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The X-linked lymphoproliférative syndrome (XLP) is an inherited immuno
deficiency to Epstein-Barr virus infection that has been mapped to chromo
some Xq25. Molecular analysis of XLP patients from ten different families 
identified a small interstitial constitutional deletion in 1 patient (XLP-D). 
This deletion, initially defined by a single marker, DF83, known to map to 
interval Xq24-q26.1, is nested within a previously reported and much larger 
deletion in another XLP patient (XLP-739). A cosmid minilibrary was con
structed from a single mega-YAC and used to establish a contig encompassing 
the whole XLP-D deletion and a portion of the XLP-739 deletion. Based on 
this contig, the size of the XLP-D deletion can be estimated at 130 kb. The 
identification of this minimal deletion, within which at least a portion of the 
XLP gene is likely to reside, should greatly facilitate efforts in isolating the 
gene.
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syndrome

Introduction of affected boys results in severe or fatal infectious mono
nucleosis, with survivors developing hypo- or agamma
globulinemia [1], Malignant B cell non-Hodgkin lympho
ma arises in more than 25% of the survivors [3], with the 
disease usually fatal by age 40 [4], Males carrying a defec
tive XLP gene are healthy until they become infected with 
EBV, suggesting that their immunodeficiency is specific 
to this virus [5], EBY is an ubiquitous herpesvirus, with 
more than 98% of the adult population showing immuno
logical evidence of past infection. In addition to self-lim-

X-linked lymphoproliférative syndrome (XLP; MIM 
308240), originally called Duncan disease [1, 2], is a rare 
primary immunodeficiency characterized by selective 
susceptibility to Epstein-Barr virus (EBY). EBV infection
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XLP-724, XLP-739, and XLP-978 are XLP patients studied in our 
laboratory:

XLP-192 (corresponding to the IARC192 cell line) was the 3rd 
son of a French family in which 2 boys had died from lymphoproli
férative disease after EBV infection. At the age of 2, he developed 
fatal infectious mononucleosis with strong lymphoproliférative syn
drome. There was serological evidence of EBV infection in this 
child.

ited infectious mononucleosis, EBV has been directly 
implicated in the development of Burkitt lymphoma and 
nasopharyngeal carcinoma [6], EBV is also associated 
with lymphoproliférative syndromes in individuals with 
genetic or acquired immunodeficiency, including patients 
with AIDS or organ transplant recipients who have under
gone immunosuppressive regimens [7], The XLP syn
drome, therefore, provides a genetic model for the inter
action between an infectious agent and a congenital im
munodeficiency, and the isolation of the responsible gene 
should provide insights into the normal control of virally 
induced lymphoprolifération.

The XLP locus, named LYP [8], has been assigned by 
linkage studies to the interval Xq24-q26.1, proximal to 
HPRT [9]. This locus shows 1-2% recombination with 
DXS42 and 0% with DXS37, both of which are centro- 
meric to it [9-12]. The telomeric border of the XLP locus 
is defined by DXS100. Multipoint analysis of this region 
has suggested a genetic map with the following order of 
markers [10, 11]: cen - DXS11-10 cM - DXS37 - 2 cM
- DXS42 - DXS739 - DXS100 - 7 cM - HPRT - tel. 
This order is consistent with the physical map reported by 
Wu et al. [ 13]: cen - DXS42, DXS12 - (2,140 kb) - DXS6
- (700 kb) - DXS982 - (340 kb) - DXS739 - (1,120 kb) - 
DXS75 - (900 kb) - DXS100 - (1,760 kb) - DXS10 - 
DXS 177 - tel. Cytogenetic studies of individuals from 
XLP families led to the identification of a male with a 
large constitutional deletion in the Xq25 region [14], 
Genomic sequences corresponding to DXS6, DXS739, 
and DXS 100 were absent in this patient. Two additional 
patients who had deletions of markers in the Xq25 region 
were also reported [15, 16]: 1 had deletions of DXS739 
and DXS100 and the 2nd a deletion of DXS739. In both 
cases, high-resolution cytogenetics of lymphoblastoid cell 
lines revealed cytogenetically visible deletions, estimated 
at 6,000 and 2,000-3,000 kb, respectively. Nonetheless, 
the large size of this candidate region has complicated 
positional cloning efforts. Here, we report a novel consti
tutional deletion of only 130 kb identified in an XLP 
patient. This new minimal deletion is spanned by a cos- 
mid contig which should greatly facilitate efforts at clon
ing the XLP gene.

