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Abstract
Enteropathy-type T-cell lymphoma (ETL) and ulcerative jejunitis (UJ) are rare disorders
often occurring in patients with coeliac disease. The genetic events associated with the
accumulation of intraepithelial lymphocytes in coeliac disease and tumour development are
largely unknown. Deletions at chromosome 9p21, which harbours the tumour suppressor
genes p14/ARF, p15/INK4b, and p16/INK4a, and 17p13, where p53 is located, are associated
with the development and progression of lymphomas. To examine whether deletions at 9p21
and 17p13 play a role in ETL, 22 cases of ETL and seven cases of UJ were screened
for loss of heterozygosity (LOH) by tissue microdissection and polymerase chain reaction
(PCR) analysis for microsatellite markers. Furthermore, p53 and p16 protein expression was
examined by immunohistochemistry. In addition, polymerase chain reaction–single strand
conformational polymorphism (PCR–SSCP) analysis for detection of mutations in exons
5–8 of the p53 gene was performed in five cases of ETL and three cases of UJ. LOH was
found in at least one microsatellite marker at the 9p21 locus in 8 of 22 (36%) ETLs, but
not in UJ. Five of nine (56%) tumours composed of large cells showed LOH at 9p21, as
opposed to two of eight (25%) tumours with small- or medium-sized cell morphology. The
region spanning the p14/p15/p16 gene locus was most frequently affected (five cases); LOH
at these markers coincided with loss of p16 protein expression in all of these cases. p53
overexpression was demonstrated in all ETLs examined and in four of seven cases of UJ.
However, no alterations of the p53 gene were detected by LOH or PCR–SSCP analysis. The
results of this study show that LOH at chromosome 9p21 is frequent in ETL, especially in
tumours with large cell morphology; this finding suggests that gene loss at this locus may
play a role in the development of ETL. Copyright  2004 John Wiley & Sons, Ltd.
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Introduction

Enteropathy-type T-cell lymphoma (ETL) is an extra-
nodal non-Hodgkin’s lymphoma, which was first
described by Isaacson and Wright as a single entity
[1] and later shown to be of T-cell lineage [2]. ETL
may occur in patients with a history of coeliac disease
that does not respond to gluten withdrawal, a condi-
tion known as refractory sprue. Refractory sprue does
not always lead to the development of ETL with an
overt tumour and is sometimes complicated by intesti-
nal ulceration [ulcerative jejunitis (UJ)], similar to that
seen in the non-lymphomatous mucosa in ETL. Molec-
ular investigations show that refractory sprue and UJ
are characterized by a monoclonal T-cell population
that is linked to the subsequent tumour [3,4]. It has
been suggested that refractory sprue and UJ are cryptic
T-cell lymphomas [5].

A broad spectrum of histopathological appearances
of the tumours in ETL has been described. It has

been suggested that ETLs should be divided into
two categories based on their morphology. One cat-
egory consists of tumours with pleomorphic small
or monomorphic medium-sized cells. The tumours
composed of pleomorphic small cells consist of cells
with irregular nuclei and clear cytoplasm. For tumours
with monomorphic medium-sized cells, a monotonous
appearance at both low- and high-power magnifica-
tion is typical. Another category encompasses tumours
composed of pleomorphic medium- to large-sized cells
and tumours composed of large cells which show
either immunoblastic or anaplastic features [6]. In
addition, a purely intraepithelial form of ETL with a
‘low-grade’ intraepithelial tumour population display-
ing an abnormal immunohistochemical phenotype and
a clonal T-cell receptor rearrangement has been identi-
fied and termed epitheliotropic lymphoma [7], cryptic
ETL [8,9] or IEL lymphoma [10]. Neoplastic cells are
mostly CD3+, CD4−, CD8− and contain cytotoxic
granules [11].

