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ABSTRACT A 600-kilobase (kb) DNA segment from the
human major histocompatibility complex (MHC) class HI
region was isolated by extension of a previous 435-kb chromo-
some walk. The contiguous series of cloned overlapping
cosmids contains the entire 555-kb interval between C2 in the
complement gene cluster and HLA-B. This region is known to
encode the tumor necrosis factors (TNFs) a and (, B144, and
the major heat shock protein HSP70. Moreover, a cluster of
genes, BAT1-BAT5 (HLA-B-associated transcripts) has been
localized in the vicinity of the genes for TNFa and TNF3. An
additional four genes were identified by isolation of corre-
sponding cDNA clones with cosmid DNA probes. These genes
for BAT6-BAT9 were mapped near the gene for C2 within a
120-kb region that includes a HSP70 gene pair. These results,
together with complementary data from a similar recent study,
indicated the presence of a minimum of 19 genes within the
C2-HLA-B interval of the MHC class III region. Although the
functional properties of most of these genes are yet unknown,
they may be involved in some aspects of immunity. This idea is
supported by the genetic mapping of the hemopoietic histocom-
patibility locus-i (Hh-1) in recombinant mice between TNFa
and H-2S, which is homologous to the complement gene cluster
in humans.

The human major histocompatibility complex (MHC) is de-
fined by the highly polymorphic class I (HLA-A, -B, and -C)
and class II (DR, DQ, and DP) immune response genes.
These encode cell-surface receptors for peptides derived
from antigen by intracellular proteolysis, which mediate the
clonal activation of cytotoxic and helper T lymphocytes,
respectively (1-4). Various MHC class I and class II alleles
are associated with susceptibility to a large number of dis-
eases (5). Many of these are caused by cellular and/or
humoral autoimmune responses and some are linked to
certain class II DR and DQ alleles. Evidence has mounted
that single polymorphic amino acid residues within the pu-
tative peptide binding cleft of class II molecules correlate
with disease susceptibility (6). However, in most cases the
role of the MHC in predisposition to disease is not under-
stood. Within the MHC, allelic combinations of the distant
class I and class II loci display linkage disequilibrium. Thus,
the MHC may contain a number of presently unknown
disease-related genes.
The MHC comprises a chromosomal segment of 3500

kilobases (kb). A molecular linkage map of the entire MHC
has been established by pulsed-field gel electrophoresis (7, 8).
The class I and class II gene families are located within
distinct 1600- and 900-kb regions at the telomeric and cen-
tromeric end ofthe MHC, respectively, and flank the 1000-kb
central MHC class III region. This interval contains within
100 kb a cluster of closely linked genes for several comple-
ment factors (C4A, C4B, Bf, and C2) and steroid 21-
hydroxylase (21-OHA and 21-OHB) (9, 10). On the centro-

meric side, the gene for 21-OHB is 350 kb distant from the
nearest class II locus, DR. Presently, no genes have been
localized within this region. On the telomeric side, the gene
for C2 is separated by 600 kb from the proximal class I locus,
HLA-B. This interval includes the genes for the tumor
necrosis factors (TNFs) a and 83 and the major heat shock
protein HSP70 (7, 8, 11).
To identify genes within the MHC class III region, a 435-kb

genomic segment centromeric to HLA-B has recently been
isolated by chromosome walking with overlapping cosmids
(12). In addition to HLA-B, the cloned region includes the
genes for TNFa, TNF3, and B144. Moreover, five previously
unidentified genes, BAT1-BAT5 (HLA-B-associated tran-
scripts), have been discovered. As an extension of these
previous data, the present study provides a molecular anal-
ysis of the entire 600-kb C2-HLA-B interval. An additional
four genes, BAT6-BAT9, were detected by isolation of
corresponding cDNA clones. Together with a pair of genes
encoding HSP70, the genes for BAT6-BAT9 were mapped
within 120 kb ofDNA near the gene for C2. Thus, the MHC
class III region contains a surprisingly large number of genes
with yet unknown functional properties. Like most MHC
genes, the genes for BAT1-BAT9 may also be involved in
some aspects of immunity. This hypothesis is supported by
genetic mapping of the hemopoietic histocompatibility locus-
1 (Rh-h) in H-2 recombinant mice between TNFa and H-2S,
which is equivalent to the complement gene cluster in hu-
mans (13, t).

