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SUMMARY: Down-regulated human leukocyte antigen (HLA) class I expression is frequently correlated with allelic loss at
6p21.3, which is the location of the HLA coding sequence, in head and neck squamous cell carcinomas (HNSCCs). Previously,
we have demonstrated loss of heterozygosity (LOH) at 6p21.3 for at least one locus in 49% of the HNSCCs using 5 microsatellite
markers spanning the 4 megabase HLA region. In the present study, the detection threshold (25%) to assign LOH was addressed
by laser-assisted microdissection of tumor cells from tumors containing marginal loss. In addition, we describe high density
microsatellite analysis of chromosome 6p21.3 in HNSCC with down-regulated HLA class I expression. The purpose of this study
was to refine the identification of genetic alterations at 6p21.3 and to pinpoint allelic loss to individual HLA class I genes, using
additional markers closely located to the HLA-A, -B, and -C loci and the transporter associated with antigen processing (TAP)
genes. LOH analysis by amplification of microsatellite markers and subsequent fluorescent detection is a rapid and sensitive
technique to predict HLA class I loss phenotypes in tumors. LOH can be identified at 25% relative signal reduction. Analysis of
heterogeneous tumor samples and samples containing a small amount of tumor cells is facilitated by laser-assisted
microdissection of tumor cells. In addition, we showed that accurate HLA LOH analysis requires application of microsatellite
markers in close proximity to HLA class I and TAP genes. (Lab Invest 2000, 80:405–414).

L arge scale genomic sequencing of the human
leukocyte antigen (HLA) coding region has re-

sulted in the identification of an increased microsatel-
lite marker density in the central part of the HLA region
(class II, class III, class I-class III junction) (Fossaic et
al, 1997, 1998), the HLA class I region (Tamiya et al,
1998), and the centromeric region (6p21.2–6p21.3)
(Tripodis et al, 1998). Approximately one polymorphic
marker every 34 to 66 kb on average can be found in
the HLA class I region spanning from HLA-B to HLA-E
(Tamiya et al, 1998). HLA microsatellites have been
applied in disease susceptibility, population, trans-
plantation, and recombination studies (Fossaic et al,
1998). The HLA gene complex encodes for many
genes involved in immune responses.

The HLA class I and class II genes encode highly
polymorphic, cell surface glycoproteins that bind anti-
genic peptides for presentation to CD8 and CD4 bearing
cytotoxic T lymphocytes, respectively (Townsend and
Bodmer, 1989). The high degree of polymorphism en-

ables binding and presentation of a wide range of
peptides. Peptides bound by HLA class I molecules are
generated from endogenous peptides by a multi-
catalytic complex, the proteosome, and loaded onto
HLA class I molecules by transporters associated with
antigen processing (TAP) heterodimers (Maffei et al,
1997). The gene encoding components of the proteo-
some (low molecular mass protein[LMP] 2 and 7) and for
TAP 1 and TAP 2, are located within the class II region
(Campbell and Trowsdale, 1993). Recognition of pep-
tides derived from viral proteins or tumor antigens by
cytotoxic T cells (CTLs) induces immune responses that
ultimately result in lysis of the target cell. Down-
regulation or absence of particular class I molecules at
the cell surface has been shown in many human tumors,
thereby providing tumor cells with a mechanism to
escape recognition by the immune defense system
(Ferrone and Marincola, 1995; Garrido et al, 1995; 1997).

