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Abstract

Four sets of cell lines (UM-SCC.14A, -14B, and -14C; UM-SCC-17A
and .17B; UM-SCC.81A and -SiB; and UM-SCC.83A and -83B), estab
lished from primary and metastatic or locally recurrent tumors from four
patients with squamous cell carcinoma of the head and neck, were exam
med for loss of heterozygosity (LOH) on chromosome lSq. Metastatic or
recurrent cell lines from all four exhibited 18q LOH. UM-SCC-14A, -14B,

and -14C, which were derived from locally recurrent (14A and 14B) and
metastatic (14C) tumors, lost all of lSq. However, in the other three cases,
there was a partial loss of 18q in the recurrent or metastatic tumor cell
lines but not in the primary tumor cell lines from the same patient. To

determine whether the cell lines accurately reflect in vivo loss of 18q, we
analyzed matched sets of normal, tumor, and tumor cell line DNA from

eight patients with squamous cell carcinoma of the head and neck, includ
ing the tumor tissue corresponding to UM-SCC-81B. Three of the addi
tional seven tumors and cell lines had lSq LOH. For all eight cases in
which tumor and corresponding cell line DNAs were analyzed, there was
complete concordance between allelic loss in the tumor and allelic loss in
the corresponding cell line. The common region of loss established by
tumors and cell lines with partial loss includes 18q21â€”l8qter. This region

contains the putative tumor suppressor gene DCC and two Mad (@othera
@gainst@$pp)-relatedgenes, DPC4 and MI4.DR2,which are both compo

nents in a transforming growth factor-fl-like signaling pathway. Loss of
lSq in metastatic and locally recurrent tumors, but not in primary tumors
from the same patients, suggests that a tumor suppressor gene in this
region may be important in the progression of squamous cell carcinoma.

Introduction

Karyotypic analysis has shown previously that aberrations involv
ing chromosome I8 are frequent in 5CC4 and result in loss of part or
all of I8q in 55â€”63%of SCC (1â€”3).LOH on 18q is also common in
other tumors (4â€”I1). In addition, l8q LOH is associated with reduced
survival in colon cancer (12), muscle invasion in bladder carcinoma
(10), and may have prognostic significance in squamous carcinomas
(3). There are several independent clusters of breakpoints on chromo
some 18 in SCC (2, 3), suggesting the possible involvement of more
than one gene. The DCC (4), DPC4 (13), and MADR2 (14) genes have
been implicated as putative tumor suppressor genes that map to
l8q2l. Loss of expression or LOH affecting DCC has been reported
in carcinoma of the colon (4), pancreas (6, 7), prostate (8), esophagus
(9), and bladder (10), as well as in glioblastoma (I 1), suggesting that
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this gene may have an important role in several tumor types. Among
5CC cell lines, we found that 85% were homozygous for DCC
markers, whereas in a panel of normal blood samples the majority
(69%) were heterozygous, suggesting a high frequency of LOH for
this gene in SCC (3). Pancreatic carcinomas have a very high fre
quency of 18q loss (90%; Refs. 7 and I3) and frequent LOH for DCC
(6). However, Hahn et al. (13) have recently demonstrated that in
pancreatic carcinomas convergent sites of homozygous deletion and
somatic mutation exclude DCC and implicate DPC4, a gene within
18q2l .1 but centromeric to DCC. MADR2 is a recently identified gene
centromeric to DPC4 that has not been studied in squamous cell
carcinoma, but is functionally mutated in colorectal carcinoma (14).
Both DPC4 and MADR2 are implicated in a TGF-(3-like signaling
pathway. It is not yet clear which, if any, of these genes plays an
important role in SCC. However, Miyake et a!. (9) have shown that in
primary esophageal SCC, allelic deletion of DCC is related to the
degree of distant lymph node metastasis. In the present study, we
analyzed UM-SCC cell lines established from primary and metastatic
or locally recurrent tumors in the same patients for 18q LOH. We
found that l8q LOH was associated with tumor progression in three
individual patients. We also used matched sets of cell lines and
corresponding primary tumors to rule out the possibility that 18q LOH
was a result of in vitro selective pressures.