XLP-724 (corresponding to the IARC724 cell line) was a 15-year- 
old Italian boy who presented with agammaglobulinemia, with no 
proof of EBV infection. Two of his brothers died at 1 year of age from 
lymphoproliférative disease.

XLP-739 (corresponding to the IARC739 cell line) was a 3-year- 
old Italian boy who died from lymphoproliférative disease after EBV 
infection.

XLP-978 (corresponding to the IARC978 cell line) was a 2-year- 
old French boy with typical XLP symptoms, including polyclonal B 
cell lymphoproliférative disease, hypogammaglobulinemia, and he
patomegaly with abnormal liver functions tests. Immunofluores
cence detected that the vast majority of blood cells expressed EBNA 
(nuclear antigen) antibodies. The boy died 3 weeks after his symp
toms appeared.

Markers Used
The markers used for physical mapping are described in table 1 

[see also refs. 12, 13, 18-20]. DF83, PF12, and CFla were isolated 
from a library of human brain cDNAs after screening with sequences 
generated by laser microdissection of the terminal portion of the 
human Xq. These markers were assigned to Xq24-q26.1 [19]. They 
are considered to be untranslated cDNA and have several stop 
codons in all reading frames [19].

For Southern blot analysis, a DF83 subfragment of 400 bp was 
obtained by polymerase chain reaction (PCR) using the following 
primers under standard conditions:

DF83a: AGGAAT GC ACCT AC AT AT GT GGC A
DF83b: C AGACT GCTT ATTT AT GG AG ATCC

Amplification of probes 1D10T3 and 1D10T7 was performed 
under standard conditions using the following primers:

For 1D10T3:
lD10T3s: 5'-TTCAAATATAAATCACCTAATAA-3'
1D10T3as: 5 -CCAATTGTCTCCTTTTCCAAA-3'

For 1D10T7:
lD10T7s: 5'-GC AAGGGAATCTATGGAACTG-3' 
lD10T7as:5 '-GGTGC AACT AATT AGTT GGGC- 3 '

H3-4 (DXS739) is a 1.5-kb //indili fragment from phage bA6. 
[Nelson, personal commun.; 13]. The preparation of riboprobes used 
for cosmid walking is described in the section Cosmid Isolation and 
Construction of Contigs.

Screening of the YAC (Yeast Artificial Chromosome) Library 
Y AC 916D1 was isolated by PCR screening of pooled DNAs of 

the CEPH mega-YAC library using oligos from X2-183 (DXS982). 
YAC yWXD592 was obtained from the Center for Genetics in Medi
cine (St. Louis, Mo., USA) and was localized within large XLP dele
tions previously described [14], Yeast cell culture and DNA isolation 
were performed as described [21],

Patients and Methods
Patients
The patients XLP-D, XLP-M, XLP-S, and XLP-H have been 

described elsewhere [17], Patients LB8001, LB8002, and LB8005 are 
previously undescribed XLP patients, while individuals XLP-192,
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Table 1. Markers used for physical mapping rose blocks, partially digested with 0.1 U of Mbol (New England Bio
labs, Beverly, Mass., USA), and dephosphorylated with 0.1 U calf 
intestinal phosphatase (New Englands Biolabs). Y east DNA was then 
ligated into the BAMHl site of Supercos vector (Stratagene, La Jolla, 
Calif., USA), previously linearized with Xbal and dephosphorylated, 
and packaged (Stratagene). XLI Blue MR cells (Stratagene) grown in 
0.2% maltose and 10 mM MgSC>4 were infected with packaged DNA 
and selected for growth in ampicillin. Colonies containing human- 
derived genomic DNA were identified by hybridization to 32P- 
labeled Cot-1 DNA and arrayed in 96-well plates.