MATERIALS AND METHODS
Cosmid Cloning. Cosmid libraries were prepared from

partial Sau3AI digests of total genomic DNA from the
B-lymphoblastoid cell line Mann. The 35- to 45-kb fraction
was obtained by centrifugation in sucrose gradients (10-40%o)
and was ligated with the vector pTCF, which had been
linearized with BamHI and treated with calf intestinal phos-
phatase (15). After in vitro packaging (Gigapack; Stratagene)
and transduction into Escherichia coli 490A, -6 x 105 clones
were plated onto nitrocellulose filters and the cosmid library
was processed as described (16). DNA probes were labeled
with [32P]dCTP by random hexamer priming (17). Hybrid-
izations were in 6x NaCI/Cit (lx NaCl/Cit is 0.15 M
NaCI/0.015 M sodium citrate) containing 5x Denhardt's
solution (1x Denhardt's solution is 0.02% bovine serum
albumin/0.02% Ficoll/0.02% polyvinylpyrrolidone), 10%o
(wt/vol) dextran sulfate, 0.2% NaDodSO4, and sonicated
salmon sperm DNA (100 jig/ml) for 16 hr at 65°C. High-
stringency washing of filters was at 65°C in 0.1x NaCl/

Abbreviations: MHC, major histocompatibility complex; 21-OH,
21-hydroxylase; TNF, tumor necrosis factor; BAT, HLA-B-associ-
ated transcript; wp, walking probe(s).
*Present address: Division ofTumor Virology, Dana-Farber Cancer
Institute, Harvard Medical School, Boston, MA 02115.
tSimmons, W. S., Bennett, M., Rembecki, R. M., Kumar, V.,
David, C. S. & Yuan, D., Seventh International Congress on
Immunology, July 1989, Berlin, p. 99 (abstr.).
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Cit/0.1% NaDodSO4. Filters were exposed to Kodak XAR-5 < E 0 0

film for 6-12 hr. Isolated cosmid clones were analyzed by 0 *.a

restriction mappingand DNA blot hybridization. ThecDNA
probe for C2 was a 750-base-pair (bp)Pvu II fragment from 0 .= _c
pC274 (9). A 2.3-kb BamHI/HindIII human cDNA fragment C-_I
was used as a probe for HSP70 (18). 0 < I
Chromosome Walking. Single-copy walking probes (wps) ]J o

were obtained by a preannealing procedure that prevents J na
hybridization of repeat sequences (12). Purified DNA frag- ° | =E
ments from distal cosmid insert locations were digested with _Ix
Sau3AI, labeled, heat denatured in the presence of human N o
placenta DNA (10 mg/ml) (Sigma type XIII; sonicated to . .
yield an average size of 300-800 bp) in 0.1 ml of 0.9 M g CZr
NaCl/O.09 M sodium citrate, incubated 1 min on ice, and I 1J<< 1

preannealed 10 min at 65°C. The chromosome walk was an 0 o
extension of a previously reported 435-kb stretch of over- ]J J oo
lapping cosmids (12). The cosmids S6B and S8B were cloned -, < -
with wpN from K11C (see Fig. 1). From S8B, wpM was $ ci o
derived to isolate P17A. The short overlap of these two
cosmids was confirmed by DNA blot hybridization of diag-
nostic restriction digests. The subsequent series of cosmids
(S4A, S21A, T21A, and T27A) was identified by using wpL,1o
wpK, wpJ, and wpH from P17A, S4A, S21A, and T21A, l < C -

respectively. A probe from T27A (wpG) hybridized to the
M =

cosmids S1OB and S22A, which together with S9B had been 1 1cc .°
isolated by using the cDNA probe for C2. Inspection of J

1

restriction maps showed definitive overlaps shared among 1 .J
T27A, S22A, and S1OB (see Fig. 1). a ] ]
cDNA Cloning. A cDNA library of -1.5 x 105 recombi- mt|l _ z1=4-4

nants from the human T-cell line HPB-ALL (kindly provided ? 1]
by B. Seed, Massachusetts General Hospital, Boston) (19) 5]
was screened with a series of cosmid probes by the prean- m
nealing procedure described above for wps. Isolated clones
were matched and characterized by DNA and RNA blot 0 =

0hybridization, and the corresponding genes were mapped \
m A 11within the cosmids. t Y I J

.
< ^

DNA and RNA Blot Hybridization. Transfer from gels onto cm

nitrocellulose filters and blot hybridization of cosmid and
total genomic DNA restriction digests and of RNA samples ] I_
were according to standard protocols (20). RNA was pre- m 0J
pared from the cell lines HPB-ALL (T cell), Raji (B cell), ° i -
U937 (monocyte), and HeLa by the guanidinium thiocyanate J
method and cesium chloride step gradient centrifugation (21). c -,
Poly(A)+ RNAs were selected by oligo(dT)-cellulose affinity
chromatography and 2-,ug samples were subjected to elec- ||
trophoresis in 1% agarose/2.2 M formaldehyde gels (20). N =J

