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Abstract. The human major histocompatibility com-
plex (MHC) region is a genomic region spanning about
4000 kilobases (kb) including the class I, class II, and
class I subregions. The class I subregion is larger than
the two others but with fewer genes described to date. It
includes a) classical human leucocyte antigen (HLA)
class T genes (HLA-A, HLA-B, HLA-C) which are
highly polymorphic and encode products presenting the
endogenous antigenic peptides to the T-cell receptors,
and b) non-classical class 1 genes (HLA-E, HLA-F,
HLA-G) whose function is still unknown. In this study,
we describe the first coding sequence which is not
structurally related to the class I genes, although it is
localized within the MHC class 1 region. This novel
gene, P5-1, belongs to a multiple copy family, all mem-
bers of which map within the MHC. Although the P5-1
sequence showed no similarity to sequences in different
databanks, its transcription, which is restricted to lym-
phoid tissues, argues for an immunological function of
its product.

Introduction

The human MHC is divided into three subregions
(Chimini and Pontarotti 1991). The most centromeric
subregion is the class II region (about 1000 kb) con-
taining the class Il genes HLA-DP, -D(Q, -DR [human
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leucocyte antigen (HLLA), and other recently described
genes such as LMP2, LMP7 (Glynne et al. 1991),
TAPI, and TAP2 (Spies et al. 1990; Trowsdale et al.
1990). Class II proteins present exogenous antigenic
peptides to T-cell receptors. LMP2 an LMP7 products
are involved in the processing of antigenic proteins.
TAP1 and TAP2 products are likely to be involved in
transporting antigenic peptides from the cytoplasm to
the endoplasmic reticulum where they bind the HLA
heavy and light chains. Other genes called RING have
no elucidated function (Hanson et al. 1991).

The central class III subregion (about 1000 kb) in-
cludes genes encoding for components of the comple-
ment system (like C4); (Carroll et al. 1985) and genes
implicated in the immune response such as TNF o, 3
(Spies et al. 1986; Carroll et al. 1987), and HSP70
(Sargent et al. 1989a). However, some genes of this
subregion, such as the f-valyl synthetase gene (Hsich
and Campbell 1991), have no evident relationship with
the immune response. In addition, there are 18 G genes
and two BAT genes whose function has not been eluci-
dated (Sargent et al. 1989b; Kendall et al. 1990; Spies
et al. 1985).

The third subregion of the MHC is the class I region.
It spans about 2000 kb and no genes other than class 1
genes and pseudogenes have so far been described.
These can be separated into the two following groups:
classical HLA class I (HLA-A, HLA-B, HLA-C) genes
whose products present endogenous antigenic peptides
to T-cell receptors in association with the -2 micro-
globulin B2m chain, and non-classical class I (HLA-E,
HIA-F, HLA-G) genes whose function is still unknown
(Chimini and Pontarotti 1991). The number of MHC
genes and pseudogenes in this region can be explained
by the large series of duplications and deletions (Klein
et al. 1991), and in this article, we describe a novel
coding sequence, P5-1, mapped within the MHC class I
region.
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Materials and methods

Cells and strains. The human B-lymphoblastoid cell line HHK (B-
LCL) was used for mapping, and it is homozygous for the whole
MHC region and typed A3, B7, Cw7, DR6, DQw6, DP4. The yeast
artificial chromosome (YAC) 6F6 has already been described
(Chimini et al. 1990). The yeast B30, which contains a YAC of
310 kb, was obtained from D. Chaplin (Geraghty et al. 1992 a). The
insert contains HLA-A as well as three other class I loci. Cosmid 503
has an insert with HLA-A.

DNA probes. These were: human placental DNA, o3cw3 (a general
HLA class I probe) (Chimini et al. 1988), the genomic P5 probe
which is the insert of the P5 subclone (cloned at the Pst I site of pAT
153 vector), EKP5 which is the 5" part of the total cDNA P5-1-1.
This 770 base pairs (bp) fragment is liberated by Kpn I digestion of
the total cDNA. Labeling of gel-purified fragments was performed
by the random priming method to a specific activity greater than
2% 109 cpm/pig (Feinberg and Vogelstein 1983).