Recently, we reported a correlation of down-
regulation or loss of HLA class I expression in head
and neck squamous cell carcinoma (HNSCC) and loss
of heterozygosity (LOH) at 6p21.3 (Feenstra et al,
1999b). HLA class I, beta2-microglobulin (b2m), and
TAP expression was characterized by immunohisto-
chemical procedures. LOH analyses was performed
using five microsatellite markers (STRs) (D6S291,
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D6S273, D6S265, D6S105, and D6S276) spanning the
4 megabase HLA region at 6p21.3 and two STRs
located at the centromere (D6S473) and telomere
(D6S277), respectively. In addition, two microsatellite
markers flanking the b2m gene on 15q (D15S126 and
D15S153) were used to study allelic loss of b2m. High
frequencies of allelic deletions were found at D6S291
(36%), and at the HLA class I located D6S265 and
D6S105 markers (33% and 27%, respectively) in the
tumors with down-regulated HLA class I expression.
Loss at D6S291 (located in the vicinity of the TAP
genes) significantly correlated with down-regulated
HLA class I and down-regulated or negative TAP
expression (p 5 0.0196 and p 5 0.0464, respectively).
Allelic loss at 15q was found in 29% of the HNSCC
with down-regulated HLA class I expression. Loss of
heterozygosity was assigned at a threshold of 25%
signal reduction of one allele in the tumor compared
with the normal sample.

The aim of the present study was to assess the
detection threshold (25%) in tumors containing marginal
loss. This was performed on microdissected tumor cells,
which facilitates interpretation of allelic loss by avoiding
amplification of co-isolated DNA derived from stromal
and infiltrating cells. Allelic loss to loss of HLA class I and
TAP genes was pinpointed by application of an ex-
tended panel of STR markers selected for their close
proximity to the HLA and TAP genes (Fig. 1). In addition,
a 6q-located marker was selected to be able to assign
loss of an entire chromosome 6.

Results

LOH Analysis on Microdissected Tumor Cells

Previously, 55 HNSCC were studied for LOH using
seven microsatellite markers located on chromosome
6 and two markers flanking the b2m gene (Feenstra et
al, 1999b). Most samples showed residual amplifica-
tion of the lost allele in the tumor from co-isolated DNA
derived from stromal cells. By definition, allelic loss
was assigned if 25% and more of signal reduction of
one allele was shown in the tumor sample compared
with the normal sample. In four tumors, near-threshold
values of signal reduction compared with the normal
sample were found. To clarify whether these samples
displayed allelic loss, tumor cells from these samples
were microdissected to avoid co-isolation of stromal
and infiltrating cells. In addition, stromal and epithelial
cells of these tumors were separately microdissected
and used as a control.

Three of the samples showed a 25% to 30% signal
reduction with marker D15S126. An example for
marker D15S126 is shown in Figure 2. Amplification
and gene scan analysis of nonmicrodissected tumor
cells resulted in two alleles (Fig. 2b). One allele in the
tumor sample showed a reduced intensity compared
with the normal sample, which was derived from
microdissected epithelium cells (Fig. 2a). Amplification
and gene scan analysis of microdissected normal
epithelium cells showed two alleles of equal heights

Figure 1.
Schematic presentation of the location of the short tandem repeats (STRs) on chromosome 6p and their relative position to the HLA-A, -B, -C, TAP1, and TAP2 genes.
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(Fig. 2a). LOH of this sample was calculated as fol-
lows:

[3979/6223]/[51/56] 5 0.64/0.91 5 0.70 5 30% signal
reduction of
one allele in
the tumor
compared
with the
normal
sample

The numbers 6333 and 3979 are the peak heights (ht) of
allele 1 and allele 2, respectively, of the tumor sample
(Fig. 2b). The numbers 56 and 51 are the peak heights of

allele 1 and allele 2, respectively, of the control sample
(Fig. 2a). From these tumors, tumor-fields of 200 to 500
cells were microdissected. The DNA derived from the
microdissected tumor cells was amplified using the
D15S126 amplification primers and an increase of signal
reduction of one allele in the tumor sample was found. In
one tumor, the second allele was completely lost. Figure
2c shows allelic loss at D15S126 in the microdissected
tumor sample. The two other tumor samples displayed
53% to 55% of signal reduction of one allele tumor
sample when compared with the normal sample after
microdissection (results not shown).

