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A New Cluster of Genes Within the Human Major
Histocompatibility Complex

THOMAS SPIES, GEORGE BLANCK, MAUREEN BRESNAHAN,
JoHN SANDS,* JACK L. STROMINGER

A 435-kilobase (kb) DNA segment, which is centromeric to HLA-B in the human
major histocompatibility complex, was isolated by chromosome walking with overlap-
ping cosmids. Within the cloned region, the genes for the tumor necrosis factors
(TNFs) a and § and HLA-B were 210 kb apart. The human homolog of a mouse gene,
B144, was located next to TNFa. Moreover, the presence of additional genes was
suggested by a large cluster of CpG islands. With cosmid probes, several distinct
transcripts were detected in RNA samples from a variety of cell lines. Altogether, five
novel genes were identified by isolation of corresponding complementary DNA clones.
These “HLA-B—associated transcripts” (BATs) were mapped to different locations
within a 160-kb region that includes the genes for TNFa and TNF. The presence of
the genes for BAT1 to BATS5 in the vicinity of HLA-B again raises the question of
which gene in this region determines susceptibility to ankylosing spondylitis.

THE HUMAN MAJOR HISTOCOMPATI-
bility complex (MHC) includes nu-
merous genes involved in immune
system responses. The class I (HLA-A, -B,
and -C) and class II (DR, DQ, and DP)
gene families encode highly polymorphic
cell surface receptors that bind peptides de-
rived from antigen and mediate T cell activa-
tion (1-3). The class III genes code for
components of the complement system
(C4A, C4B, Bf, and C2) and steroid 21-
hydroxylase (4). These three regions are
arranged in the order class II, class III, and
class I, from centromere to telomere on the
short arm of chromosome 6. In addition,
the genes for TNFa and TNFB are located
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within the MHC (5). A 3500-kb molecular
linkage map of the entire MHC has been
established by pulsed-field gel electrophore-
sis (PFGE) (6-8). The distance between the
most telomeric class II locus, DR, and the
class III region is about 400 kb. The class IIT
gene C2 is separated from the proximal class
I locus, HLA-B, by 600 kb. This interval
includes the closely linked genes for TNFa
and TNFg.

Population studies suggest that the MHC
region between DR and HLA-B may en-
code important information. Some HLA-B
and DR alleles together represent haplo-
types that prevail through strong linkage
disequilibrium (9, 10). Moreover, suscepti-
bility to a number of diseases is associated
with certain HLA-B and DR alleles. Among
the tightest correlations is that between
HLA-B27 and the rheumatoid disease anky-
losing spondylitis (11, 12).

In the present study, the possibility that
unidentified genes are located in proximity
to HLA-B has been explored. Linkage data
generated by PFGE in combination with
cosmid cloning (this report) have localized
the TNFa and TNFR gene pair about 200
kb centromeric of HLA-B (7). The genes for
the two TNFs are contained together within
6 kb and are in the same transcriptional
orientation (13). TNFB is nearest to HLA-
B, and the 5' ends of these two genes are
directed toward each other (7). The genetic
organization in the mouse H-2 complex is
similar, except that the TNF@ gene is only
70 kb distant from H-2D, the murine ho-
molog of HLA-B (14). These facts guided a
bidirectional chromosome walk between the
genes for the TNFs and HLA-B.

Cosmid libraries were screened with la-
beled TNFa ¢DNA and a locus-specific
genomic probe for HLA-B, and isolated
clones were analyzed by restriction mapping
and DNA blot hybridization. The HLA-B
gene was encoded in the cosmids M20A and
032A (Fig. 1). Its position and relative
orientation were determined with probes for
the 5’ and 3’ ends, respectively. The cosmids
M2A, M31A, O19A, O30A, and O31A
contained the genes for TNFa and TNFB
(Fig. 1). The arrangement of the two genes
was inferred from hybridization experiments
in which the corresponding probes were
used individually. The results obtained were
in accord with published data (13). To
expand the cloned TNF and HLA-B regions
toward each other, overlapping series of
cosmids were isolated with walking probes
(wp’s) that were prepared from several loca-
tions upstream from the genes for TNF
and HLA-B, respectively (15). Thus, the
genes for the TNFs and HLA-B were linked
within a continuous stretch of cosmids in a
210-kb distance (Fig. 1). This result was
corroborated by data derived from PFGE
(7, 8). Additional cosmids were cloned
downstream from TNFa (15). Altogether, a
total of 435 kb was obtained in a contiguous
cosmid cluster, currently the largest cloned
segment of the human genome. Upon align-
ment with a PFGE linkage map, the centro-
meric breakpoint of the cloned region was
about 200 kb from the C2 gene in the MHC
class III complement gene cluster (8).