The ICRF-gridded X chromosome flow-sorted cosmid library is a 
reference library in Lawrist 4 vector [22]. The sources of cosmids 
used for physical mapping are listed below.

Cosmids from ICRF were (the official reference name is in paren-

Description ReferencesMarker

7fl (DXS42) 
1D10T7 
1D10T3 
DF83

EcoRl subfragment in pUC18 
PCR product from cosmid 1D10 
PCR product from cosmid ID 10 
cDNA 
trapped exon 
EcoRl subfragment of cosmid E079 this paper 
trapped exon 
EcoRl subfragment of cosmid E079 this paper 
EcoRl subfragment of cosmid B0920 this paper 
EcoRl subfragment of cosmid A8 this paper 
EcoRl subfragment of cosmid A8 this paper 
EcoRl subfragment of cosmid L2015 this paper 
EcoRl subfragment of cosmid Fl 1 this paper

18; GDB 
this paper 
this paper
19
this paperE8.6

IS12
this paperEllr

JL17
theses):B0920.7 

A8E8 
FH96 
L2015.2 
FI 1.7
X2-183

(DXS982)
1X6T3
D8112fgt
A12T7
4RH3
PF12
31E11
31E14

1818 (ICRFcl04E1818), 64 (ICRFcl04J201),
E079 (ICRFcl04E079), B0920 (ICRFcl04B0920),
P1213 (ICRFc 104P1213Q), L0129 (ICRFc 104L0129),
L2015 (ICRFcl04L015QD), N1335 (ICRFc 104N1335),
D1785 (ICRFc 104N1785), D8112 (ICRFc 104D8112),
4 (ICRFcl04D196), 31 (ICRFcl04D1912), and 
100 (ICRFcl04H07100).

Cosmids from the YAC 916D1 minilibrary were: 1D10, E8, C8, 
1N5, 1U8, A8, 1Z4, Fl 1, 1X6, 1J11, A12,and 1H11.

PCR product
riboprobe from cosmid 1X6 
EcoRl subfragment of cosmid D8112 this paper 
riboprobe from cosmid Al 2 

Hindlll subfragment of cosmid 4 
cDNA
EcoRl subfragment of cosmid 31 

EcoRl subfragment of cosmid 31 
H3.4(DXS739) //indili subfragment from phage bA6 13 
p45h (DXS100) Hindlll subfragment in pUC 18

12; GDB 
this paper

this paper 
this paper

Cosmid Isolation and Construction of Contigs 
DNAs from individual cosmids of the YAC 916D1 cosmid libra

ry were prepared by classical alkaline lysis DNA extraction [23] and 
spotted onto nylon filters by manual dot blot. Dot blot filters were 
hybridized with probes mapped in the Xq25 region. ICRF-gridded X 
chromosome cosmid filters were hybridized with the probes as 
described by Nizetic et al. [22], DNA was extracted from hybridized 
clones by alkaline lysis as previously described [23], Cosmid clones 
were used as a starting point for chromosome walking.

For walking, terminal-end riboprobes of cosmid and PI clones 
were synthesized and hybridized to cosmid dot blots. Positive clones 
were selected, and the digested DNA from these clones was com
pared with that of flanking cosmids, blotted, and probed with the 
riboprobe originally used to select the cosmid from dot blots.

Riboprobes were synthesized as follows: 3 pg of cosmid DNA was 
digested by Rsal (Promega, Madison, Wise., USA), extracted with 
phenol-chloroform, and ethanol precipitated. The reactions were 
performed in 25 pi final volume with 1 mM nucleotide (ACG), 
30 mM dithiothreitol, and 5 pCi 32P-UTP using 10 U of RNA poly
merase at 37 ° C for 30 min. T3 and T7 RNA polymerases were used 
for YAC 916D1 cosmid library (in supercos vector), SP6, and T7 
RNA poi. For ICRF cosmid library (in Lawrist 4) 10 U of RNAse- 
free DNAse was then added to the reaction mixture and incubated 
for 15 min at 37 °C. Finally, riboprobes were phenol-chloroform 
extracted and ethanol precipitated before hybridization. This process 
of terminal-end riboprobes and filter hybridization of cosmid DNAs 
was repeated at each stage of the walk.