RESULTS AND DISCUSSION |QzD
To characterize the genetic complexity of the entire 600-kb @ _IJ crtF
C2-HLA-B interval of the MHC class III region, a previous j
chromosome walk comprising a 435-kb DNA segment cen- " J
tromeric to HLA-B (12) was extended toward the gene for 1
C2.A continuous stretch of overlapping cosmidswas isolated ° i I
by using a series ofwps, the first ofwhich originated from the J.jJ ,<

cosmid K11C, which was nearest to the gene for C2 (Fig. 1). -
In addition, a cosmid library was screened with a C2 cDNA ET-c J
probe. The cosmids S9B, S22A, and S1OB contained the <

orientation of the two genes were determined by cosmid M1
DNA blot hybridization and by matching the restriction map T Ino
with published data (9, 22). In the cosmids S22A and S1OB, 0
a region upstream from the gene for C2 overlapped the Zo
cosmid T27A, which had been cloned with wpH in the last N _
step of the chromosomewaLk. This finding was confirmed by IJJ
blot hybridization of diagnostic restriction digests of the
cosmids S22A, S1OB, and T27A with wpG from T27A used ° . a.
as a probe (Fig. 1). Thus, the genes for C2 and HLA-B were I
linked within a contiguous 600-kb cluster of overlapping a.x E A M
cosmids representing a substantial portion of the MHC class F a

8956 Immunology: Spies et aL



Proc. Natl. Acad. Sci. USA 86 (1989) 8957

_~ i

7

:'t

_ 4m

a

_ 40

b c d
FIG. 2. Localization of the genes for BAT6-BAT9 within cloned

cosmids and detection in total genomic DNA by blot hybridization.
In parallel experiments, total Mann cell DNA (left lane of each pair)
and cosmid clones (right lane of each pair) were compared. (a) The
BAT6-4 cDNA probe hybridized to the cosmid S8B and identified
corresponding fragments in total genomic DNA. Similarly, bands
displayed on the total genomic DNA blots were matched by frag-
ments in the cosmids S4A (b), S21A (c), and T27A (d) when the
cDNA clones BAT7-11, BAT8-6, and BAT9-10, respectively, were
used as probes. Restriction digests were with BamHI in a, c, and d,
and with Xba I in b.

III region. The distance between the genes for C2 and HLA-B
was 555 kb. The genes for C2 and TNFa were separated by
335 kb. These results showed that previous linkage data
derived from pulsed-field gel electrophoresis were 10-20%
overestimates of the actual physical distances (7, 8).

In addition to the genes for HLA-B, C2, and Bf, the cloned
MHC segment includes the genes forTNFa and TNFP, B144,
and BAT1-BAT5 (12). Moreover, two closely linked genes
encoding a major heat shock protein, HSP70-1 and HSP70-2,
have recently been localized 92 kb telomeric to the C2 gene
(11). Both genes were identified in a corresponding position
within the cosmid P17A by blot hybridization using a HSP70
cDNA probe (Fig. 1).
The previous discovery of the genes for BAT1-BAT5 near

the genes for TNFa and TNFP prompted a similar search for
genes in the vicinity of the genes for C2 and HSP70. A large
number of BssHII and Sac II restriction sites occurring
within 140 kb of DNA upstream from the gene for C2
indicated the presence of multiple islands of CpG-rich se-
quences (Fig. 1). CpG islands are known to be frequently
associated with expressed genes (23, 24). Moreover, this
correlation was exemplified by the genes for BAT2-BAT5,

which lie within a region characterized by a high density of
BssHII and Sac II sites. In contrast, no gene has presently
been found within the 175-kb BAT1-HLA-B interval, which
is relatively depleted of CpG-rich sequences (Fig. 1). Alto-
gether, these observations suggested strongly that additional
genes were encoded near the genes for C2 and HSP70.
To expedite the identification of genes, a T-cell HPB-ALL