Materials and Methods

Tumors and Cell Lines. Tumortissuesandbloodwereobtainedfromhead
and neck cancer patients treated in the Department of Otolaryngology/Head
and Neck Surgery at the University of Michigan. All patients gave informed
written consent for the use of their tissues under a protocol approved by the
University of Michigan Human Subjects Review Board. Cell lines were

established as described previously (15). The UM-SCC cell lines used in this
study include UM-SCC-l4A, -I4B, and -l4C, UM-SCC-I7A and -I7B, UM
SCC-8lA and -8lB, UM-SCC-83A and -83B, UM-SCC-86, UM-SCC-87,
UM-SCC-89, UM-SCC-90, UM-SCC-91, UM-SCC-93, and UM-SCC-94. In
addition, tumor and normal DNA from SCCHN patient 95 was also analyzed.

For readability, the cell lines will be referred to in the text by their number and
letter designation only.

DNA Extraction. DNA was extractedfrom frozen or paraffin-embedded
tumors, established 5CC cell lines, and from either whole blood or EBV
transformed lymphoblastoid cell lines using the silica-based Nucleon II cx
traction kit (Scotlab, Shelton, CT). Tumor regions containing at least 70%
tumor nuclei were harvested from frozen samples by microdissection of l0-@im
mounted tissue sections. For paraffin-embedded samples. the tumor regions
were scraped directly from each block, extracted with xylene to remove the
paraffin, rinsed in ethanol, and digested overnight in proteinase K at 37Â°C.The
DNA was extracted according to the manufacturer's instructions. DNA ob
tamed from archival tissue that did not amplify with PCR after silica extraction

was reextracted with phenol-chloroform.

Microsatellite Markers and PCR Amplification. Oligonucleotide prim
ers flanking four highly polymorphic microsatellite repeats spanning l8q were

used for PCR amplification (D18S1002, 018S456, D18S450, and MBP).

Samples that exhibited partial loss of l8q were analyzed with four additional
primer sets to help define the common region of loss (D18S463, D18S57,
D18S468, and D18S65). All primer sets were purchased from Research Ge

netics (Huntsville, AL), except for the primers flanking D18S1002 (l8ql 1.1â€”
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Table 1Loss of 18q is associated with turnor progression in patients with multiple celllinesPrimary

versus
metastatic orl8q

polymorphicmarkersD18S1002D18S463D18S456D18S57

D18S468D18S65D18S450MBPrecurrent
cell linesl8ql 1.1l8q12.l18q12.3l8q12.318ql2.318q12.318q21.I18q23UM-SCC-14ALOHLOHLOHLOHLOHNIUM-SCC-14BLOHLOHLOHLOHLOHNIUM-SCC-l4CLOHLOHLOHLOHLOHNIUM-SCC-l7ANo

lossNo lossNo lossNo loss No lossNo lossNo lossNolossUM-SCC-l7BNo
lossNo lossNo lossNo loss No lossNolossLOHLOHUM-SCC-81ANo
lossNo lossNIâ€•No loss No lossNo lossNolossNIUM-SCC-81BNo
lossNo lossNILOHLOHLOHLOHNIUM-SCC-83ANo
lossNo lossNINo loss NINo lossNINolossUM-SCC-83BNo
lossLOHNILOHNILOHNILOHa

Noninformative.

l8@i LOSS IN SQUAMOUS CELL CARCINOMA

11.2), which were provided by Drs. A. Griffith and M. Meisler (University of
Michigan; Ref. 16). In general, PCR amplification was carried out by com

bining 50 ng of genomic DNA, 1.5pmol of 32P-labeledsense primer, 1.5pmol
of unlabeled antisense primer, 10 mMTns-HCI (pH 8.3), 150 pM each dNTP,
1.5 mM MgCI, 50 mM KCI, and 1 unit of Taq polymerase with a heat-sensitive

neutralizing monoclonal antibody to Taq polymerase (Clontech Labs, Palo

Alto, CA). The mixtures were overlaid with mineral oil, denatured at 94Â°Cfor
4 mm, and amplified in a Perkin-Elmer Thermal Cycler (Norwalk, CT) for 30
cycles as follows: 94Â°Cfor 20 s, 55Â°Cfor 30 s, and 72Â°Cfor 40 s followed by
a final 5-mm extension at 72Â°C.Five ,.d of deionized formamide containing
0.1% bromphenol blue and 0.1% xylene cyanol were added to each PCR
product. The samples were denatured at 94Â°Cfor 3 mm, 3 pAwere loaded onto
prewarmed 7% bis-acrylamide denaturing gels containing 7 M urea, and
electrophoresed at 120 W for 2â€”6h, depending on the expected PCR product

length. The gels were transferred to Whatman paper, dried, and exposed to
X-ray film for 5â€”20h.

