (16). These flanking probes
do not hybridize near the TL or Q1I,
02, and Q3 genes, and only the 3’
flanking probe hybridizes to the H-
2D% gene. In fact, other 5’ flanking
probes indicate that the QI, Q2, and
Q3 genes are closely related to the
TL genes (16).

Figure 2. The H-2K region. The genes are indicated by thick black bars. The arrows above them point in the direction of transcription or to the
3’ end of the gene. The L indicates the location of the probe used to map the Ag; gene. The enzymes used for the restriction map were Kpnl (K)

and Sall (S).
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Figure 3. Localization of the A;; gene. The approximate points of recombination relative to the
H-2K, I-Ag;, and I-Ag, genes are shown for the A.TL and BI10.AQR mice. The open bars
indicate k haplotype DNA; the striped bar indicates s haplotype DNA; the hatched bar indicates
¢ haplotype DNA. The arrow indicates the relative position of the localization probe. The table
gives the haplotypes of the H-2K and K-Ag, genes in the strains of mice used in these experiments.

Data from ref 8.

The flanking probes that hybridize
near the paired genes in the Qu-2
region show similar patterns of hy-
bridization in the H-2K region (Fig.
5). For example, one of the 5’ flanking
region probes hybridizes to a 640
base pair BamHI fragment flanking

the 5-most gene of the Qa-2 and H-
2K region gene pairs while it hybrid-
izes to a 680 base pair fragment
flanking the 3'-most gene in each
pair. These hybridization patterns in-
dicate that the H-2K region gene pair
is more closely related to the Qu-2

region gene pairs than to other class
I genes, which suggests that the H-
2K region was generated by the
translocation of a pair of genes from
the Qa-2 region. In another example
of possible information transfer from
the Qu-2 region to the H-2K region,
the Q70 gene has been identified as
a potential donor of a 13-51 base
pair segment of DNA that generated
the H-2K""' mutation by gene conver-
sion (12).

We have preliminary evidence that
several of the genes in the Qa-2 region
are expressed. The exons of the Q10
gene are more than 99% homologous
to a gene from the ¢ haplotype that
encodes a secreted class 1 antigen
{11), and this gene is apparently tran-
scribed in the b haplotype (2). We
have also synthesized a 19 base pair
oligonucleotide complementary to a
region in the third exon of the Q8
gene. This oligomer. also. hybridizes
to the Q6 gene, which is not surprising
because Q6 and Q8 occupy analogous
positions in the Qu-2 region gene
pairs. This probe detects a class I-
sized mRNA in Northern blots of
RNA from the cloned CTL line 2C.
We have constructed a cDNA library
from this same CTL line and isolated

Figure 4. a) Class 1 genes in the H-2D and Qu-2 regions. The arrows point to the %' end of the genes. b)) Comparison of the Qu-2 regions of the
B10 and BALB/c mice. The arrows point to the 3’ end of the genes. The dashed lines indicate what seem to be deletions in the BALB/c
chromosome with respect to the BI0 chromosome. The enzymes used for the restriction map weve Kpnl (K), Hpal (H), Sall (S), Clal (C), Xhol

(X). Nrul (N), and BamHI (line with dot on end).
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Figure 5. Comparison of H-2K and Qa-2 region gene pairs. The genes are indicated by black
boxes; the arrows point to the 3’ end of the genes. The other boxes indicate the regions that
hybridize to three different 5' flanking probes and one 3’ flanking probe. The numbers indicate
the size in nucleotides of the BamHI fragment to which the middle 5’ flanking probe hybridizes.

clones containing class I sequences.
An oligonucleotide complementary to
the 3' untranslated region of one of
these cDNA clones hybridized to only
genes Q5, Q7, and Q9. We are cur-
rently working on precisely identify-
ing the class I genes in the Qa-2 as
well as the TL region that are ex-
pressed.

THE TL REGION

We have cloned 13 class I genes that
map to the TL region. These genes
are in a 180-kb cosmid cluster; unlike
the Qa-2 region genes, these genes

are not all in the same 3' to 5 orien-
tation. Restriction fragment length
polymorphisms allowed us to map a
probe isolated from just 5’ of the T']
gene to the TL region, as defined by
the B6.K2 mouse (4, 16). The ori-
entation of this cluster with respect
to the centromere is not known.
Comparison of restriction maps
shows that the BALB/c (14) clusters
3 and 4 can be aligned with the B10
TL cluster (Fig. 6). Although the re-
striction site maps differ in the area
between the T'/1 to T13 genes, all 27
restriction sites are identical in the

T1 to TI10 region. This is the most
conserved class I gene region we have
identified in comparing the BALB/c
and B10 mice. We have not isolated
a gene that corresponds to the gene
reported to express the TL antigen
in the BALB/c mouse (5).

THE ROLE OF Tla COMPLEX
CLASS | GENES

We are currently examining the tran-
scription of the 23 Tla complex class
I genes in different tissues and stages
of development. This information
should be helpful in determining the
biological function of the class I genes
in the Qa-2 and TL regions. However,
one function for these genes has been
suggested that does not require their
expression: they may serve as a res-
ervoir of sequence information that
can be transferred to H-2 complex
class I genes by gene conversion (1).
Thus these genes may be an impor-
tant part of the mechanism for gen-
erating allelic polymorphism in the
H-2 complex. (]

Figure 6. Comparison of the C57BL./10 and BALB/c TL regions. The genes are indicated by black bars with arrows pointing to the 3’ end of
the genes. The symbols 5,3’ above genes indicate that the 5’ to 3’ orientation has not been established. Those bars with only 5 or 3’ above them
indicate that only the 5' or 3’ section of a class I gene has been detected. The symbols for restriction enzymes are the same as those used in

Fig. 4.
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