Northern blot analysis. RNAs from the following human cell lines
were used: HepG?2 (hepatocellular carcinoma), NGP (HLA-negative
neuroblastoma), A549 (lung carcinoma), JAR (choriocarcinoma),
HPB-ALL (T-cell leukemia), YT (NK like cell line), MOLT4, CEM,
KE37, 1301 (T-cell lines with different sets of surface markers),
U937 (histiocytic lymphoma), IM9 (B lymphoblasts), phytohemag-
glutinin (PHA)-activated lymphocytes (PBL), LOVO (colic adeno-
carcinoma), and HHK (B-LCL). Poly A*RNA was prepared accord-
ing to the Fast Track kit procedure (Invitrogen, San Diego, CA). We
also tested total RN A from human tissues extracted by the LiCI-Urea
method (Auffray and Rougeon 1980): tumoral and healthy lung,
colon, spleen, liver, thyroid, intestine, and T cell lines (J79, J1BS5,
B1.10, B1.8, ail of them issued from Jurkat cell line) which were
obtained from B. Rubin. 5 ug of each poly A*RNA or 20 ug of total
RNA were size-selected in a 1.2% agarose gel, blotted to nylon
filters, and hybridized with the probes mentioned above.

Mapping of the P5-1 to four genes in the YAC 6F6, YAC B30 and
cosmid 503. This was performed by pulsed field gel electrophoresis
(PFGE) and normal electrophoresis gel analysis of genomic DNA,
YAC 6F6, YAC B30, and cosmid 503 DNA. Preparation of high
relative mass DNA in agarose blocks from cultured cells, tissues or
yeasts, restriction digests, conditions used for PFGE and normal
electrophoreses, transfer onto nylon membranes, and hybridization
were all performed as previously described (Chimini et al. 1990).

Screening of cDNA libraries to isolate PS5 cDNA clones. PHA-stimu-
lated lymphocyte (Cat HL.1031b) and human spleen cDNA library 5’
stretch (Cat HLL1134a) were obtained from Clontech Laboratories
(Palo Alto, CA). 8x 10% plaques forming units of these libraries
were doubledlifted on NEN membranes (NEN Research Products,
Boston, MA). The membranes were treated according to the manu-
facter's instructions. The filters were hybridized with the genomic
probe of P35 and twelve positive plaques were purified. Bacteri-
ophage DNA, prepared with the Qiagen-plasmid kit (Diagen, Diis-
seldorf, Germany) for Agt10, was digested by Eco R, ligated, and
subcloned (Sambrook et al. 1989).

Sequencing of c¢DNA inserts. Comparisons with databanks.
Sequencing was performed using the T7 Sequencing kit (Pharmacia,
Uppsala, Sweden), and is dependent on the base-specific termination
of enzyme-catalyzed primer extension reactions (Sanger et al. 1977).
Comparisons with databanks were carried out by using FASTP
(Pearson and Lipman 1988) and BLAST (Altschul et al. 1990).
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Results

Isolation of the P5-1 cDNA. The YAC 6F6 lies within
the HLA class I region and has been mapped at 550 kb
telomeric to HLA-C and at least 800 kb centromeric to
HLA-A. The human insert is 150 kb long and contains
the HLA-X class I gene which is located 50 kb from the
Not 1 cloning site (E1 Kahloun et al. 1992); (Fig. 1 A).

In order to develop genomic probes, the YAC 6F6
was purified by PFGE, digested, and subcloned in a
plasmid vector. A total of 1700 subclones was obtained
and hybridized with radiolabeled human DNA. Inserts
of subclones which do not hybridize with radiolabeled
total human DNA should not contain repetitive
sequences and were used systematically as probes on
Northern blots.

One of these subclones, P5 (Pst I-Pst11.2 kb
genomic insert) detected a messenger RNA of 2.5 kb on
different tissues and cell lines (data not shown). This
positive signal was detected on RNA (either total or
poly A+) from B cell lines (HHK, IM 9, and 8317), YT
(natural killer-like cell line), PHA-blasts, and healthy
spleen. There was no detectable signal on hepatocellu-
lar carcinoma, neuroblastoma, choriocarcinoma,
T leukaemia, T-cell lines, histiocytic lymphoma
(U937), tumoral and healthy lung, or on colon, liver,
thyroid, and intestine RNAs.