Copyright  2004 John Wiley & Sons, Ltd.
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Although progress has been made in clarifying
the clinicopathological features of ETL and UJ, lit-
tle is known about the underlying genetic alterations.
Epstein–Barr virus has been found in some cases
of ETL, but its aetiological relevance is questionable
[12,13]. By immunohistochemistry, p53 protein over-
expression has been observed in one study of ETL,
but whether this is the result of somatic mutations
of the p53 gene remains unclear [14]. Recently, the
first comprehensive survey of genetic alterations in
ETL using comparative genomic hybridization (CGH)
and fluorescence in situ hybridization (FISH) showed
recurrent chromosomal gains and losses. Gains of
chomosome 9q34 were most frequently encountered,
while losses were found at 13q, 8p, and 9p, the latter
with a minimal overlapping region at 9p21 [15]. Inter-
estingly, deletions of chromosome 9 demonstrated by
karyotypic analysis in ETL were reported as early as
1991 [7].

The most commonly altered tumour suppressor
genes in human cancer are p15/p16, located on 9p21,
and p53, located on 17p13. p15 and p16 are inhibitors
of cyclin-dependent kinases 4 and 6, contributing to
G1 arrest by blocking retinoblastoma protein (RBP)
phosphorylation [16]. There is evidence that p16 is
targeted in most tumours with deletions at 9p21 [17].
Another tumour suppressor gene, p14/ARF — also
located on chromosome 9p21 — is closely linked
to p16/INK4a. p14 has a different first exon from
p16, designated exon 1β, which splices into exon
2 of the p16 gene in an alternative reading frame,
resulting in a distinct transcript. The expression of
p14 and p16 is controlled by independent promotors
[18]. p14 binds specifically to MDM2, resulting in
the stabilization of p53 [19,20]. The fact that the
p15/p16–CDK4/6–RBP and the p14–MDM2–p53
pathways are intimately linked on chromosome 9p21
makes this locus especially interesting. Alterations
at 9p21 are associated with the development and
progression of T- and B-cell lymphomas, such as
mycosis fungoides [21] and follicular lymphoma [22].

To examine whether deletions at 9p21 and 17p13
play a role in the development of ETL, we screened
these loci for LOH in 22 cases of ETL and seven
cases of UJ by microdissection and PCR analysis of
microsatellite markers. To assess the functional signifi-
cance of genetic changes at the locus 9p21, p16 protein
expression was studied using immunohistochemistry.
We also investigated p53 gene mutation and protein
overexpression by polymerase chain reaction–single
strand conformation polymorphism (PCR–SSCP) and
immunohistochemistry, respectively.

Materials and methods

Patient and specimen selection

Local ethical guidelines were followed for this study.
Forty-five cases of ETL and UJ were retrieved from

the files of the Department of Histopathology, Univer-
sity College London. Twenty-two cases were selected
for this study. The remaining cases did not meet
the criteria selected (histopathological review by at
least two histopathologists, monoclonal T-cell recep-
tor gene rearrangement) or the material was insuffi-
cient for further analysis. The ETL patients fell into
two categories. One category (T-ETL) consisted of 17
patients with a mass lesion of the small intestine (nine
males, average age 62 years, range 32–82 years; eight
females, average age 65 years, range 42–88 years).
The other category contained five patients (two male,
average age 47 years; three females, average age
58 years); here, ETL consisted entirely of an intra-
epithelial component without an overt tumour (IEL-
ETL). Of the patients with UJ, three were male (aver-
age age 76 years) and four were female (average age
62 years).

In 16 cases of T-ETL, one case of IEL-ETL, and
six cases of UJ investigated by LOH, the tissue came
from surgical resection specimens. In one case, tissue
was obtained during autopsy. In the remaining cases,
tissue samples were biopsies. In addition, paraffin
wax-embedded material from 16 lymphomas (periph-
eral T-cell lymphoma/not otherwise specified: eight
cases; angioimmunoblastic T-cell lymphoma: four
cases; peripheral T-cell lymphoma/lymphoepithelioid
variant (Lennert lymphoma): one case; precursor T-
lymphoblastic lymphoma: one case; anaplastic large
cell lymphoma: two cases) and five tissue samples
containing non-neoplastic lymphatic cells (one lymph
node; two cases with lymphoid hyperplasia of the
intestine) were included in the study. The histologi-
cal features of all cases were reviewed by at least two
pathologists (EO, AD, MC, BW, PI); all cases were
classified according to the current World Health Orga-
nization classification of tumours of haematopoietic
and lymphoid tissue [23].