Cosmid overlaps were verified by the DNA fingerprinting. Cos
mid DNAs were Hinfl or Taql digested, blotted, and probed with 
total human placental DNA. Cosmids were subcloned into pBlue- 
script (Stratagene) using standard techniques [23].

19
this paper 
this paper

20; GDB

GDB = Genome Data Base (http://gdbwww.gdb.org).

PCR Conditions and Primers. PCR was performed in 50 pi of the 
reaction mixture for 40 cycles using a one-step cycle program of 
94°C for 4 min, 55 for 2, and 72 °C for 2 min and an additional 
extension of 10 min at 72 °C. The X2-183 primers (GDB ID: G00- 
216-816) used were:

TA12T7:
5 '-CCGT C AC AT AT AG AG AT AGTATT ACT GAACC- 3 ' 
TA12SP6:
5 '-GGTC ATTAT GAAT GGTC AAAGGAATTT G ACT GC-3 '

The amplified products (1.1 kb) were electrophoresed in 1.1% 
agarose.

YAC 916D1 Cosmid Minilibrary and GriddedX Chromosome 
Library
For construction of cosmid libraries from YAC 916D1 in the 

supercos vector, the following procedure was used: 2 pg of genomic 
DNA from a yeast strain carrying YAC 916D1 was prepared in aga
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Table 2. Screening of XLP patients for interstitial deletion using 
six probes

Restriction Map
A restriction map with BarriAl was generated by partial digestion 

of cosmid DNA and subsequently confirmed by complete digestion, 
while the map of a rare cutter (Cidi) was generated only by complete 
digestion. For the partial digestion approach, cosmids cloned in 
Lawrist 4 vector were linearized with Eagl (position 4272 of the vec
tor). Partially digested DNA fragments were visualized by hybridiza
tion with two end probes, Law22 (nucleotides 5027-5281 of the vec
tor) and Law33 (nucleotides 3870-4212), respectively, and amplified 
from the vector by PCR in standard conditions. The primer 
sequences for amplifying these two probes were:

Law22a: TTCTGAGCGGGACTCTGG 
Law22b: TGCACTGCCGGTAGAACTC 
Law33a: C AAGCT AGCTTC ACGCT GC 
Law33b: TGATCAGATCTTGATCCCCTG

Cosmid clones in Supercos vector were linearized with ämHII 
(position 4256 of the vector). The two end probes were Sup 43-290 
(nucleotides 4395-4684 of the vector) and Sup 38-270 (nucleotides 
3899-4168). Primer sequences were:

Sup 43-290a: CGTT GGCT ACCCGT GAT ATT 
Sup 43-290b: ACT CC AGC AT GAG ATCCCC 
Sup 38-270b: CT GAAT GAACTGC AGG AC G A 
Sup 38-270b: AGTACGTGCTCGCTCGATG

Patients Probes

DF83 X2-183 PF12 H3-4 
(DXS982)

CFla p45h
(DXS100)(DXS739)

XLP-739
XLP-D
Other XLPa +

++ + + +

+ + + + +

Controls + + + + + +

a LB8001, LB8002, and LB8005 (from Genoa, Italy); XLP-H and 
XLP-M (from Worcester, Mass., USA); XLP-S (from London, UK), 
and XLP-978 and XLP-724 (from IARC, Lyon) [unpubl. data].

fore, localized in the XLP region locus. Screening patients 
by both Southern blot [25] and/or PCR amplification 
identified a patient, XLP-D, lacking only one marker: 
DF83 (fig. 1). This patient was, therefore, presumed to 
carry a small interstitial deletion that might define the 
smallest region of overlap with the deletion of patient 
XLP-739.