In the mouse H-2 complex, the gene
B144, which is transcribed specifically in B
cells and macrophages, is located 10 kb
downstream from TNFa (16). The human
B144 homolog was found in a correspond-
ing position within the cosmid O30A by
DNA blot hybridization with the mouse
cDNA probe (Fig. 1).

Within the cloned region, an accumula-
tion of Bss HII and Sac II sites, which are
relatively rare in mammalian genomes, was
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mapped to a 50-kb segment about 40 kb
downstream from the TNFa gene (Fig. 1).
Cleavage by Bss HII and Sac II frequently
identifies CpG-rich sequences, which consti-
tute a minor fraction in mammalian DNA
and are often associated with the 5’ ends of
genes (17, 18). This correlation was exempli-
fied by the presence of three tightly spaced
Bss HII and Sac II sites within the 5’ region

of the HLA-B gene (Fig. 1). These observa-
tions raised the possibility that additional
genes were encoded within the cloned re-
gion, most likely centromeric of TNFa.
RNA blots of fractionated samples of
polyadenylated [poly(A)*] RNA from the
cell lines HPB-ALL (T cell), Raji (B cell),
U937 (monocyte), HeLa, and M1XP (fi-
broblast) were probed with a selection of

cosmid inserts representing the region be-
tween the cosmid R13B and the HLA-B
gene. To prevent hybridization of probes to
highly repeated sequences, we used a prean-
nealing procedure. Two transcripts of about
1.7 and 6 kb were detected with the M9A
and R13B cosmid probes, respectively.
These “HLA-B-associated transcripts” 1
and 2 (BAT1 and BAT2) were found in all
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Flg. 1. Molecular structure of the 435-kb MHC region centromeric of HLA-
B. This genomic segment is defined by a series of cosmids shown at the
bottom. They were mapped by means of the restriction enzymes Bss HII, Sac
IL, Sal I, Cla I, Xho I, Kpn I, Xba I, and Bam HI. The top line gives the scale
(in kilobases). Closed boxes refer to genes. Arrows show the direction of
transcription of genes. The orientation of the genes for BAT1 to BAT3 is
based on nucleotide sequence data (20). Open boxes indicate locations of
walking probes (wp’s). The cosmid library and the screening procedure have
been described (21). DNA probes were labeled with [32P]dCTP by the
random hexamer priming procedure (22). The HLA-B locus-specific probe
was the 885-bp Xba I ent (3’ untranslated region) from a genomic
subclone, B7-14 (23). A 665-bp Eco RI/Aha II nt from the same
source was used as a probe for the 5’ end of HLA-B. The TNFa cDNA
probe was the 650-bp Pst I insert from phTNF5 (24). The TNF probe was
the 380-bp Pst I/Eco RI fragment (exon IV) from a genomic 2.4-kb Eco RI
subclone (13). A 350-bp Pst I/Bam HI mouse cDNA fragment was used as a
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Fig. 2. Localization of the genes for BAT1 through BAT5 within cloned
cosmids and detection in total genomic DNA by DNA blot analysis (28). In
parallel experiments, total Mann cell DNA [left panel in (A) to (E)] and
cosmid clones [right panel in (A) to (E)] were compared. (A) The BAT1-3
cDNA probe hybridized to the cosmid U10A and identified corresponding
fragments in total genomic DNA. Digests were with Xba I, Xba Kpn I, and
Xba I/Bam HI, respectively. In (B) to (E), all the bands displayed on the total
genomic DNA blots with the BAT2 to BAT5 probes were matched by
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probe for the B144 gene (16, 31). After hybridization with the B144 probe,
the final wash was in 2X standard saline citrate (SSC), at 65°C. The wp’s S,
T, U, V, W, X, Y, Z were 200- to 600-bp Alu I, Hae III, or RsaI ents
derived from the cosmids O30A, M2A, M9A, R9A, R5A, R17A, M20A,
and O32A, respectively. These probes were subcloned and selected for
absence of repeat sequences (21). By means of a modification of another
protocol (25), the wp’s O, P, Q, and R were prepared from 3- to 6-kb
restriction fragments isolated from the cosmids K16A, K15A, K22A, and
K23C, respectively. DNA samples were digested with Sau 3AI, labeled, heat
denatured in the presence of sonicated human total genomic DNA (10 mg/
ml; average size 300 to 800 bp) in 6x SSC, incubated on ice for 1 min, and
preannealed for 10 min at 68°C. This procedure was also used to process
entire 35- to 40-kb cosmid inserts for probing RNA blots and cDNA
libraries. The two cDNA libraries used to obtain clones for BAT1 through
BAT5 were from the human B and T cell lines JY and HPB-ALL,
respectively (26, 27, 31).
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cosmid fragments. (B) Hybridization of the BAT2-5 cDNA probe to the
cosmid K19A, digested with Bam HI, Bam HI/Xba I, and Xba I, respective-
ly. (C) Hybridization of the BAT3-15 cDNA probe to the cosmid K4B,
digested with Bam HI, Bam HI/Kpn I, and Bam HI/Xba I, respectively. (D)
Hybridization of the BAT4-3 cDNA probe to the cosmid K23C, digested as
in (B). (E) Hybridization of the BAT5-1 cDNA probe to the cosmid K17B,