Immunohistochemistry

Immunohistochemical analysis was performed on
formalin-fixed, paraffin wax-embedded sections for the
following markers: CD3 (dilution 1 : 400, DAKO),
CD4 (1 : 800, Novocastra), CD5 (1 : 100, Novocas-
tra), CD8 (1 : 50, DAKO), CD20 (1 : 400, DAKO),
CD56 (1 : 30, Monozym), CD30 (1 : 40, DAKO), TIA-
1 (1 : 500, Coulter), p53 (1 : 100, DAKO), and p16
(1 : 250, Novocastra) according to standard protocols.
Appropriate controls were used for all markers.

The degree of immunopositivity for p53 was evalu-
ated using a scoring system for both the extent and the
intensity of p53 staining. The extent of staining was
classified into five categories according to the num-
ber of stained cells in relation to all neoplastic cells
(<5%, 5–25%, 26–50%, 51–75%, >75%). The inten-
sity of p53 staining was graded as 0, +1, +2 or +3.
Overexpression of p53 was assumed when the num-
ber of tumour cells expressing p53 exceeded 4% of
all tumour cells, independently of staining intensity. In
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UJ, where the ulcers do not show any obvious tumour
cells, the intraepithelial lymphocytes in the adjacent
epithelium were evaluated.
p16 protein expression was assessed by evaluating p16
staining in the nuclei of neoplastic cells. Only predom-
inantly nuclear activity was considered as a positive
signal. Samples were scored ‘negative’ and function-
ally significant loss of p16 protein was assumed if less
than 10% of neoplastic cells had retained p16 expres-
sion. This cut-off value has been described previously
[22].

Microdissection and DNA extraction

For microdissection, 10 µm sections on glass slides
were dewaxed with xylene, rinsed in ethanol from
100% to 70%, and stained with haematoxylin. Micro-
dissection was performed by hand under direct light
microscopic visualization (×40 magnification) using
a 22-gauge needle. Consecutive sections were stained
with haematoxylin and eosin (H&E) and antibodies
against CD3 to identify the relevant lesions.

In IEL-ETL, epithelium densely infiltrated by neo-
plastic cells was microdissected. In UJ, either the
intraepithelial component or/and the base of the ulcers
was microdissected, depending on the presence of
CD3+ cells. In 11 T-ETLs, it was possible to
microdissect both the tumour lesion and the neoplas-
tic intraepithalial component. In one case (case 14),
intraepithelial cells from both the immediate proxim-
ity of the tumour and the resection margin were taken.
In another case (case 21), tumour cells disseminated
to a regional lymph node were also microdissected
(Table 1). To ensure a sufficiently high content of neo-
plastic cells for LOH analysis, only areas with more
than 80% tumour cells were microdissected. These
cells were digested with 200 µg/ml proteinase K in
a 40–200 µl PCR buffer solution at room temperature
for 12–18 h. Proteinase K was inactivated at 95 ◦C
for 15 min. Cell debris was pelleted by centrifugation
and the supernatant was used for PCR. Normal DNA
as a reference for LOH analysis was isolated from
microdissected non-neoplastic tissue such as lamina
muscularis propria in intestinal resection specimens,
submucosa in biopsies, or perinodal fat and connective
tissue in lymph node specimens.

Single-strand conformation polymorphism (SSCP)
analysis

Five cases of T-ETL (cases 16, 18, 23, 26, and 27) and
three cases of UJ (cases 1, 3, and 6) were analysed for
mutations of the p53 gene. Because the majority of
mutations of p53 occur in exons 5, 6, 7, and 8, these
exons were investigated by PCR–SSCP as described
previously [24]. Briefly, PCR was performed using a
hot-start protocol with an initial denaturation step at
94 ◦C for 5 min, 40 cycles consisting of a denaturation
step at 94 ◦C for 30 s, an annealing step at 58 ◦C for
30 s, and an extension step at 72 ◦C for 60 s, followed

by a final extension at 72 ◦C for 5 min. For SSCP, 2 µl
of PCR product was mixed with 4 µl of loading buffer,
denatured, separated on a Genephor electrophoresis
system (Pharmacia-Amersham) under 15 W constant
power for 2–3 h at 5 ◦C, and then visualized by silver
staining. Primer sequences and the lengths of their
respective products are listed in Table 2.