In addition, for the D6S265 marker located on
chromosome 6, a near-threshold value of allelic loss

Figure 2.
Loss of heterozygosity (LOH) analysis using marker D15S126.

Figure 3.
LOH analysis using marker D6S265. LOH analysis was performed on normal microdissected epithelial or stromal cells, nonmicrodissected tumor cells and
microdissected tumor cells. Sections were used for microdissection were stained by toluidin blue (2a and 2c, 3a and 3c). The figures show the areas of tumor (2c
and 3c) or normal cells (2a and 3a) that were microdissected. The nonmicrodissected sections were immunostained using anti-â2m monoclonal antibodies (mAbs)
(2b) or the monomorphic anti-HLA class I mAb W6/32 (3b). For LOH analysis of the nonmicrodissected tumor, the whole section was used, of which only a part
is shown. Sections contained at least 60% tumor cells (estimated). Tumor cells are indicated with asterisks. Amplification and subsequent gene scan analysis of the
samples was performed using marker D15S126 (2a to 2c) or marker D6S265 (3a to 3c).

Genomic loss of HLA in HNSCC
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was found in a tumor sample (Fig. 3). Amplification
and gene scan analysis of nonmicrodissected tumor
cells resulted in two alleles (Fig. 3b). One allele in the
tumor sample showed a reduced intensity when com-
pared with the normal sample (Fig. 3a), which was
derived from microdissected stromal cells (Fig. 3a).
Amplification and gene scan analysis of microdis-
sected normal stromal cells showed two alleles of
comparable heights (Fig. 3a). LOH of this sample was
calculated as follows:

[3375/5320]/[90/108] 5 0.63/0.83 5 0.76 5 24% signal
reduction of
one allele in
the tumor
compared
with the
normal
sample

The numbers 5320 and 3375 are the peak heights of
allele 1 and allele 2, respectively, of the nonmicrodis-
sected tumor sample (Fig. 3b). The numbers 108 and
90 are the peak heights of allele 1 and allele 2,
respectively, of the control sample (Fig.3a).

DNA was isolated from 200 microdissected tumor
cells (Fig. 3c) and signal reduction of one allele in the
tumor sample, compared with the normal sample, was
calculated:

[168/597]/[90/108] 5 0.28/0.83 5 0.34 5 66% signal
reduction of
one allele in
the tumor
compared
with the
normal
sample

The numbers 597 and 168 are the peak heights of
allele 1 and allele 2, respectively, of the microdis-
sected tumor sample (Fig. 3b). The numbers 108 and
90 are the peak heights of allele 1 and allele 2,
respectively, of the control sample (Fig. 3a).

High Density Microsatellite Analysis in Primary Tumors
and Lymph Node Metastases

HLA class I, b2m, and TAP expression. A panel of
nine paired tumor samples derived from primary (HN)
and metastatic lesions (L) of the head and neck, were
subjected to high density microsatellite analysis. HLA
class I, b2m, TAP1, and TAP2 expression in these
tumors was established by immunohistochemical pro-
cedures using the mAbs W6/32, HCA2, HC10, anti-
b2m, and antibodies raised against TAP1 and TAP2.
Table 1 (left panel) shows HLA class I, b2m, TAP1, and
TAP2 expression in the primary (HN) and metastatic (L)
lesions. Six primary HNSCCs (HN37, 38, 41, 54, 20,
and 8) showed heterogeneous or negative HLA class I
heavy chain expression when analyzed with the locus-
specific HCA2 and HC10 mAbs. HN20 showed nega-
tive HLA-A expression with retention of HLA-B/C
expression. Three of these tumors (HN37, 38, and 41)

also displayed down-regulated monomorphic HLA
class I surface expression after staining with W6/32
mAbs. Down-regulated monomorphic HLA class I
surface expression always coincided with down-
regulated b2m expression (HN37, 38, and 41).