Results

Nine cell lines established from primary and metastatic or locally
recurrent tumors in the same patients were analyzed using four well
spaced l8q polymorphic markers to determine whether primary and
metastatic or recurrent tumors exhibit differences in LOH (patients 14,
17, 81, and 83; Table 1). Cell line sets that showed partial loss of l8q
were analyzed with additional markers to identify a common region of
loss. Except for 14A, which came from a local recurrence, the A cell
lines were derived from primary tumors. Cell lines 14C, l7B, and 83B
were derived from metastatic tumors in patients 14, 17, and 83,
respectively. Cell lines 14B and 81B were established from local
recurrences in the oral cavity from patients 14 and 8 1. In all three cell
lines established from patient 14, LOH was observed at all informa
tive markers indicating a full arm loss (Table I). In patient 17, LOH
was not found in l7A; however, in l7B, LOH was observed at
18q21 .1â€”I8q23 (Table I , Fig. I ). These results are consistent with the
karyotype (17), and a recent study by Kim et a!. (18). Similarly, LOH
was detected in the 8 lB and 83B cell lines derived from recurrent and
metastatic tumors, but not in the 8lA and 83A cell lines established
from primary tumors (Table 1, Fig. 1). Taken together, these findings
support the concept that 18q LOH occurs with progression, and the
cell lines 17B, 81B, and 83B establish a common region of loss that
includes 18q2lâ€”l8qter.

To determine whether cell lines accurately reflect in vivo loss of
l8q, we analyzed allelic loss in matched tumor and cell line DNA
from eight patients (tumors 81B, 86, 87, 89, 90, 91, 93, and 94; Table
2). The pauerns of allelic loss were identical in the matched pairs of
tumors and cell lines. Tumors that showed no loss had corresponding
cell lines that showed no loss (for examples, see Fig. 2, patients 89 and
91). Similarly, for tumors that showed allelic imbalance (i.e., a >50%
reduction in the intensity of one allele), there was unequivocal LOH
in the cell line DNA (Fig. 2, D18S456, 8lB). Furthermore, in every
case, the allele that exhibited the reduced intensity in the tumor was
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UM-SCC-17 UM-SCC-83

MBP

NLAB NLAB

Fig. I . Evidence of l8q loss with tumor progression. The figure shows the PCR
products for microsatellite repeats at the MBP locus in 18q23. In patient I7. two normal
(NL) alleles are present. In UM-SCC-l7A. there is no LOH, but in the l7B cell line, which
was derived from a locally metastatic tumor in the same patient, LOH has occurred. In
83A, a cell line derived from a primary tumor, and in 83B, a cell line derived from a
metastatic lesion, a similar result is shown, indicating that LOH develops with metastatic
progression.

the allele that was lost in the cell line (Fig. 2, patients 87 and 93). In
addition, there was one example of allelic expansion (microsatellite
instability) at the D18S1002 marker in cell line 91 and tumor 91. In
the normal DNA, only two alleles were detected. However, in the
tumor DNA, three alleles were seen: the two normal alleles and the
expanded allele. In the cell line, only the smaller of the normal alleles
and the expanded allele were amplified (Fig. 2). Taken together, these
results demonstrate that the tumor cell lines accurately represent the
status of 18q in the tumor from which they were derived.

In four of the eight tumor-cell line pairs (patients 86, 89, 91 , and
94), there was no allelic loss at any of the informative markers (Table
2). Three of the eight tumor-cell line pairs (patients 87, 90, and 93)
showed 18q LOH at all informative markers (Table 2). The tumor and
cell line pair for tumor 8 1B showed loss at I8q2 I . 1 (D18S450), but
not at l8ql 1.1 (D18S1002; Table 2, Fig. 2).