Clonality analysis

Clonality analysis of the T-cell receptor γ chain (TCR-
γ ) gene was carried out in all malignant cases to
ensure that the microdissected tumour samples con-
tained neoplastic cells and were therefore representa-
tive for genetic analysis. PCR amplification of TCR-γ
was carried out using an adapted protocol with five dif-
ferent primers in two reactions as described previously
[25]. The primer sets were altered by the addition of
a Vγ II primer (5′ to 3′ sequence: GAGAAACAGGA-
CATAGCTAC) to each reaction [26]. PCR products
were run on a 10% polyacrylamide gel, stained with
ethidium bromide, and visualized under ultraviolet
light. In each experiment, a positive control T-cell
lymphoma and a negative control without DNA were
run in parallel.

LOH analysis

Twelve microsatellites with a dinucleotide repeat were
used to examine the 9p21 locus. The markers targeted
were IFNa, D9S1751, D9S1749, D9S1747, p15/p16
marker, D9S1748, D9S1604, D9S1752, D9S958,
D9S171, D9S169, and D9S161 in an order from
telomere to centromere. For the evaluation of p53,
one marker located on chromosome 17p13 was used.
All markers apart from the p53 marker [27], IFNa,
p15/p16 marker, and D9S171 [28] were identified
from the second-generation linkage map constructed
by the Genethon group [29]. The p15/p16 marker,
which is located between the p15 and the p16 gene,
was redesigned to shorten the length of the result-
ing PCR product. For primer design, ‘primer 3’ soft-
ware from the Whitehead Institute/Center for Genome
Research, Cambridge, MA, USA and ‘oligos’ soft-
ware from the Biocentre of the University of Helsinki,
Finland were used. One primer from each pair was flu-
orescently labelled using either FAM dye, HEX dye,
or NED dye (Applied Biosystems).

DNA was amplified by PCR with conditions opti-
mized for each primer pair. The different reaction
mixes consisted of 200 µM each dNTP, 1× PCR buffer
(Invitrogen), 0.375 unit of Taq polymerase (Platinum
Taq DNA Polymerase, Invitrogen), 5 mM MgCl, 10 pg
of each primer, and 0.5 µl (reaction mix 1) or 1.0 µl
(reaction mix 2) of extracted DNA template in a total
volume of 25 µl.

DNA was amplified by one of the three touch-
down PCR programs in a thermal cycler (Hybaid,
Omnigene). A typical cycle consisted of a denaturation
step of 93 ◦C for 30 s, an annealing step at 60 ◦C for
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Table 2. LOH and PCR–SSCP analyses

Microsatellite markers used for LOH analysis Estimated Reaction PCR
Marker Forward primer (5′ to 3′) Reverse primer (5′ to 3′) size (bp) Dye mix program

IFN-a TGCGCGTTAAGTTAATTGGTT GTAAGGTGGAAACCCCCACT 146 HEX 1 3
D9S1751 TTGTTGATTCTGCCTTCAAAGTCTTTTAAC CGTTAAGTCCTCTATTACACAGA 170 FAM 2 2
D9S1749 AGGAGAGGGTACGCTTGCA TACAGGGTGCGGGTGCAGATAA 160 HEX 2 2
D9S1747 ATTCAACGAGTGGGATGAAG TCCAGGTTGCTGCAAATGCC 150 FAM 1 3
p15/p16 CCGCAGGCAGACTACACAG CATAAGGGGATTTCCGCATC 142 FAM 1 3
D9S1748 CACCTCAGAAGTCAGTGAGT GTGCTTGAAATACACCTTTCC 150 NED 1 1
D9S1604 CCTGGGTCTCCAATTTGTCA AGCACATGACACTGTGTGTG 175 NED 1 1
D9S1752 AGACTACACAGGATGAGGTG GCAAGTCATAAGGGGATTTC 160 NED 1 3
D9S958 GTTCCGCAGGCAGACTACAC CATAAGGGGATTTCCGCATC 182 FAM 1 1
D9S171 AGCTAAGTGAACCTCATCTCTGTCT ACCCTAGCACTGATGGTATAGTCT 177 HEX 2 2
D9S169 AGACAGATCCAGATCCCACTG GGGGGTTAGTTCTTTCCTGAT 186 FAM 1 1
D9S161 TGCTGCATAACAAATTACCAC CATGCCTAGACTCCTGATCC 135 FAM 1 1
p53-marker AGGGATACTATTCAGCCCGAGGTG ACTGCCACTCCTTGCCCCATTC 135 FAM 1 1

