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Allelic loss on chromosome |3 occurs frequently in esophageal squamous cell carcinoma. However, studies of the two known
tumor suppressor genes located on 13q, RB/ and BRCA2, have shown few mutations, suggesting that other genes are likely to
be involved in the development of this tumor type. To identify a minimal deletion interval, we first analyzed 42 microsatellite
markers spanning chromosome bands 13ql 1-ql3 in 56 esophageal squamous cell carcinoma patients, including 34 with a family
history of upper gastrointestinal cancer and 22 without a family history of cancer. Lifestyle risk factors and clinical/pathologic
characteristics were also collected. Two commonly deleted regions were identified: one was located on band 13ql2.11,
between markers D 135787 and D 13S221; the other was located on bands 13q12.3-q13.1 from markers D135S267 to D13S219.
We observed higher allelic loss frequencies for eight of the microsatellite markers in those patients with a family history of
upper gastrointestinal cancer compared to patients without such a history. This study suggests that one or more unidentified
tumor suppressor genes are located on chromosome arm 13q that play a role in the development of esophageal squamous

cell carcinoma.  © 2001 Wiley-Liss, Inc.

The molecular events associated with the initi-
ation and progression of esophageal cancer remain
poorly understood. Chromosomal regions with fre-
quent allelic loss in these neoplasms may represent
inactivation of tumor suppressor genes that play a
significant role in the development or progression
of these tumors. In addition to helping us better
understand esophageal carcinogenesis at a molec-
ular level, identification of such genes likely will
serve as the basis for the development of markers
for genetic susceptibility testing, screening for
early detection, and improved therapies.

We have previously conducted studies of the
genetic changes involved in the development of
esophageal squamous cell carcinoma (ESCC) (Hu
et al., 1999, 2000). An initial genomewide scan in
11 ESCC patients with a family history of upper
gastrointestinal (UGI) cancer identified 14 chromo-
somal regions with a high frequency (=75%) of loss
of heterozygosity (ILOH) (Hu et al., 2000). In this
genomewide scan, nine microsatellite markers
were tested on chromosome arm 13q, and all
showed a high frequency of allelic loss (86-100%).
A second study analyzed 18 of the most frequently
lost markers from the genomewide scan in an ad-
ditional 46 ESCC patients, including 23 with and
23 without a family history of UGI cancer (Hu et
al., 1999). In this study, only three markers were
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tested on chromosome arm 13q, but all three
showed higher frequencies of allelic loss in the
patients with a family history of UGI cancer, in-
cluding one marker (D13S894) for which the dif-
ference was statistically significant. These results
encouraged us to examine more markers in this
region in an effort better to characterize the LOH
interval and to confirm the observed difference in
LLOH by family history status.

Although LOH on chromosome arm 13q is fre-
quently detected in many types of tumors (Kuroki
et al., 1995; Montesano et al., 1996; Eiriksdottir et
al., 1998; Hyytinen et al., 1999), only two tumor
suppressor genes have been identified on this chro-
mosome to date: RB7 on band 13q14.2 and BRCAZ
on band 13q12.1 (Lee et al., 1987; MacGee et al.,
1989; Wooster et al., 1995). LOH at the RB/ locus
has been reported in 54% of esophageal squamous
cell carcinomas and 36% of esophageal adenocarci-
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TABLE |. Summary of Frequency of Allelic Loss in Esophageal Squamous Cell Carcinoma Patients With
and Without a Family History of Upper Gastrointestinal Cancer

LOH (%) (no. of cases with allelic loss/no. of informative

cases/total no. of cases)