Discussion

Previously, we reported cytogenetic studies on our large panel of
5CC cell lines to assess regions of the genome that are frequently
altered in this tumor type (2, 3). The karyotype analysis revealed that
chromosome 18 losses were common in 5CC (2, 3). For some patients
in our panel, we established cell lines from both primary and meta
static or locally recurrent tumors. In the present study, we used PCR
amplification of polymorphic microsatellite repeats to compare l8q
LOH in multiple cell lines from four of our patients. In three cases
(l7A and l7B,81A and 8lB, and 83A and 83B),18q LOH was
present in the metastatic or recurrent lesion, but not the primary cancer
from the patient, suggesting that 18q LOH is associated with tumor
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Tumor and
celllinepairsD18s1002 18q11.lD18s456 ql2.2â€”12.3D18s450 q2l.1MBPq23Tumor

8 1BNolossNIâ€•AIâ€•ILOHNIUM-SCC
NolossNILOHNI81BTumor

86No lossNo lossNINolossUM-SCC-86No
lossNo lossNINolossTumor

87AI/LOHNIAIILOHAIILOHUM-SCC-87LOHNILOHLOHTumor

89No lossNo lossNINolossUM-SCC-89No
lossNo lossNINolossTumor

90NINIAIILOHAI/LOHUM-SCC-90

Tumor 9 1NI MSIâ€•NI NILOH NILOH NolossUM-SCC-9
IMSINININolossTumor

93AI/LOHNIAI/LOHAI/LOHUM-SCC-93LOHNILOHLOHTumor

94No lossNo lossNINolossUM-SCC-94No
lossNo lossNINolossa

Noninformative.

b Allelic imbalance.

â€ M̃icrosatellite instability.

l8q LOSSIN SQUAMOUSCELLCARCINOMA

Table 2 Comparison of tumor and cell line DNA from the same patient

l8q polymorphic markers

tumor suppressor genes on chromosome 18, and all map to 18q2l.
DCC is a member of the cell adhesion molecule superfamily with
homology to NCAM-1 (4). DPC4 and MADR2 are related to the Mad
(Mothers @gainst @pp)gene of Drosophila melanogaster and the sma
genes of Caenorhabditis elegans (14). The Mad and sma gene family
members are thought to be downstream mediators of TGF-(3 signaling
(13). DPC4 was found to exhibit homozygous deletion in approxi
mately 30% of pancreatic carcinoma xenograft lines (13). This obser
vation strongly implicates DPC4 as a pancreatic tumor suppressor
gene. It is of interest that using exon amplification we detected a
homozygous deletion that affected all of DPC4 in cell line 8lB (data
not shown). The homozygous deletion was not not present in 8 1A.
Amplification of DCC exons 1, 3, and 29 showed that this homozy
gous deletion does not extend to the nearby DCC locus. This would
implicate the TGF-(3 signaling pathway as a possible point of tumor
suppression in progressive SCC. Another group has also studied
several of the UM-SCC cell lines, including 14A and l4B, and 17A
and 17B, for mutations of DPC4. Of 16 cell lines from I 1 patients, in
which all 11 exons of DPC4 were sequenced, they identified only 2
cell lines established from the same patient, 22A and 22B, which had
a nonsense mutation that should result in an inactive DPC4 protein
(18). Similarly,noneof 20 primarytumorsanalyzedby the same
investigators had detectable abnormalities of DPC4 (18). Likewise, in
a recent analysis of various tumors for DPC4 mutations, five addi
tional head and neck tumors were screened, and none had DPC4
abnormalities (20). Although these studies argue against the impor

UM-SCC-81B UM-SCC-87 UM-SCC.89 UM-SCC-91 UM.SCC@93
N I CL N I CL N T CL N I CL N T CL

D18S :- -@-@ â€¢@@1@

MBP 1@ f

MBP2:@.I

progression. This concept is consistent with our previous observation
that there was a greater frequency of death from cancer in 5CC
patients whose tumors showed loss of 18q (20 of 27) than there was
in the group that did not have loss of l8q (5 of 13; Ref. 3). Other
evidence that l8q LOH is associated with poor prognosis was ob
tamed by Jen et a!. (12), who showed that stage II colon carcinoma
patients with 18q LOH had the same survival rate as stage ifi patients,
whereas those with no loss had the same survival rate as patients with
stage I tumors. More recently, Pearlstein et a!. from our group have
shown in a multivariant analysis that loss of 18q is a strong independ
ent indicator of poor prognosis in patients with SCCHN.5