Primers used for PCR–SSCP Estimated
p53 gene Forward primer (5′ to 3′) Reverse primer (5′ to 3′) size (bp)

Exon 5 TTCCTCTTCCTGCAGTACTC ACCCTGGGCAACCAGCCCTGT 245
Exon 6 AGTTGCAAACCAGACCTCAG ACAGGGCTGGTTGCCCAGGGT 163
Exon 7 GTGTTGCCTCCTAGGTTGGC CAAGTGGCTCCTGACCTGGA 138
Exon 8 CCTATCCTGAGTAGTGGTAA GTCCTGCTTGCTTACCTCGC 166

45 s, and an elongation step at 72 ◦C for 1.5 min.
The initial denaturation was either 95 ◦C for 2 min
(programs 1 and 2) or 5 min (program 3); the final
extension was at 72 ◦C for 5 min for all programs. The
annealing temperature of 60 ◦C was stepwise reduced
by 1 ◦C to 50 ◦C (programs 2 and 3) or to 55 ◦C
(program 1), followed by 40 cycles with an annealing
temperature of 50 ◦C (programs 2 and 3) or 55 ◦C
(program 1). The primer sequences, estimated lengths
of the PCR products, dyes, the relevant reaction mixes,
and PCR programs for each primer pair are listed in
Table 2.

For LOH detection, PCR products with different flu-
orescent dyes were mixed and analysed on an ABI 377
automated DNA sequencer using the GeneScan mode
(Applied Biosystems, CA, USA). The data collected
were automatically analysed with the GeneScan Anal-
ysis Software (version 3.1) (Applied Biosystems, CA,
USA). Each fluorescent peak was calculated in terms
of peak height and peak area. To determine whether
LOH was present in a case, comparison of the ratios
between neoplastic and normal samples was carried
out. The formula employed for the calculation was
T1 : T2/N1 : N2, where T1 and N1 are the peak heights
of one of the alleles and T2 and N2 are the peak
heights of the others. For ratios greater than 1, the
reciprocal of the ratio was calculated to give a figure
between 0.0 and 1.0. LOH was only recorded if the
ratio of ‘neoplastic’ to ‘normal’ alleles was less than
0.25. This strict approach has been described previ-
ously [30].

Results
Histopathology, immunophenotyping, and TCR-γ
analysis
Among the 17 ETLs with an overt tumour, eight
cases (47%) showed pleomorphic small-sized (cases

13–17) or monomorphic medium-sized (cases 18–20)
tumour cells; the remaining nine cases displayed a
large cell morphology (cases 21 and 22 with pleo-
morphic medium-sized to large tumour cells; cases
23–25 with immunoblastic cells; and cases 26–29
with anaplastic features). Five ETLs (cases 8–12)
consisted purely of intraepithelial neoplastic cells
without clinical or histopathological evidence of a
tumour mass, but a marked increase of intraepithe-
lial lymphocytes with an abnormal immunopheno-
type (CD3+, CD4−, CD5−). In two of these cases
(cases 8 and 9), the neoplastic cells expressed
CD56.

In UJ, an increase of intraepithelial lymphocytes
was found in the epithelium adjacent to the areas of
mucosal ulceration and no overt tumour mass was
present. For assessment of the immunophenotype, the
intraepithalial cells were evaluated. None of the cases
of UJ showed neoplastic cells positive for CD56 in
either the intraepithelial compartment or the ulcerated
areas (Table 1).

All cases of ETL and UJ examined were negative
for CD4, CD5, and CD20. In one case (case 20), CD3
was negative in the main tumour, but positive in the
accompanying intraepithelial cells and partly positive
in two other cases (cases 18 and 24). All the other
cases expressed CD3 uniformly. CD30 was positive in
two tumours (cases 24 and 29). The cytotoxic marker
TIA-1 was expressed in 11 of 15 evaluated T-ETLs
(73%) (cases 13, 14, 16, 17, 19–21, 24–26, and 29),
three of five IEL-ETLs (60%) (cases 8, 10, and 12),
and four of five UJ (80%) (cases 3–6).