digested as in (C).
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Fig. 3. Northern blot analysis of the expression of the genes for BAT1
through BAT5. Lanes 1 to 5 in (A) to (E) include poly(A)* RNA samples (2
ng cach) from HPB-ALL, Raji, U937, Hela, and M1XP, respectively,
separated by electrophoresis in 1% agarose-formaldehyde gels (28-30). (A)
The BAT1-3 cDNA probe detected the corresponding 1.7-kb transcript as

Table 1. Length of BAT1 to BAT5 cDNAs and
mRNAs.

Gene cDNA (kb) mRNA (kb)
BAT1 1.7 1.7
BAT2 5.0 6.0
BAT3 38 40
BAT4 0.9 1.6
BAT5 2.0 2.0

of the five cell lines tested (see below).

A number of BAT1 cDNA clones were
isolated from a JY library with the M9A
cosmid probe. Most of the cDNAs were 1.7
kb long and had matching restriction maps.
The clone BAT1-3 was used to localize the
BAT1 gene within the overlapping cosmids
MO9A and UlOA, 30 kb upstream from
TNEFB (Fig. 1). A DNA blot of total geno-
mic DNA displayed corresponding bands
(Fig. 2A). However, some additional frag-
ments hybridizing to the BAT1-3 probe
were not accounted for by the cosmid
U10A, although it included the complete 8-
kb BAT1 gene. Moreover, these fragments
were absent from the entire 435-kb cloned
region. Thus, at least one additional gene
closely related to BAT1 is encoded in the
genome, most likely outside the MHC. This
idea was supported by two more cDNA:s,
BAT1-2 and BAT1-36, which were distinct
from BAT1-3. These 3-kb clones comprised
a section hybridizing strongly to BAT1-3 as
well as unique sequences.