When the P5 probe was used under stringent hybrid-
ization conditions [washing with 0.1x standard
sodium citrate (SSC), 0.1% sodium dodecyl sulfate
(SDS)] on digested genomic DNA, it revealed the pres-
ence of a single band identical to that detected on the
YAC 6F6. With lower stringency (2x SSC, 0.1%
SDS), no other band was demonstrated with DNA from
YAC 6F6, but with total human DNA several bands
appeared. The single P5 locus on YAC 6F6 was named
P5-1. The P5 genomic fragment was used to screen a
human PHA-stimulated lymphocyte and a human
spleen cDNA libraries constructed in Agtl11 and Agt10
vectors. Twelve of 8x 105 plaques were found to be
positive. The three longest were chosen for the determi-
nation of the nucleotide sequence. In order to determine
whether they issued from the transcription of the P5-/
gene or from genes related to P5-1, we also sequenced
the genomic PS5 insert. The genomic P5 insert was
found to be identical in sequence to each of these three
clones, suggesting that all the ¢cDNA issued from the
transcription of the P5- gene. The longest insert ob-
tained was named P5-1-1 cDNA.

The P5-1-1 cDNA is 2531 nucleotides long (Fig. 2)
with a poly (A) stretch of ten nucleotides. The esti-
mated messenger size, by northern blot analysis, corre~
sponded to this cDNA size, which suggests that the
P5-1-1 insert is a full-length cDNA. It contains a 675-
bp open reading frame, with the initiation site at posi-
tion 305 and the termination codon TAA at position
962, corresponding to a polypeptide of 219 amino
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acids. Four inframe stop codons are found at nu-
cleotides 157, 230, 259, and 283 in the 5’ untranslated
(UT) region. The sequence around the initiation site
(TCCTCATGT) matched the consensus sequence for
the initiation of translation in  vertebrates
(GCCA/GCCATGG, Kozak 1991). There is no other
open reading frame which can encode a long polypep-
tide (>90 amino acids). A polyadenylation signal was
found (AATAAA) 129 bp upstream to the poly (A)
stretch.

The conceptual protein encoded by this messenger
RNA has a relative mass of 25000. Hydrophobicity
plot analysis (data not shown) shows no clear hydro-
phobic region which would have suggested a mem-
brane-spanning portion. There is no preferential distri-
bution of the amino acids. We compared the P5-1-1
nucleotide sequence and its deduced amino acid
sequence with other known sequences present in Gen-
Bank, EMBL, and SWISS-PROT databases and found
no reported sequences with significant similarity.
Nevertheless we found a similarity (80% of homologies
over 100 nucleic acids) between the 3" noncoding re-
gion of HLA class T genes and the 3" non coding region
of P5-1. This similarity could mean that P5 and class I
genes share some sequences and reflect the proximity
of P5 and class 1 genes. More sequencing is needed to
clarify this.

sequences, respectively. No-
menclature described (Bod-
mer et al. 1992).

Genomic description of the multicopy family P5. As
mentioned above, the genomic P5 probe under low-
stringency conditions gave several bands on a Southern
blot of genomic DNA digested by various enzymes
(Hin dIII, Eco R1, Eco RV, and Bam HI). For instance,
the pattern of hybridization with Hin dIIl showed six
bands (from 2.8 to 17 kb) with different intensities. The
two-allele polymorphism of the P5-/ gene has already
been described (David et al. 1991; Fig. 3). Preliminary
data show that one member of the P5 family, P5-3,
displays a 70% sequence similarity with P5-1.