Patients with a family Patients without a

Location on All patients history of UGI cancer® family history of any
Marker no. Locus chromosome 13 (n = 56) (n = 34) cancer (n = 22) P value
| DI13SI141 13ql1 29 (2/7/55) 67 (2/3/34) 0 (0/4/21) b
2 DI13S175¢ 13ql1 65 (17/26/48) 62 (8/13/27) 69 (9/13/21) 1.000
3 D13S1236° 13qll 70 (23/33/55) 88 (14/16/34) 53 (9/17/21) 0.031
4 DI3SI15¢ 13ql1 25 (7/28/56) 25 (5/20/34) 25 (2/8/22) 1.000
5 D13S145 13ql2.1 19 (9/48/55) 18 (6/33/34) 20 (3/15/21) 1.000
6 D13S308E 13ql2.1 66 (25/38/56) 70 (16/23/34) 60 (9/15/22) 0.728
7 D13S246 13ql2.1 40 (16/40/56) 29 (8/28/34) 67 (8/12/22) 0.037
8 DI13S310 13ql2.1 55 (12/22/48) 69 (11/16/31) 17 (1/6/17) 0.029
9 D13S232 13ql2.11 67 (26/39/53) 63 (17/27/32) 75 (9/12/21) 0.714
10 D13S292¢ 13ql2.11 62 (16/26/41) 71 (10/14/20) 50 (6/12/21) 0.422
I D13S787¢ 13ql2.11 79 (23/29/49) 83 (15/18/29) 73 (8/11/20) 0.646
12 D13S1243¢ 13ql2.11 79 (23/29/55) 86 (12/14/34) 73 (11/15/21) 0.651
13 D13S283¢ 13ql2.11 76 (29/38/54) 86 (18/21/34) 65 (11/17/20) 0.249
14 DI13S221¢ 13ql2.11 89 (32/36/52) 94 (16/17/30) 84 (16/19/22) 0.605
15 D13S1294¢ 13ql2.11 57 (12/21/56) 58 (7/12/34) 56 (5/9/22) 1.000
16 D13S1285 13q12.12 52 (14/27/49) 57 (13/23/31) 25 (1/4/18) 0.326
17 D13S1304 13q12.12 40 (16/40/55) 52 (12/23/33) 24 (4/17/22) 0.104
18 D13S1254 13q12.12 56 (15/27/52) 71 (10/14/31) 38(5/13/21) 0.128
19 FLTI€ 13q12.12 0 (0/0/53) 0 (0/0/31) 0 (0/0/22) b
20 D13S1244 13q12.12 61 (33/54/55) 76 (25/33/33) 38(8/21/22) 0.001
21 D 135243 13q12.12 69 (20/29/52) 79 (15/19/33) 50 (5/10/19) 0.205
22 D13S625 13q12.12 75 (9/12/55) 100 (7/7/31) 40 (2/5/14) 0.045
23 D13S1242¢ 13q12.12 46 (18/39/52) 68 (15/22/32) 18 (3/17/20) 0.003
24 DI13S217¢ 13q12.12 55 (12/22/50) 67 (8/12/28) 40 (4/10/22) 0.391
25 D13S1250 13q12.12 42 (11/26/55) 58 (11/19/33) 0(0/7/22) 0.010
26 D13S120 13q12.12 59 (16/27/54) 65 (11/17/32) 50 (5/10/22) 0.687
27 D 135802 13q12.12 79 (31/39/55) 81 (21/26/33) 77 (10/13/22) 1.000
28 D13S629 13q12.13 46 (17/37/50) 57 (16/28/33) 11 (1/9/17) 0.023
29 D13S1299 13q12.13 54 (13/24/56) 64 (9/14/34) 40 (4/10/22) 0.408
30 D13S1246 13q12.13 66 (19/29/54) 61 (11/18/32) 73 (8/11/22) 0.694
31 D13S1287 13q12.13 48 (13/27/48) 59 (10/17/31) 30 (3/10/17) 0.236
32 D 135289 13q12.13 60 (18/30/53) 82 (14/17/33) 31 (4/13/20) 0.008
33 DI13S1229 13ql2.13 55 (21/38/56) 64 (16/25/34) 38(5/13/22) 0.178
34 D13S1238 13q12.13 61 (20/33/56) 63 (12/19/34) 57 (8/14/22) 1.000
35 D13S290° 13ql2.2 71 (10/14/51) 75 (6/8/29) 67 (4/6/22) 1.000
36 D135893¢ 13ql2.2 0 (0/4/33) 0 (0/1/16) 0(0/3/17) —b
37 D13S1226 13ql2.2 0 (0/2/56) 0 (0/2/34) 0 (0/0/22) b
38 D13S260° 13ql2.2 57 (17/30/54) 60 (12/20/32) 45 (5/11/22) 0.477
39 D13S1293 13q12.3 71 (29/41/55) 77 (20/26/34) 60 (9/15/21) 0.300
40 D13S267¢ 13q12.3 83 (33/40/56) 83 (19/22/34) 82 (14/17/22) 1.000
41 D13S220¢ 13q12.3 71 (10/14/55) 75 (6/8/340) 67 (4/6/21) 1.000
42 D13S219¢ 13ql3.1 70 (28/40/55) 77 (20/26/34) 57 (8/14/21) 0.281

*Upper gastrointestinal cancer.