cDNA library was screened with a series of total cosmid
inserts from the C2-HSP70 region. This technical approach
was chosen on the basis that most CpG island-associated
genes, including the genes for BAT1-BAT5, are ubiquitously
expressed (12, 23). Thus, genes encoded within the C2-
HSP70 region were expected to be transcribed in T cells. The
HPB-ALL cDNA library was screened successively with the
labeled inserts from the cosmids S8B, S4A, S21A, and T27A
(Fig. 1). To prevent hybridization of probes to repeat se-
quences, which are present in a small fraction of cDNAs, a
preannealing procedure was used. Isolated clones were an-
alyzed by restriction mapping and assigned to their homol-
ogous genomic locations by hybridization with cosmid DNA
blots. Altogether, four genes, BAT6-BAT9, were identified.
From each of the four sets of cDNA clones obtained, the
clones BAT6-4 (4 kb), BAT7-11 (1.7 kb), BAT8-6 (3.2 kb),
and BAT9-10 (1.6 kb) were the longest. These clones were
hybridized with blots of total genomic DNA next to individ-
ual cosmid clones. The results demonstrated that all of the
genes for BAT6-BAT9 were unique single-copy sequences
(Fig. 2). The BAT6 gene was encoded within 14 kb of DNA,
17 kb upstream from the gene for HSP70-1 (Fig. 1). The
location of the 6-kb BAT7 gene was 28 kb downstream from
HSP70-2; 10.5 kb distant from BAT7, the gene for BAT8 was
mapped within 13 kb of DNA. The 9-kb BAT9 gene was
closely linked to BAT8 and was 28 kb upstream from the gene
for C2 (Fig. 1).

All of the genes for BAT6-BAT9 were transcribed in a
panel of cell lines including HPB-ALL (T cell), Raji (B cell),
U937 (monocyte), and HeLa (Fig. 3). Thus, most of the genes
within the MHC class III region between C2 and HLA-B are
ubiquitously- expressed. The BAT6, BAT8, and BAT9
mRNAs were -4, "z3.2, and -3.0 kb long, respectively, and
were expressed at moderately high levels. In contrast, the
BAT7 (2.5 kb) transcript was very scarce.

Altogether, a minimum of 14 genes was encoded within the
555-kb C2-HLA-B MHC segment. In a similar recent study,
a total of 10 transcripts, G1-G10 has been mapped within the
C2-TNFa interval by probing RNA blots with cosmid DNA
fragments (22). By comparison of cosmid map locations and
lengths of mRNAs, the genes for BAT2, BAT3, BAT4,
BAT7, and BAT9 corresponded to the transcripts G2, G3,
G5, G9, and G10, respectively. However, the transcripts G1,
G4, G6, G7, and G8 were not accounted for. By inference
from published results, G1 was tightly linked to the 5' end of
the BAT2 gene. G4 was located between the genes for BAT3

28S -

18S -

a b dc

FIG. 3. RNA blot analysis ofexpression of the genes for BAT6-BAT9. (a-d) Lanes 1-4, poly(A)+ RNA samples (2 ,ug each) from HPB-ALL,
Raji, U937, and HeLa, respectively. (a-d) The BAT6-4, BAT7-11, BAT8-6, and BAT9-10 cDNA probes hybridized to single transcripts of 4,
2.5, 3.2, and 3.0 kb, respectively.
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and BAT4. G6 and G7 were -50 kb and -35 kb telomeric to
BAT6, respectively. G8 was 5 kb centromeric to HSP70-2
(Fig. 1). Thus, the available complementary data indicated
the presence of at least 19 genes between the genes for C2 and
HLA-B. This surprisingly large number suggests that the
DR-21-OHB interval of the MHC class III region may also be
replete with currently unidentified genes. Moreover, the
present study was biased toward detection ofgenes that were
ubiquitously expressed. Thus, the cloned 600-kb region may
contain several more genes, which are expressed in a tissue-
specific manner. This possibility is highlighted by the tran-
scripts G1 and G7, which are restricted to monocytes (G1 and
G7) and T cells (Gl) (22).

Several lines of evidence support the hypothesis that some
of the genes for BAT1-BAT9 may be related to immunity.
Nucleotide sequence data suggest that several BAT gene
products, such as HSP70, may belong to a cell stress re-
sponse system (unpublished data). Moreover, a genetic locus
controlling the expression of an alloantigen recognized by
natural killer (NK) cells, Hh-J, has been mapped in recom-
binant mouse strains between TNFa and H-2S (13, t).
Regarding the conserved overall organization of genes in the
MHCs of mouse (H-2) and human, a human Hh-J homolog is
presumably encoded between the genes for TNFa and C2.
Thus, this putative genetic locus may be involved in the
regulation oftarget cell lysis by alloreactive human CD3- and
CD16+ NK cells (14).
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