Localization of the P5 multicopy family within the
MHC class I region. Under low-stringency conditions,
hybridization with the genomic P5 probe on HHK cell
line DNA digested by Not 1 and Mlu I and separated by
PFGE reveals the same bands as a class I specific probe
(Fig. 4). These results show a genomic co-localization
of the P5-related sequences and HILA class I genes.
Furthermore, hybridization experiments on digested
YAC B30 and cosmid 503 DNA (both containing the
HLA-A locus) showed that three copies (P5-2—P5-4)
are located around the HLA-A gene (Fig. 1B).
Moreover, this probe revealed one band (P5-5) on a
cosmid insert containing a HLA-G class I gene (data not
shown). The size of P5-5 is undetermined because it is
located at the end of the cosmid insert (Fig. 1A). The
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ggcccagacgccaaggttgegggteatggagteeccgaacccteectectgetgttetegggageegtggecctgatccagacctgggeaga
ttacaattacaatcaaggcagaaatgatctcatttttacattacaactectggaaaaggcaatagactgagatgcaagtgtgececcaag
tgatgggcagaaggagagaaggatgttttggatgcattetagaacacaggtaatctaaggagagttgatecaaggeacgtaggaagagte

ctcocagccactattagGCCATCAARGGAGTCCTCATETGTCCCAGGARATGGTCCTGCTTTEETETCCCTGETGTGACCCATCACCCGCT

M ¢ P*R K W 8 C F G V P 6 V T H H P L
GGAACAGCCTGAGAGAAGTAGGGCCTCTGCACCAATGCTGCTGAGGATGTCAGAGCACAGGAACGAGGCCTTGGGAAATTACCTGGAAAT
E Q P E R 8 R A 8 22 P M L L R M 8 E H R NEA ATUL G N Y L E M
GCGACTGAAATCTTCCTTCCTGAGEGGTCTEGGCTCTTGGAAATCAAACCCTCTCAGGTTGGETGGCTGGACGATTCTCCTCACACTTAC
R L XK 8 8 F L R ¢ L G*8S W X 8 N P L R L ¢ ¢ w T I L L T L T
ABTGGGACAAGGGGAACCAGGAGGTCCARGGATCCCTGGGTTCCACACGAACTCCTCCTACCCTCATTGTGTGACAGCAGCCATGCCTCC
M G Q @G E P ¢ G P R I P G F HTUNGS8 S8 Y P BH C V T™ A A M P P
TCCTGEGGRATCAGCGATTCTATTACCTGTGCCTGGAGAGGAGGGGACTCCTCTTCTCACCCGCTGGTCTCTGGACACATACTATCCAATTC
P 6 D Q D &8 I T C A WU RG G D S8 8 8 H P L V 8 G HI L 8 N S
CCCTGTGGCAGCTGTAATGTGTAGTTCAATGGGCACTCATTTGTCYCCTTTTAAGGTACCCTCCTTTAGAAT CAGGACCTTCTACCCTGC
P V A A V M C 8 8 M ¢ T H L 8 P F K V P*8 F R I R T F Y P A
AGAGTGTGETTTTGGGAGAGAAGTGCAARATCCCACGACAGGTGAGTTGARGGAATGGGATATGGAGCCACATCCACTTCCACCCCTTGG
E ¢ 6 F G R E V Q N p*r T @ E L K E W D M E P H P L P P L @G
TATCTGGACCCACGTGTTCTTCCTACTGAGATTACAGAACTGTAGAGATGTCTTTGATTTTLaaaatgraccatgtcctgaaagatggea