®Marker dropped as the number of informative cases was fewer than 10.

“Marker is on the physical map.

nomas (Boynton et al., 1991; Huang et al., 1992),
but few mutations have been detected (Maesawa
et al.,, 1994). BRCAZ2 has not been found to be
altered frequently in primary ESCC (Montesano et
al., 1996). Recently, Harada et al. (1999) reported
that LOH at D13S171, a marker flanking BRCAZ,

showed a significant correlation with lymph node
metastasis in ESCC. However, no specific tumor
mutation was observed in the BRCAZ gene itself.
Whereas RBI and BRCAZ could still be the target
genes that are affected by 13q LOH through inac-
tivation by mechanisms other than mutation (e.g.,
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promoter region methylation or haplotype insuffi-
ciency), frequent LOH in the absence of mutations
in the RB7 and BRCAZ genes in ESCC patients
suggests that other unknown gene(s) on chromo-
some arm 13q may be involved in the development
of ESCC. To narrow the search region for such
genes, we analyzed 42 microsatellite markers span-
ning bands 13q11-q13 in 56 ESCC patients, includ-
ing 34 with a family history of UGI cancer and 22
without a family history of any cancer. Patients
seen in 1995 and 1996 at the Shanxi Cancer Hos-
pital in Taiyuan, Shanxi Province, People’s Repub-
lic of China, who were diagnosed with ESCC and

Nt Nt Nt

D13S 310

Figure I. Allelic loss on markers
D125243 (a), D125283 (b), and D12S310
(c). Individual case numbers are shown at
the top. N is normal DNA from blood and
t is DNA from tumor cells.

considered candidates for curative surgical resec-
tion, were identified and recruited to participate in
this study. The study was approved by the Insti-
tutional Review Boards of the Shanxi Cancer Hos-
pital and the US National Cancer Institute (NCI).
For this study, a total of 56 patients were selected
who had a histologic diagnosis of ESCC confirmed
by pathologists at both the Shanxi Cancer Hospital
and the NCI. None of the patients had had prior
therapy. Of the 56 ESCC patients studied, the 34
patients in Group 1 had a family history of UGI
cancer (i.e., a first-, second-, or third-degree relative
with cancer of the esophagus, gastric cardia, or
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body of stomach), and the 22 patients in Group 2
had no family history of any cancer (for a more de-
tailed description of cases, see Huang et al., 2000).

Information on demographic and cancer lifestyle
risk factors and a detailed family history of cancer
was obtained as previously described (Huang et al.,
2000). Ten ml of venous blood was taken from
each patient prior to surgery, and genomic DNA
was extracted and purified using standard methods.
T'umor tissue obtained during surgery was fixed in
ethanol and embedded in paraffin. Tumor cells
were microdissected under direct-light microscopic
visualization using methods previously described
(Emmert-Buck et al., 1996; Bonner et al., 1997;
Huang et al., 2000).

Forty-two polymorphic microsatellite markers on
chromosome arm 13q with heterozygosity rates
ranging from 46-83% were used for this study
(Human MapPairs™; Research Genetics, Hunts-
ville, AL)) (Table 1). These 42 markers, including
19 on the physical map and 23 on the genetic map
(http://cedar/genetics.soton.ac.uk/pub), are located
on bands 13q11-q13. DNA extracted from tumor
cells microdissected from the resection specimen
and genomic DNA extracted from venous blood
were used for each patient. PCR reactions were
carried out in duplicate as previously described
(Huang et al., 2000). LOH was defined as either
complete or near-complete loss of a band in the
tumor sample in both PCR reactions relative to the
corresponding normal DNA (Fig. 1). Overall, the
large and small alleles observed in each patient
were lost approximately 50% of the time, indicat-
ing that the LOH was not a technical artifact due to
preferential amplification of an allele based on size.
Convincing evidence of a homozygous deletion in
a tumor sample was not observed in any of the 42
markers employed. We also looked for microsatel-
lite instability, but observed it only in a single
different marker in each of two different cases.
The results were reviewed independently by three
investigators (GL, NH, and ME-B). Discrepant
cases were reevaluated and repeated if necessary,
and the data were accepted and included in the
analysis only if all three reviewers agreed on the
results.