Loss of p16 expression (ie <10% of neoplastic cells
showed nuclear positivity for p16) was found in two
of five cases of UJ, one of four cases of IEL-ETL,
and four of 16 evaluated T-ETLs. In two of the latter
cases, loss of p16 protein expression was found in
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both the tumour and the intraepithelial component; in
the other two cases, lack of p16 protein was only
noted in the overt tumour. All five cases of ETL
with LOH in the region covered by the microsatellite
markers D9S1747, p15/p16, D9S1748, and D9S1604
showed lack of p16 expression (Figure 1). On the
other hand, none of the overt tumours with LOH at
different microsatellite markers showed lack of p16
protein expression.

T-cell clonality was investigated by PCR analysis
of the rearranged TCR-γ gene. Monoclonality was
demonstrated in the microdissected tumour samples
of all cases of ETL and UJ and in nine other
lymphomas (cases 30–34 and 38–41). In seven cases
of non-ETL lymphomas (cases 35–37 and 42–45),
neither the microdissected tumour samples nor a whole
tissue section showed monoclonality; these cases were
included in this study based on strict histopathological
criteria.

p53 analysis

Immunohistochemistry for p53 protein was performed
in seven cases of UJ and 21 ETLs. Overexpression
was found in 16 T-ETLs. The percentage of positive
neoplastic cells in T-ETL was 5–25% in 5 of 16
cases (31%), 26–50% in four cases (25%), 51–75% in

five cases (31%), and greater than 75% in two cases
(13%). The intensity of the staining ranged between
+1 (eight cases, 50%) and +2 (eight cases, 50%).
The corresponding intraepithelial component showed
the same extent and intensity of staining except in
five cases, in which both the extent and the intensity
were lower than in the tumour. No clear correlation
was found between tumour morphology and extent or
intensity of p53 protein expression.

In IEL-ETL, two of five cases expressed p53 protein
in 26–50% of all tumour cells with an intensity of +1,
while the three remaining cases showed expression
in 51–75% of cells with an intensity of +2. In UJ,
p53 accumulation was found in four of seven cases
examined, with 5–25% of neoplastic intraepithelial
cells positive in two cases and 26–50% of neoplastic
cells positive in the remaining two cases (Table 1 and
Figure 1).

PCR–SSCP for exons 5, 6, 7, and 8 of the p53
gene was performed in eight cases. DNA could not be
amplified for exon 8 in one case (case 23). PCR–SSCP
showed no altered electrophoretic mobility, despite
the fact that the detection system has been shown to
be highly sensitive in screening for gene mutations
previously [24].

LOH analysis of the p53 gene was carried out in
45 neoplastic cases and three non-neoplastic control

Figure 1. p53 protein staining. (A) Enteropathy-type T-cell lymphoma with expression of p53 protein in 50–75% of tumour cells,
intensity +2 (case 21). (B) Enteropathy-type T-cell lymphoma with expression of p53 protein in 5–25% of tumour cells, intensity
+1/+2 (case 22). (C) Enteropathy-type T-cell lymphoma with expression of p16 protein in most tumour cells; note the occasional
negative stromal cell (case 21). (D) Enteropathy-type T-cell lymphoma lacking p16 protein expression (case 13)
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cases. All cases in which DNA could be amplified
were heterozygous for the p53 CA repeat and thus
informative. However, LOH was not encountered in
any of these cases (Table 1).

LOH on chromosome 9p21

LOH analysis at the 9p21 locus was performed in
45 neoplastic and three non-neoplastic cases. Eight
of 22 (36%) ETLs demonstrated LOH for at least
one microsatellite marker at 9p21. This included 7
of 17 T-ETLs (41%) and one of five (20%) IEL-
ETLs. In one T-ETL (case 29), LOH at D9S1748
was encountered in both the tumour sample and the
ulcerated component; in the remaining cases, LOH
could only be demonstrated in the tumour samples,
but not in the intraepithelial components. Of the four
patients with a CD56+ tumour, one (25%) had LOH
at 9p21 (case 10); the two patients with a CD56+ IEL-
ETL displayed no LOH. Of the eight cases of T-ETL
with small- or medium-sized cell morphology, two
(25%) showed LOH at 9p21 (cases 13 and 20). Within
the category of tumours with large cell morphology,
LOH was encountered in five of nine (56%) cases.
In tumours consisting of anaplastic cells, LOH was
found in three of four cases (cases 27–29). In the
fourth case with an anaplastic tumour (case 26), no
material from the tumour itself was available for LOH
analysis; therefore the intraepithelial component/base
of ulceration was evaluated. In five patients, LOH
was encountered in the region covered by the markers
D9S1604, D9S1748, p15/p16 marker, and D9S1747.