I W T H YV F F L L R L Q N ¢C R D V F D F
ccctcccacccgcagagtgcttcctgcaagctggcgttgagctgtgcctatagaagctcttttcaacattctttatggccaggagccctt
ggttggtgcagatggtgataggaccagtgggteccacagcatggecacactgecaccteecttegetgtecaagtgggtecececacaagata
ctgcacggagagcagtgcecaagectgtggatecaggaatatcaacageecccagagagtyggtgetggetgagggtctgagageaggacagy
aaaaccacctatggaataggtgcctatecctgtgaagatgaacctectggeccttecaggatggaaggagtgcaatgtagtcaacteetea
cttagggtetggttggtcacctaaagaaatagagecctaccagggaagatcattgggttcaaatgctgatgagtaggacatttagaggty
gecagtgtcectggatctaccettggtaggagggagtcagtactgttggaccecataggtagecteateectgecactgtgtttgetecatttat
gtacccacctacceggectgggetgaccatgggaaggetggetaatttcagtgettgtgettggttgttcagggecatttcaggtttgyg
tgttttetggggatgttaacatgggattcaggectcaactcacaagaaacttttcatctecatgatggatgetgttgggeatgteccaatgta
tgacttcatgagttacacagatgctaattcgtaggggcacttggaatcacatggttgttttgtgtcecatggtcaagecattetatettat
cagggcctacagtaacatgccaaaagtitgecttecaacatatttetetgetttggatggggecatatttetgtgetgtggatgacatggect
tactccagaatcccaggccctecactgtgactetoctactggtgettggttecagetecaceccaaatcttacceccaccactggecacttte
agcaccagggggtctgaaggatggtgactgegecatggectggatetgetgeagtgtcetttoctgtggaggectecactecaaagetggea
toctectatgtecacctagagtgtgggtcaaagecaatacacctacatgtagaatgtgatgtcagaactcaaacaggetcaccaggcagtygt
gcttettecttgecatgaggatgcaagatgcaacagtttgtcttcacattggaaggacaccectggatgecectaaccactagacctgtaa
aacttcactgcagtggccacttctgaatctotgtaaggtttatttatettecaccecctetggagagaagatgttttaccaaagectetagt
gtaccgtcetectettactecatecatecccagtcaacatgatgttgtcaatgaaatagaggaatttaatattctatagtatatecaggtte
tccagatctettaagactgtactatagaggcctggggaattataatagececctgaggcaaactatgaattaaagtgttgtggatececacat
gaaaaaaaaaa
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Fig. 2. Nucleotide and amino acid sequence of P5-1-1 cDNA. Sequence determined by method of Sanger and co-workers (1977). Consensus
Kozak sequence and potential polyadenylation sites underlined and bold. Underlined stop codons in front of and at end of open reading frame.
Position of open reading frame encoding the 219 amino acids indicated. Predicted amino acid sequence given in one-letter symbols below
nucleotide sequence. Asterisks denote potential sites of cAMP-cGMP-dependent protein kinase, caseine kinase II, and protein kinase C

phosphorylation sites.

sequence P5-1 (14.5 or 17 kb with Hin dIIl, depending
on the allele) is mapped at 30 kb centromeric from a
Not 1 restriction site of the YAC 6F6 and at 15 kb
telomeric from the HLA-X gene. P5-2 and P5-3 (3.6
and 5.6 kb with Hin dUI) lie 5" of HLA-J and 3’ of
HLA-A, respectively. P5-4 (2.8 kb with Hin dIiI) is lo-
cated next to the 5" end of the HLA-70 pseudogene.
P5-6 could be telomeric to the HLA-A or centromeric to
the HLA-X locus. However, hybridization experiments
on YACs and cosmids from the MHC class I region
excluded the localization of P5-6 near the HLA-B,
HLA-C, and HLA-E loci.

Discussion

Sequence and function. In this study, we report the first
gene, P5-1, which is not structurally related to class I
genes and which is located within the class 1 region.

The P5-1 locus maps between HLA-B and HLA-E,
15 kb telomeric to the HLA-X gene. Its 2.5 kb messen-
ger RNA encodes an open reading frame of 219 amino
acids from which we can deduce a protein with a rela-
tive mass of 25000 and without a membrane-spanning
domain. Both the nucleotide sequence and its deduced
amino acid sequence showed no similarity to other
known sequences in the GenBank, EMBL, and SWISS-
PROT databanks. However, its pattern of transcription,
restricted to normal spleen, PHA-activated lympho-
cytes, and B and YT (NK like) cell lines, argues that the
product of this gene may be involved in the immune
response. The presence of this lymphoid tissue-specific
gene in the MHC region, otherwise rich in genes whose
products are implicated in the immune function, could
be an example of the teleological clustering of genes.

How can the organization of the MHC class I region be
explained? The organization of HLA class 1 genes
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Fig. 3. DNA from different human donors digested by the Hin dill
restriction enzyme, analyzed by electrophoresis in 0.8% agarose gel,
transferred onto nylon, and hybridized with 32P-labeled 1.2 kb P5
genomic insert. Six fragments revealed with PS5 probe. Hin dIII
restriction polymorphism (17 kb: allele 1; 14.5 kb: allele 2) noted.