The frequency of allelic loss at each chromo-
some locus was calculated as the number of tumors
with allelic loss at that locus divided by the number
of informative tumors at that locus. The frequency
of allelic loss at each chromosome locus was clas-
sified as low (0-24%), medium (25-49%), high
(50-74%), or very high (=75%). All statistical anal-
yses were performed using Statistical Analysis Sys-

tems (SAS) software (SAS Corp., Cary, NC). The
frequency of allelic loss was compared in Groups 1
and 2 by Fisher’s exact test. All P values were
two-sided and were considered statistically signifi-
cant if P < 0.05.

Of the 56 ESCC patients analyzed, 54 (96%)
showed LLOH at one or more loci on bands 13q11-
q13, and 37 (66%) showed allelic loss at more than
half of the informative loci. Of the 42 microsatellite
markers tested on bands 13q11-q13, four markers
(FL'T1 and D13S893 on the physical map;
D13S141 and D13S1226 on the genetic map) were
uninformative in nearly all cases (Table 1). LOH in
the other 38 markers ranged from 19-89%: seven
markers showed a very high frequency loss, 23 a
high frequency of loss, six a medium frequency of
loss, and two a low frequency of loss. Marker
D13S221 showed the highest frequency of LOH
(89%), followed by markers D13S802 (83%),
D13S787 (79%), and D13S1243 (79%) (Table 1).

We used the 17 markers with at least 10 infor-
mative cases from the physical map to define
boundaries for chromosomal regions with a high
frequency of LOH. Fifty-three of the 56 cases
(95%) showed LLOH for one or more of these mark-
ers. Figure 2 shows the results for each of these 18
loci in all 56 ESCC patients, including 10 cases
who showed allelic loss for all informative markers,
43 cases with allelic loss at one or more but not all
loci, and three cases with no allelic loss at any loci.
T'wo deleted regions were identified. The first re-
gion (I) was at segment 13q12.11 and was defined
by markers D13S787, D13S1243, D13S283, and
D13S221 (LOH frequencies of 79%, 77%, 76%,
and 89%, respectively), spanning a physical dis-
tance of 1.83 Mb. The second deletion region (II)
was at 13q12.3-q13.1 and included markers
D13S267, D13S220, and D13S219 (LOH frequen-
cies of 83%, 71%, and 70%, respectively). Since
D13S219 was the most distal marker evaluated and
is part of deletion region II, we cannot fully define
the telomeric end of this deletion region.

Of the 34 ESCC patients with a family history of
UGI cancer (Group 1), 26 (76%) showed allelic loss
for more than 50% of their informative loci, com-
pared to only 11 of 22 (50%) of the patients without
a family history of UGI cancer (Group 2) (P =
0.04). There were 38 markers that were informative
in at least eight cases. A higher frequency of LOH
was observed in Group 1 compared to Group 2 for
33 of these 38 markers (87%). For eight of these
markers (three physical map markers and five ge-
netic map markers), the difference in LOH fre-
quency was statistically significant ('Table 1). Five
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Figure 2. Deletion map for chromosome bands 13qll-ql3 in esophageal squamous cell carcinoma

patients.
of the 38 markers showed a lower frequency of LOH studies have demonstrated that loss of
LOH in Group 1 compared to Group 2, and for one chromosome arm 13q occurs commonly in several
of these markers (ID135246), this difference was human tumor types. LOH studies on the entire

significant ("Table 1). long arm of chromosome 13 were recently reported
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Figure 2. (Continued.)

with 18 microsatellite markers in esophageal cancer
(Harada et al., 1999), 26 microsatellite markers in
prostate cancer (Hyytinen et al., 1999), 18 markers
in breast cancer (Eiriksdottir et al., 1998), and 13
markers in hepatocellular carcinoma (Kuroki et al.,
1995). In order to define the distribution and ex-
tent of chromosome arm 13q loss more clearly, we
extended our previous work by analyzing 42 mic-
rosatellite markers located on bands 13q11-q13,
representing the most detailed LOH testing on
chromosome region 13q11-q13 reported to date in
patients with ESCC.