LOH at D9S161 and D9S169 was found in two
patients each. LOH was not found in any case of UJ.
Furthermore, three cases of other lymphoma entities
showed LOH at one microsatellite marker each. Two
of these were angioimmunoblastic T-cell lymphomas
(cases 38 and 39) and one was a peripheral T-
cell lymphoma/lymphoepithelioid cell variant (Lennert
lymphoma) (case 42). Eight neoplastic cases showed
failure of PCR from tumour cells, but not from non-
neoplastic tissue. For validation of the methodology,
five tissue samples without malignant alterations were
examined. None of these samples showed LOH at any
marker (Table 1 and Figure 2).

Discussion

Investigations into the immunophenotype and T-cell
clonality analyses of ETL, UJ, refractory sprue, and
coeliac disease have shown that the accumulation
of immunophenotypically aberrant, monoclonal intra-
epithelial lymphocytes is an early step in the devel-
opment of ETL. However, few data are available
on genetic changes in UJ and ETL. Recently, CGH
revealed genetic imbalances in 87% of ETLs analysed,
the most striking finding being recurrent gains at chro-
mosome 9q. In addition, an interesting observation was
a recurrent loss of genetic material in 18% of cases at
chromosome 9p with the minimal overlapping region
at 9p21, where the tumour suppressor genes p14, p15,
and p16 are located.
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Figure 2. LOH at chromosome 9p21. (A, B) LOH at chromosome 9p21. Two alleles are present in non-neoplastic tissue, while
only one allele can be seen in the corresponding tumour sample. (A) IEL-ETL, microsatellite marker p15/p16; the calculated allele
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ETL
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In this first study to utilize LOH analysis for the
investigation of tumour suppressor genes in ETL and
UJ, we encountered LOH at 9p21 in 36% of cases.
As deletions in this region often include the entire
interferon gene cluster, the p15 and p16 gene locus,
and the methylthioadenosine phosphorylase gene [31],
we chose a broad set of 12 markers extensively
covering this region. A similar set of markers spanning
the region between D9S161 and D9S144 (located
telomeric from IFNa) has been used to investigate
p15/INK4b and p16/INK4a in B-NHLs [22].

The core region most intimately linked to the
p14/p15/p16 gene loci (from D9S1604 to D9S1747)
[28,32,33] was targeted by LOH in five patients
with ETL. In all of these cases, loss of nuclear
p16 protein expression was observed in more than
90% of neoplastic cells. This finding suggests that
LOH in this region is functionally significant. A
similar good correlation between genetic changes at
9p21 and lack of p16 protein expression has been
observed previously in lymphomas of B-cell origin
[22]. Immunohistochemistry could be used to assess
the inactivation status of p16 and may serve as a
practical substitute for the genetic analysis. The fact
that the two cases with LOH further centromeric of the
core region had retained p16 expression might suggest
that alterations at these loci do not influence p16
expression. Other authors have suggested the presence
of a different tumour suppressor gene in this region
[33]. Alternatively, as LOH only affects one allele, the
remaining allele might be sufficient to maintain p16
protein expression if it is not inactivated by different
mechanisms. However, even if no other alterations of
the remaining allele occur, a gene dosage effect might
have a significant functional influence [34].

LOH at 9p21 was almost exclusively found in overt
tumours of ETL. Only in one case (case 29) was LOH
found in the main tumour and the accompanying ulcer-
ation. Furthermore, only one of five IEL-ETLs and
none of the examined cases of UJ showed LOH. There
are two possible explanations for this finding. LOH at
9p21 may be a late event in the pathogenesis of ETL,
being present mainly in advanced stages with an overt
tumour. Alternatively, LOH might occur in IEL-ETL
and UJ as demonstrated in case 10, but could be under-
detected in other cases due to contamination with
normal cells, since the crude microdissection method
used in this study could not eliminate these intermin-
gling cells within the neoplastic cell population. The
observed loss of nuclear p16 protein expression in the
IEL of two UJ cases without demonstrable LOH at
9p21 supports the second hypothesis.