within the MHC class I region reflects several chromo-
somal rearrangements which have occurred during the
evolution of this region. These genomics rearrange-
ments can be illustrated by several examples: for in-
stance, HLA-80, HLA-90, and HLA-16 (which form a
class I subfamily, since these closely related sequences
show the lowest homology with respect to any of the
other class I sequences, Geraghty et al. 1992b) are
linked to the closely related HLA-A, HLA-G, and HLA-
H, respectively. One could suggest large duplication
events. However, these hypothetical duplications must
have been followed by large additionnal rearrange-
ments in the case of HLA-A/HLA-80 and HLA-G/HLA-
90 couples: HLA-A lies 7 kb from HLA-80, while the
distance between HLA-80 and HLA-G is around 30 kb;
HLA-90 lies 5" of HLA-G while HLA-80 lies 3’ of
HIA-A. Thus, any large duplication would have to have
been followed by an inversion of HLA-80 or HLA-90.
Two independent duplication events may also explain
the existence of the two gene pairs, and the proximity of
each pair members to one another may be coincidal
(Geraghty and al. 1992b, 1992c¢). In the case of the
HLA-H/HLA-16 and HLA-A/HLA-80 couples, tandem
duplication is the most likely possibility, as the two
regions have broadly the same overall structure (Chor-
ney et al. 1990).

Another example of the plasticity of the MHC
class I region is given by Nei and Hughes (1989). They
have shown that exons 4 and 5 from HLA-A locus
alleles are much more similar to HLA-E than to HLA-B
and HLA-C alleles, whereas in exons 2 and 3, alleles
from the three classical class I genes (i.e., HLA-A,
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Fig. 4. PFGE blot analysis. Genomic DNA from HHK (human
B lymphoblastoid cell line) digested with Nor I and Miu 1. DNA
digests electrophoresed by pulsed field in 0.8% agarose gel (Chimini
et al. 1990), blotted onto nylon membrane, and hybridized with
following 32P-labeled probe: a) the general class I probe, a3cw3,
b) the 1.2 kb genomic PS5 insert. HHK-strain DNA digest shows
hybridization of same fragments with two probes.

HILA-B, and HLA-C) are much more similar to each
other than any one of them is to HLA-E. The most likely
hypothesis is that interlocus recombination led to the
formation of a hybrid gene in which exons 2 and 3 were
derived from the original HLA-A locus and exons 4 and
5 from the HLA-E locus. A second example of such
intergenic exchange is given by Geragthy and co-work-
ers (1992c¢) for the HLA-92 and HLA-E genes.

The localization of the P5 copies within the MHC
class I region also reflects the large rearrangements that
have occurred within this region. Indeed, the P5 mem-
bers are associated with a class I gene subset: HLA-
JIP5-2, HLA-A/P5-3, HLA-70/P5-4, and HLA-G/P5-5
(Fig. 1). This could be the result of tandem duplications
but, as shown for the HLA-A/HLA-80 and the HLA-
G/HLA-90 couples, the different P5 copies do not al-
ways lie on the same side of their HLA class I compan-
ion. For example, P5-3 lies 3" of HLA-A while P5-2 lies
5" of HLA-J. Thus, either duplications were followed by
other rearrangements or P35 copies, and HLA-A, HLA-J,
HLA-70, and HLA-G occurred by independent duplica-
tions. Furthermore, some of the class I genes which do
not have a P5 companion correspond to the genes
which are not in the HLA-A subfamily: for example, the
HILA-B, HLA-C, and HLA-E genes. This could be ex-
plained by a putative translocation event that placed a
P5 ancestor within the class I region after the separation
of HLA-A from an HLA-B, HLA-C, and HLA-E gene
ancestor (about 40 million years ago; Klein and
Figueroa 1986). It is therefore also probable that the
P5/HLA class I block predated the duplication events
that gave rise to a HLA-A, HLA-B, HLA-C, and HLA-E
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gene ancestor. The absence of P5 copies near these
latter genes suggests that some of the duplication events
did not copy the entire block, or that P5 copies have
been subsequently lost. As noted above, it is also possi-
ble that the P5 ancestral sequence duplicated inde-
pendently in this region. It could also be postulated that
an HLA-A ancestor has been duplicated in the P5 re-
gion,

HLA class I and P5 phylogenic trees, based on syn-
onymous mutations, and the localization of P5 mem-
bers in regard to class I genes in other mammalian
species, will permit a better understanding of the setting
up of this region.
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