Two deleted regions were identified in ESCC
patients in this study. The first deleted region
spans a distance of 1.83 Mb on segment 13q12.1.
Based on the MIM gene map, this region contains
several interesting candidate genes, including: £D2
(ectodermal dysplasia 2) (Radhakrishna et al,
1997)); GJB2 (gap junction protein beta-2, also
known as CX26 or connexin 26 gap junction pro-
tein) (Mignon et al., 1996); GJA3 (gap junction
protein alpha-3, also known as €(X46 or connexin 46
gap junction protein) (Mignon et al., 1996); and
ZNF198 (zinc finger protein 198) (Xiao et al., 1998).
The ED2 gene is involved in hidrotic ectodermal

dysplasia (HED), an autosomal dominant disorder
affecting the skin and its derivatives. Multiple cu-
tanecous squamous cell carcinomas of the palmar
tissue and nail bed have been reported in these
patients (Campbell and Keokarn, 1966). The GJ/B2
and GJB3 genes encode the gap junction proteins
connexin 26 and connexin 46, respectively. Con-
nexins are transmembrane proteins that form chan-
nels allowing rapid transport of ions or small mol-
ecules between cells and are expressed in many
different tissues. GJ/BZ gene mutations can inacti-
vate connexin 26 and are associated with autosomal
recessive nonsyndromic deafness (Kelsell et al.,
1997). The ZNF198 gene has been associated with
a specific chromosome translocation, t(8;13)(p11;
ql1-q12), which is found in both lymphoma and
leukemia patients (Xiao et al., 1998), and has been
identified on the rearranged band. This trans-
location can result in ZNFI198/FGFRI (fibroblast
growth factors receptor-1), a fusion gene that con-
tributes to progression of leukemia/lymphoma by
constitutive activation of tyrosine kinase function.
Although these genes are not tumor suppressor
genes, two (D2 and ZNF198) are related to tu-
mors and two (ED2 and GJB?2) are associated with
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hereditary diseases. Determining the possible roles
of these genes in ESCC will require further anal-
ysis.

The second deleted region was located on seg-
ments 13q12.3-q13.1. Two of the markers that
were frequently lost in this region (D13S260 and
D13S267) are known to flank BRCAZ2. While sev-
eral studies have shown a low frequency of BRCAZ
mutations in esophageal cancer patients (Monte-
sano et al.,, 1996; Harada et al., 1999), the close
proximity of BRCAZ to this deletion interval neces-
sitates that it be analyzed further in this group of
patients. Another candidate gene in the interval is
GTF3A (general transcription factor IITA), whose
developmentally regulated protein is involved in
the assembly of active chromatin (Arakawa et al.,
1995). Arakawa et al. (1995) reported that the zinc
finger protein domains in GTF3A resembled those
in the Wilms tumor protein, the transcriptional
repressor YY1, and the MY(-associated zinc finger
protein MAZ.

Eight of the 42 microsatellite markers we exam-
ined were lost significantly more often in patients
with a positive family history of UGI cancer than in
those without a family history. Only three of these
markers were on our physical map, however, and
none were in either of the two deletion regions we
identified. This suggests that putative genes in
these deletion regions are involved in both familial
and sporadic ESCC.

It is evident from the high LLOH rates observed
at many loci throughout the genome that ESCC is
genetically unstable. Compared to other tumor
types that we have studied, this instability is strik-
ing and suggests that loss of function of genes that
maintain genomic integrity (e.g., inactivation of
mitotic arrest deficiency genes) is fundamental to
initiation and/or progression of ESCC (Emmert-
Buck et al., 1995, 1997). Our studies have shown
that LOH not only occurs frequently throughout
the genome in ESCC, but often occurs in an inter-
mittent pattern, i.e., multiple interspersed regions
of allelic loss and retention in relatively small
genomic regions. A similar pattern has never been
observed in LOH studies of other tumor types (i.e.,
breast, prostate, or endocrine) that we have per-
formed using the same methods as in the present
report. The widespread instability complicates pre-
cise mapping of tumor suppressor genes using
[LOH methods and dictates caution in interpreting
results. Nonetheless, the high rates of allelic loss
that were identified in the minimal deletion inter-
vals using a large number of patients and a dense
concentration of microsatellite markers is highly

suggestive that tumor suppressor genes important
in ESCC are located within these regions.

In summary, detailed LOH mapping identified
two commonly deleted regions on chromosome
arm 13q in ESCC patients, one located on segment
13q12.11 and the other located on 13q12.3-q13.
These findings suggest that there may be one or
more as yet unidentified tumor suppressor genes
on chromosome arm 13q that play a role in the
development of ESCC.
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