LOH at 9p21 was most frequently encountered in
tumours of ETL with large cell morphology; 56% of
these cases, as opposed to 25% of cases composed of
small- or medium-sized cells, showed LOH. Tumours
composed of anaplastic cells particularly displayed
LOH at 9p21. One case with anaplastic cells (case 26)
did not show LOH: here, the intraepithelial/ulcerated
component had been evaluated due to the lack of

material from the main tumour. The contaminating
non-neoplastic cells might have obscured the detection
of LOH in this case.

Our findings of LOH at 9p21 in ETL is consistent
with the study of Zettl et al [15], who encountered a
loss of genetic material at this region by CGH. The
discrepancy in the frequency (36% in LOH analysis
versus 18% in CGH analysis) can be explained by
the higher sensitivity of the LOH methodology in
detecting smaller deletions.

LOH at 9p21 was found in 19% of the other lym-
phoma entities investigated in our study, as opposed
to 36% of ETLs. Although alterations of p15 and p16
are thought to play a role in the pathogenesis of T-cell
lymphoma [35,36], data on LOH analysis of 9p21 are
rare. So far, cutaneous lymphomas have been investi-
gated for LOH at 9p21; LOH at this locus was found in
25% of mycosis fungoides, 37% of Sezary syndrome
[32], and 64% of cutaneous large cell lymphomas [37].
It remains to be investigated whether deletions at 9p21
have prognostic value in UJ and ETL.

Apart from deletions of chromosome 9p21, there
are other mechanisms that can inactivate the tumour
suppressor genes at this locus. Promotor methylation
can lead to transcriptional repression and has been fre-
quently detected for p14, p15, and p16 in both B- and
T-cell lymphomas [38]. Somatic mutations of these
genes could also silence the transcriptional activity,
but are rarely found in lymphomas (eg refs 32, 39, and
40). Homozygous deletions are important for complete
inactivation of tumour suppressor genes [17]. It is pos-
sible that in some cases in our study the failure of PCR
amplification at some microsatellite loci might be due
to a homozygous deletion. Quantitative PCR using an
internal control gene could address this problem [41].
Alternatively, the amplification of DNA from non-
neoplastic bystander cells might obscure both LOH
and a homozygous deletion, which is especially likely
in UJ, where a high number of inflammatory cells are
always part of the lesion. Therefore, both LOH and
other inactivation mechanisms of the p16 gene might
have led to the loss of p16 protein expression in two
cases of UJ. However, as none of the cases of ETL
in which we did not detect LOH showed loss of p16
protein expression, we assume that in these cases the
region of the p16 gene was not targeted by LOH or
other alterations that could impair its function.

In line with the previous report by Murray et al [14],
we found p53 protein overexpression in the vast major-
ity of cases of UJ and ETL. However, neither LOH
nor somatic mutations were demonstrated for the p53
gene. Our molecular data are supported by the study of
Zettl et al [15], who did not find loss of genetic mate-
rial at chromosome 17p by CGH. A lack of correlation
between p53 gene mutation and p53 protein expres-
sion has frequently been reported (eg refs 37, 42, and
43), suggesting additional mechanisms influencing p53
expression. Wild-type p53 may be stabilized by other
proteins such as MDM2 [44] and by viral proteins
such as SV40 large T cell antigen or HPV type 16 E6
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protein [45]. The possibility of p53 stabilization due
to alterations in the regulatory p14/ARF–MDM2 loop
is intriguing, but p53 stabilization has been observed
in the absence of genetic mutations and alterations of
p14/ARF [46]. The underlying cause of p53 protein
accumulation in ETL and whether the expressed pro-
tein is functionally active remain to be investigated.

In summary, we found that LOH on chromosome
9p21 is a frequent finding in ETL, especially in cases
with large cell morphology. LOH at the core region of
the p16 gene spanned by the microsatellite markers
D9S1604 to D9S1747 coincides with the lack of
nuclear expression of the p16 protein. Despite frequent
overexpression of the p53 protein, alterations of the
p53 gene were not detected in UJ or ETL.
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