BAT2 cDNA clones were obtained by
screening a HPB-ALL library with the
R13B cosmid probe. The 5-kb clone BAT2-
5 was the longest of several homologous
cDNAs with different truncation sites (Ta-
ble 1). DNA blot analysis of the overlapping
cosmids R13B and K19A next to total
genomic DNA demonstrated that the BAT2
gene was a 13-kb locus 48 kb downstream
from TNFa (Fig. 2B). To address the possi-
bility that additional genes were encoded
adjacent to BAT2, the HPB-ALL ¢cDNA
library was screened with a number of cos-
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mid probes comprising the region between
the BAT2 gene and the centromeric end of
the cosmid cluster. Two distinct sets of
cDNAs were isolated with the K4B cosmid
probe. DNA blot analysis established that
two genes, BAT3 and BAT4, were included
in the cosmid K4B (Fig. 2, C and D). The
longest BAT3 cDNA, BAT3-15, was 3.8
kb. The location of the 12-kb BAT3 gene
was only 2.5 kb from BAT2 (Fig. 1). For
BAT4, two 900-bp cDNAs were obtained.
By means of the clone BAT4-3, the BAT4
gene was mapped within the overlapping
cosmids K4B and K23C 9 kb from BAT3
(Fig. 2D). After another library screening, a
single 2-kb cDNA, BATS5-1, was isolated
with the K17B cosmid probe. DNA blot
hybridization showed that the BAT5 gene,
like the genes for BAT2, BAT3, and BAT4,
was a single-copy sequence (Fig. 2E). The
location of the 10-kb BAT5 gene was 18 kb
from BAT4. No additional cDNA clones
were identified upon screening the HPB-
ALL library with the K16A and K11C
cosmid probes.

RNA blot analysis with the BAT1-3
cDNA probe showed two transcripts of
about 4 and 5 kb in addition to the 1.7-kb
BAT1 mRNA (Fig. 3A). This result sup-
ported the data that suggested the existence
of at least one more gene highly homolo-
gous to BAT1 (Fig. 2A). The BAT2 and
BAT3 mRNAs were about 6 and 4 kb in
length, respectively, and were expressed at
levels comparable to BAT1 (Fig. 3, B and C,
and Table 1). As inferred from cDNA clon-
ing, the abundance of these mRNAs was
about 0.02%. In contrast, the BAT4 (1.6
kb) and BAT5 (2 kb) transcripts were at
most 1/20 as frequent (Fig. 3, D and E). All
of the BAT mRNAs were present in all of
the cell lines examined (Fig. 3, A to E), in
agreement with the idea that most genes
associated with CpG islands are ubiquitous-
ly expressed (18). Thus, BAT2 and BAT3, as
well as BAT4 and BAT5, may represent
gene pairs, with the rate of transcription
coordinately regulated within each pair, and
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well as two additional mRNAs of 4 and 5 kb, respectively. (B and C) Single
transcripts of 6 and 4 kb hybridized to the BAT2-5 and BAT3-15 cDNA
probes, respectively. (D and E) The mRNAs hybridizing to the BAT4-3 and
BAT5-1 cDNA probes were 1.6 and 2 kb in length, respectively, and were
expressed at very low levels.

each pair coding for products that are relat-
ed or complementary in function.

In conclusion, a cluster of eight genes is
contained within a 160-kb MHC segment
between the class I gene for HLA-B and the
class III region. At present, the structure and
function of the genes for BAT1 to BATS are
unknown. Further investigation will deter-
mine whether they represent a family of
genes with common structures, functions,
or both, as are the class I, I, and III genes of
the MHC. Their location in the vicinity of
HLA-B raises the question of whether the
association of ankylosing spondylitis with
HLA-B27 is due to this allele or rather to a
variant of another gene in this region. A
number of restriction fragment length poly-
morphisms (RFLPs) have already been
identified with probes, both wp’s and
c¢DNAs from different locations within the
cloned 435-kb region (19). Segregation
analysis of these RFLPs should resolve this
controversy. Finally, virtually all of the hu-
man MHC genes are involved in the im-
mune system. Therefore, the question of
whether the products of the genes for BAT1
to BATS also play some role in immunity is
of interest.
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Polymerase Chain Reaction with Single-Sided
Specificity: Analysis of T Cell Receptor 8 Chain

ErwyN Y. Lon, JouN F. ELLioTT,* STEVE CWIRLA, LEWIS L. LANIER,

Marx M. Davis

In the polymerase chain reaction (PCR), two specific oligonucleotide primers are used
to amplify the sequences between them. However, this technique is not suitable for
amplifying genes that encode molecules where the 5’ portion of the sequences of
interest is not known, such as the T cell receptor (TCR) or immunoglobulins. Because
of this limitation, a novel technique, anchored polymerase chain reaction (A-PCR),
was devised that requires sequence specificity only on the 3’ end of the target fragment.
It was used to analyze TCR & chain mRNA’s from human peripheral blood y8 T cells.
Most of these cells had a V8 gene segment not previously described (V33), and the &
chain junctional sequences formed a discrete subpopulation compared with those

previously reported.