Comparable down-regulated HLA class I and b2m
expression was seen in the primary and metastatic
lesions of 5 HNSCCs (Cases HN1L37, 38, 41, 54, and
20). Case HN1L8 displayed heterogeneous HLA-A and
HLA-B/C expression in the primary tumor, whereas the
autologous lymph node metastasis displayed negative
HLA-A expression with retention of HLA-B/C expres-
sion. TAP1 expression was down-regulated in the pri-
mary and metastatic lesions of three cases with down-
regulated HLA class I expression (HN1L37, 38, and 20).
None of the tumors displayed down-regulated or lost
TAP2 expression. Normal HLA class I, b2m, and TAP
expression was found in Cases HN1L43, 44, and 45.
These cases were included in our LOH studies as a
control for tumors with normal HLA class I, b2m, TAP1,
and TAP2 expression.

High Density Microsatellite Analysis in Primary Lesions

DNA was isolated from the panel of primary and
metastatic lesions, which contained at least 60%
tumor cells, and used for high density microsatellite
analysis. DNA derived from autologous peripheral
blood lymphocytes (PBLs) was used as a control.
Twelve markers located in the HLA region (D6S291,
TAP1, D6S273, TNFd, MIB, C141, C125, C143,
D6S265, D6S510, D6S105, and D6S276), a centro-
meric marker (D6S473), and a telomeric marker
(D6S277) were used. Results obtained by application
of these markers are shown in Table 1, right panel.

In addition, a marker located on the 6q arm,
D6S311, was used. Each primary tumor with down-
regulated HLA expression (HN37, 38, 41, 54, 20, and
8) displayed allelic loss at 6p, and specifically at
6p21.3, for at least one marker. Of these tumors, three
primary tumors (HN38, 54, and 20) displayed allelic
loss at the majority of the informative 6p21.3-located
markers ranging from D6S291 to D6S105. One of
these tumors (HN38) displayed allelic loss at all infor-
mative 6p markers, whereas heterozygosity was re-
tained at the chromosome 6q marker D6S311. Three
primary tumors with down-regulated HLA class I ex-
pression (HN37, 41, and 8) displayed allelic loss at 1–3
loci, only. Single allelic losses were found at D6S265
(HN37) and at D6S105 (HN8). One tumor with normal
HLA class I expression (HN44) displayed allelic losses
at 6p21.3. Allelic loss in this tumor ranged from marker
TNFd to C125 (marker C143 was not informative),
which comprised the HLA class III-HLA class I junc-
tion, including the HLA-B gene. Telomeric 6p loss was
found in HN8 and HN 45. Allelic loss at 6q was found
in 2 of 6 primary tumors (HN41143).

High Density Microsatellite Analysis in Associated Lymph
Node Metastases

To study the role of chromosomal deletions at 6p, and
in particular at 6p21.3, in tumor progression, we
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applied the autologous lymph node metastases to
high density microsatellite analysis. Table 1 includes
the results obtained by high density microsatellite
analysis of the lymph node metastases (L). In accor-
dance with the HLA class I expression patterns, iden-
tical LOH patterns were found in four primary and
autologous lymph node metastases with down-
regulated HLA class I expression (HN1L37, HN1L38,
HN1L41, and HN1L54). Case 20 (HN1L20) displayed
a different pattern in the primary and the metastatic
lesion. The primary tumor contained two noncontinu-
ous regions of loss: one region between D6S273 and
C141, and the second region between D6S265 and
D6S510. Heterozygosity at C125, which is located at
the HLA-B/C region, was retained in the primary
tumor. Marker C143 was not informative. The lymph
node metastasis contained one region of allelic loss
ranging from D6S273 to D6S510. In Case 8 (HN1L8),
the metastatic lesion displayed in addition to loss at
the 6p21.3-located marker D6S105, allelic loss at

marker TNFd. Allelic loss at this marker was not found
in the primary tumor.