Southern Blot Analysis
Isolation of high-molecular-weight DNA, restriction endonu

clease digestion, DNA separation and blotting, and dotting of DNA 
fragments were performed as described previously [23].

Cosmid inserts were hybridized in the presence of excess human 
competitor DNA as previously described [24], The filters were 
hybridized in Church solution - 0.5 Mphosphate buffer, pH 7.2, 7% 
sodium dodecyl sulfate (SDS), 1 % bovine serum albumin - at 65 ° C 
and then washed once stringently in 2 x SSC and 0.1 % SDS at 65 ° C 
before washing in 0.1 x SSC and 0.1% SDS at 65°C (1 x SSC = 
0.15 M NaCl, 1.5 M sodium citrate).

DNA probes were 32P-labeled by random priming (Amersham) 
and used at a specific activity of 1 million cpm/ml of hybridization 
solution. Riboprobes were hybridized under the same conditions in 
Church buffer.

Isolation of Y AC Clones from the Deleted Region
The CEPH megayac library was screened with probes 

X2-183 (DXS982) and DF83. The YAC 916D1 
(1.74 Mbp) was found to contain X2-183 and DF83. 
Another YAC previously identified in the Xq25 region 
(yWXD592) also contained the same two markers. 
YAC916D1 was characterized and compared with 
yWXD592 using additional markers - PF12, H3-4 
(DXS739), CFla, and p45h (DXS100) - with the follow
ing results: (1) YAC 916D1 was found to contain probes 
PF12, CFla, and H3-4 (DXS739), but not p45h 
(DXS100), and (2) YAC yWXD592 was found to be nega
tive for these four markers.

The pattern of overlap among these markers indicates 
that DF83, X2-183 (DXS982), and PF12 lie relatively 
close to each other. YAC 916D1 and yWXD592 contain 
both DF83 which is deleted in patient XLP-D and X2- 
183 which is not deleted in this patient, indicating that 
these YACs contain at least one breaking point of the 
XLP-D deletion. Since DXS982 maps centromeric to 
DXS739 [13], the minimal deletion of XLP-D lies cen
tromeric to DXS982 and DXS739 (fig. 2).

Results

Identification of an XLP Patient Carrying a 
Small Deletion
To define a minimal interval containing the XLP gene, 

EBV-immortalized cell lines were generated from 10 un
related male patients. These were screened for hemizy- 
gous deletion or rearrangement of Xq25 markers (table 2). 
Markers known to be deleted in previous patients [14- 
16], X2-183 (DXS982), H3-4 (DXS739), and p45-h 
(DXS100), were tested. In addition, three new markers, 
recently mapped to Xq25-26, CFla, DF83, and PF12 
[19], were found to be deleted in patient XLP-739 who 
has a large deletion, spanning at least 2,000 kb, and, there-
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Fig. 1. Southern blot analysis of firoRI- 
digested genomic DNAs from XLP patients. 
DNAs from XLP patients were digested with 
EcoBA and analyzed by Southern blot hy
bridization. A p86-RPl, and Leo RI subfrag
ment of cosmid ckTl-1286 [25] which had 
been isolated from a cosmid library prepared 
from the X3000 hybrid cell line, was used. 
ckTl-1286 was mapped to Xq25; however, 
no deletion was seen when this cosmid was 
used as a probe on DNA from XLP patients. 
B The DF83 PCR subfragment, obtained 
using primers described in Patients and 
Methods, was used. 1202 is a lymphoblas- 
toid cell line containing four X chromo
somes per cell, obtained from NIGMS Hu
man Genetic Mutant Cell Repository, Insti
tute for Medical Research (Camden, N.J., 
USA). X3000 is a human hamster cell hybrid 
containing human Xq25-qter, obtained from 
D. Nelson (Houston, Tex., USA). The sizes 
of the bands are indicated on the right.