In using our 5CC cell lines to study tumor progression in individual
patients, it was important to determine whether our cell lines accu
rately reflect 18q LOH. Therefore, we also analyzed 18q LOH in eight
matched sets of normal, tumor, and cell line DNAs. In every case in
which 18q LOH was observed in the tumor cell lines, there was a
corresponding allelic imbalance in the primary tumors. Furthermore,
in every case the same allele was affected by loss in the tumor and the
derived cell line. Of particular value was a single case of allelic
expansion in patient 91 , which showed that not only was the expan
sion present in vivo, but it was stable in vitro. Of the matched sets of
samples, there were 38 separate comparisons of alleles, and in every
case these were the same. It is reasonable to conclude that, at least for
chromosome 18, the genetic changes we detected were present in vivo
and do not represent in vitro artifacts.

LOH has been shown to reflect loss of function mutations in the
retained allele of a tumor suppressor gene within the affected chro
mosome region (19). Hence, identification of regions frequently af
fected by LOH may serve to identify candidate tumor suppressor
genes. Although many 5CC tumors lose all of 18q, the partial loss of
l8q in cell lines from three of the patients with multiple cell lines
suggests that the chromosome 18 gene(s) of interest in SCC progres
sion is located in this common region of loss, which includes l8q2lâ€”
l8qter. A fourth patient originally studied in this set was not included,
because the initially promising cell culture stopped proliferating be
fore DNA could be prepared. However, this tumor (designated tumor
95) also had partial loss of 18q that included 18q21â€”l8qter [break
pointbetweenD18S468(l8q12.3)andD18S65(18q12.3);datanot
shown]. DCC (4), DPC4 (13), and MADR2 (14) are three candidate

5 A. Pearlstein, I 8q loss of heterozygosity predicts poor survival in patients with

squamous cell carcinoma of the head and neck, submitted for publication.
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Fig. 2. Concordance of LOH in tumor and cell line DNA. Examples of PCR products

from microsatellite repeat polymorphisms in normal (N), tumor (1), and cell line (CL)
DNA from five cases. Centromeric alleles are at the top of the figure and telomeric alleles
are at the bottom of the figure. In all cases in which there is LOH in the tumor (5O%
reduction in band intensity of one allele), there is unequivocal LOH in the cell line. In each
case, the same allele is lost. Note that patient 91 exhibits microsatellite instability for the
D18S1002 locus, with expansion of the upper allele. In the DNA isolated from the tumor,
both the normal alleles (contributed by the contaminating normal DNA) and the expanded
allele (contributed by the tumor) are present. In the cell line, only the one remaining
wild-type allele (the lower band) and the expanded allele (upper band) are present.
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I8q LOSS IN SQUAMOUS CELL CARCINOMA

tance of DPC4 in 5CC, the homozygous deletion of DPC4 we
detected in 81B and the truncating mutation in 22A and 22B detected
by Kim et a!. (18) indicate that screening our panel of more than 100
SCCHN cell lines might be fruitful for determining the frequency with
which this gene is altered. In fact, homozygous deletions in cell lines
are easier to identify than homozygous deletions in tumor (21),
because the cell lines have no normal DNA contamination to obscure
aberrations in the tumor.

DCC may also play a role in 5CC. Klingelhutz et al. (22) showed
that progression of human papilloma virus-transformed keratinocytes
to tumorigenic cells was accompanied by LOH affecting the DCC
gene and resulted in loss of DCC expression. When a DCC expression
vector was transfected back into these cells, tumorigenicity was sup
pressed (23). Mutational analysis of MADR2 in colorectal carcinoma
indicates that, like DCC, MADR2 may play an important role in
sporadic colorectal carcinomas (14). To our knowledge, this gene has
not been studied in squamous epithelium or 5CC.

By analyzing cell lines established from different tumors from the
same patient, we have found that LOH of 18q is an event that occurs
with tumor progression in individual patients having primary and
metastatic or recurrent tumors. Identification of the gene or genes in
this region that are affected by the LOH on l8q in metastatic and
recurrent tumors will help us to better understand metastasis and
progression in 5CC.
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