HE POLYMERASE CHAIN REACTION

(PCR) is useful in the analysis of

DNA or RNA sequences from mi-
nute quantities of starting material (7).
PCR, however, requires sequence informa-
tion on both sides of the region of interest,
and thus is of limited use in the analysis of
sequences that have variable termini, such as
those of the T cell antigen receptor (TCR)
or immunoglobulins. We now show that
homopolymer tailing of the variable (V)
region end of T cell receptor cDNA’s and
the attachment of an “anchor” sequence can
effectively substitute for the unknown se-
quence information. With an anchor primer
and primers complementary to the constant
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(C) or joining (J) regions, T cell receptor
mRNA’s from small amounts of total RNA
can be rapidly amplified and analyzed. We
term this procedure anchored polymerase
chain reaction (A-PCR) and use it to analyze
the diversity of TCR 8 chain mRNA’s de-
rived from human peripheral blood lympho-
cytes.

Most T cells in higher organisms express
the af TCR heterodimer and are of the
helper or cytotoxic subsets (2). Another
TCR heterodimer, v (3), whose genes have
been isolated and characterized (4-6), is
present on up to 10% (3) of normal human
peripheral blood lymphocytes of unknown
function. The y3 TCR has a limited number

of germline V regions available, despite a
large amount of junctional diversity (2, 6,
7). There are 11 human V,, genes identified,
versus 50 to 100 for Vg and V, (8). Only
two Vs genes have been identified in hu-
mans. Vsl is the predominant gene used in
thymocytes, but the monoclonal antibody
(MAD) TCS31 for Vsl stains only a small
fraction of peripheral blood v& T cell lines
(9). Thus, peripheral blood y& bearing T
cells present an interesting target population
for A-PCR analysis.

In this A-PCR procedure (Fig. 1),
mRNA is first transcribed with reverse tran-
scriptase and a poly(dG) tail is added to the
3" end of the strand with terminal deoxynu-
cleotidyl transferase (TdT). The product is
then amplified with a specific 3 primer (in
this case a Js1 oligonucleotide) and another
oligonucleotide consisting of a poly(dC) tail
attached to a sequence with convenient re-
striction sites, termed the “anchor” (10). In
pilot experiments, A-PCR generated a single
band with known cloned ¢cDNA sequences
that had either 12 or 22 G’s at the 5" end
(due to the way they had been cloned).
The first round of DNA synthesis was
primed with the anchor-poly(dC) primer
(ANpolyC), and subsequent amplification
of the poly(dG)-bearing strand was per-
formed with either ANpolyC or the anchor
(AN) primer [without the poly(dC) tail]
along with the specific 3’ primer. These gave
roughly equivalent results. The procedure
was then tested with total RNA (3 pg) from
the Molt 13 and Peer cell lines, which
express & chain mRNA. First strand synthe-
sis was primed with either a C; region
primer or with poly(dT). The subsequent
amplification was done with ANpolyC and a
J region primer (Fig. 1). When the colonies
containing the amplified cDNA’s were
screened with a V1 region probe, approxi-
mately 10% were positive. DNA from sever-
al of these colonies were sequenced, and the
sequences agreed with the published se-
quences (11). This demonstrated that A-
PCR can isolate the receptors from cell lines,
starting with relatively small amounts of
total RNA (equivalent to 10° cells).

We then used total RNA (~5 pg) from a
polyclonal cell line, established from inter-
leukin-2 (IL-2)~-stimulated peripheral blood
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