Construction of Cosmid Contig
A cosmid library was generated from YAC 916D1 

which appeared to span the XLP-D deletion. Whole-yeast 
DNA was partially digested with Sau3A and cloned into 
the SuperCos vector (Stratagene). Recombinants were 
screened for the presence of human repetitive sequences 
(Coti), and 400 cosmids were arrayed, representing an 
estimated threefold coverage of YAC 916D1. Additional 
clones were obtained from the Imperial Cancer Research 
Fund gridded human X chromosome cosmid library [22]. 
Four cosmids positive for DF83, one cosmid containing 
X2-183 (DXS982), two cosmids containing PF12, and 
one cosmid containing H3-4 (DXS739) were isolated and 
used as a starting point for chromosome walking. End 
probes from the T3 or T7 ends of cosmids were generated 
either as riboprobes or by sequencing followed by PCR 
amplification of end fragments. At each step of the chro
mosome walk, cosmids fragments were tested by South
ern blotting to confirm their presence or absence within 
the deleted region.

Four initial contigs around markers DF83, X2-183 
(DXS982), PF12, and H3-4 (DXS739) were linked to 
form a contig with a gap in it partially encompassing the 
deletion of patient XLP-739 and completely covering the 
deletion of patient XLP-D. Since cosmids from the contig 
linking DXS739 and DXS982 do not contain probes de
leted in patient XLP-D, we can localize the XLP-D dele

tion centromeric to DXS982. A gap was not filled in 
between the XLP-D deletion and marker X2-183 
(DXS982; fig. 2), even after several screening efforts of 
the X chromosome cosmid library. The size of this gap 
remains, therefore, unknown. Overlap between cosmids 
in the contig was verified by DNA fingerprinting using 
repetitive sequence probes. A restriction map based on 
one frequent-cutter enzyme (itaraHI) and one rare-cutter 
enzyme (Clal) was constructed for the centromeric high- 
density part of the contig covering the smaller deletion 
(figure 3). This restriction map makes it possible to esti
mate precisely the length of overlap between different cos
mids.

Characterization of Breaking Points 
To characterize the two breaking points of the XLP-D 

deletion, we hybridized LcoRI and BamHl subfragments 
of three cosmids containing deleted and nondeleted se
quences (1D10, E079, and B0920) on genomic DNA from 
patient XLP-D and normal individuals digested with sev
eral restriction enzymes (EcoRl, HindlW-BamWl, Pst 1).

By Southern blot analysis, a nondeleted probe from 
cosmid ID 10 identified in patient XLP-D a larger frag
ment with respect to normal controls after Hindlll diges
tion (fig. 4). Sixty normal individuals were tested to 
exclude the possibility of polymorphisms. The breaking 
point was finally localized in a 7-kb Hindlll-BamHl frag-
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CF la) by use of somatic cell hybrid panels [19] were phys
ically linked in a 1.5-Mbp region of Xq25 contained in 
YAC 916D1. Moreover, DF83 was mapped as centromer- 
ic to PF12 [19]. The position of CFla with respect to the 
contig is unknown, as no other YAC, with the exception 
of YAC 916D1, nor cosmid was found to contain this 
probe.

The physical map presented here adds useful informa
tion about polymorphic markers of this region. DXS982 
is physically linked to the XLP-D deletion as indicated 
by YAC yWXD592. DXS739 and PF12 are very close 
(50 kb), and the two markers DXS982 and DXS739 are 
physically linked. As DXS982 is centromeric to DXS739, 
the following sequence of markers can be drawn:

cen - del XLP-D - DXS982 - PF12 - DXS739 - tel.
Fig. 4. Southern blot analysis of Hinàlïï- 

digested genomic DNA from a normal indi
vidual, patient XLP-739, and from patient 
XLP-D. When a 7-kb ///«dill fragment from 
1D10 was used as probe, it revealed a 7-kb 
Hindlll fragment in normal controls and a 
10-kb fragment in patient XLP-D. This 
probe is deleted in patient XLP-739.

In their high-resolution map of the region, Wu et al. 
[ 13] studied the relative position of a set of markers from 
Xq24-q26.1 using fluorescence in situ hybridization. 
These authors estimated the distance between DXS982 
and DXS739 at 340 kb with an uncertainty of 70 kb. This 
estimate is in agreement with the distance of 300 kb we 
obtained using our cosmid contig.

A gap, covered by YACs yWXD592 and 916D1, is not 
represented in our cosmids. Efforts to isolate further cos- 
mids between cosmids P1213 and L0129 were unsuccess
ful. Because of this gap, we are unable to give an orienta
tion towards the centromeric cosmid contig covering the 
XLP-D deletion.

Because of the limited number and the small size of 
XLP families, it was very difficult to restrict the critical 
XLP region by genetic analysis, and the XLP gene could 
be localized only in a 2-cM interval between DXS42 and 
DXS100. The identification of XLP patients harboring 
interstitial deletions represented an important step in 
reducing this interval. Studies using fluorescence in situ 
hybridization [13] and physical mapping with YACs [26] 
assigned the XLP gene to a about a 2-Mb interval between 
DXS6 and DXS100, around DXS739, which is deleted in 
3 XLP patients [15]. The identification of the new inter
stitial deletion in XLP-D, therefore, reduces considerably 
the candidate region for the XLP gene.

The XLP-D deletion which maps in the previously 
defined large candidate region is physically linked to 
DXS982 and is centromeric to DXS739. The restriction 
map of the region deleted in patient XLP-D will be instru
mental in the positional cloning of the gene. Single-copy 
fragments from cosmids within the minimal XLP dele
tion contig were used as probes to search for small 
genomic rearrangements in our panel of XLP patients. No

ment of 1D10. The other breaking point was mapped in a 
10-kb region covered by cosmids E079 and B0920 and 
delimited by probes JL17 (deleted in XLP-D) and 
B0920.7 (nondeleted in XLP-D; see figure 4). It was not 
possible to identify in this 10-kb region, which is rich in 
repetitive sequences, a single-copy probe which could be 
used to localize more precisely the breaking point. The 
restriction map of this region (not shown) was found to be 
identical in both cosmids, excluding the possibility of chi- 
merism. Based on the data just summarized, the length of 
the XLP-D deletion was estimated to be approximately 
130 kb.

Discussion

We identified a new XLP patient harboring the smal
lest deletion in the XLP region reported so far (estimated 
at approximately 130 kb). A cosmid contig covering 
500 kb of genomic DNA and encompassing completely 
this new deletion was constructed. A physical linkage 
between several markers in the region was obtained, and 
new markers were localized precisely with respect to pre
viously known markers in Xq25. In particular, markers 
that had been assigned to Xq24-q26.1 (DF83, PF12 and
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new abnormal fragments were seen by Southern blotting, 
indicating that the XLP-D deletion defines the smallest 
genomic interval within which a fragment of the XLP 
gene must reside.

The new markers that we have assigned to the XLP 
locus, DF83 and PF12, are potentially interesting, since 
they were derived from expressed sequences [19]. How
ever, they do not contain an open reading frame, nor is 
their expression detectable other than in minimal 
amounts by reverse-transcriptase-PCR in all the tissues 
we have screened. Screening of cDNA libraries with these 
markers has not identified a further transcribed sequence. 
Thus, the relationship, if any, of these transcribed se
quences to the XLP gene remains unknown.

In the cosmid contig presented here, no clear CpG 
island was found (data not shown). This finding is in 
agreement with the low density of genes in this portion of 
the X chromosome and also with the possibility that the 
XLP gene is spread over a large genomic region.

The search for conserved and transcribed sequences in 
the contig by zoo blot and Northern blot analysis has so 
far been unsuccessful. As it is not known which cell types 
are involved in XLP, it is important to study the expres
sion of candidate sequences in a wide range of tissues.

Cells of the immune system, like B and T cells and macro
phages, are good candidates for tissue-specific expression 
of the XLP gene.

Finally, the characterization of the function of the XLP 
gene should help in understanding the fundamental as
pects of EBV biology and the role of the XLP gene in con
trolling this viral infection.
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Note Added in Proof

While this work was in progress, Lany 
and coworkers [Genomics, December 1996 
issue] reported the characterization of the 
same XLP patient harboring the small inter
stitial deletion described in this paper.
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