Two (2 of 3) cases with normal HLA class I expres-
sion (HN1L43 and HN1L44) showed differential allelic
loss patterns at 6p21.3 in the primary versus the
metastatic lesion. Case 43 (HN1L43) showed allelic
loss at marker TAP1 in the metastatic lesion. Allelic
loss at this marker was not found in the primary tumor.
Case 44 (HN1L44) displayed allelic losses between
marker TNFd and C125 in the primary tumor, which
was not found in the metastatic lesion. The third case
with normal HLA class I expression, Case 45
(HN1L45) contained single allelic loss at D6S277
(located at the 6p telomere), both in the primary and
the metastatic lesion.

Discussion

Down-regulation of HLA class I expression has been
reported in various tumors and this singularity may

Table 1. Immunohistochemical Staining and Chromosome 6 Loss of Heterozygosity Analysis in Nine Primary Head and
Neck Squamous Cell Carcinomas and Lymph Nodes

Tumor

mAbs Chromosome 6 Markers

W6/32 aB2m HCA2 HC10 TAP1 TAP2 311 473 291 TAP1 273 TNFd MIB C141 C125 C143 265 510 105 276 277

HN37 w w 2 2 w 1 N N N N N N N N N N L N N N N
L37 w w 2 h h 1 N N N N N N N N N N L N N N N

HN38 w w 2 2 h 1 N H L L L L L L L L L L L H H
L38 w w 2 2 w 1 N H L L L L L L L L L L L H H

HN41 h h h h 1 1 L N L N N N N N N H N N L H H
L41 h h h h 1 1 L N L N N N N N N H N N L H H

HN54 1 1 h h 1 1 N N H H L L L L L H H H L N N
L54 1 1 h h 1 1 N N H H L L L L L H H H L N N

HN20 1 1 2 1 h 1 N N N H L L L L N H L L H N H
L20 1 1 2 1 h 1 N N N H L L L L L H L L H N H

HN8 1 1 h h 1 1 N N N N H N N N N H N N L N L
L8 1 1 2 1 1 1 N N N N H L N N N H N N L N L

HN43 1 1 1 1 1 1 L N N N N N N N N H N N N N N
L43 1 1 1 1 1 1 N N N L N N N N N H N N N N N

HN44 1 1 1 1 1 1 N N H N N L L H L H N N N N N
L44 1 1 1 1 1 1 N N H N N N N H N H N N N N N

HN45 1 1 1 1 1 1 N N N H H N N N N H N N N N L
L45 1 1 1 1 1 1 N N N H H N N N N H N N N N L

Patterns of immunohistochemical staining of HLA Class I (W6/32), b2m (anti-b2m), HLA-A (HCA2), HLA-B/C (HC10), and TAP 1 (AK1.7) and TAP 2 (T2-429.3)
(left panel) and loss of heterozygosity (LOH) on chromosome 6 (right panel) of 9 head and neck squamous cell carcinomas (HNSCCs) (HN) and lymph nodes (L).
Left panel: n, normal, w, weak, h, heterogeneous, 2, negative staining. Right panel: N, no LOH, L, LOH, H, homozygous.

5 normal expression (left panel) or no LOH (right panel).
5 down–regulated expression (left panel) or LOH (right panel).
5 not informative (homozygous, H).

Genomic loss of HLA in HNSCC

Laboratory Investigation • March 2000 • Volume 80 • Number 3 409



provide tumor cells with a mechanism to escape im-
mune recognition by cytotoxic T cells. Loss of HLA class
I expression in tumors has mainly been established by
immunohistochemical procedures using monoclonal an-
tibodies (mAbs) directed against monomorphic, locus-,
and allele-specific determinants of HLA class I mole-
cules (Garrido et al, 1997). Due to the cross-reactivity of
several locus-specific mAbs and the scarcity of allele-
specific mAbs, the exact frequency and nature of altered
HLA class I expression are still unclear. Moreover, im-
munohistochemical procedures are limited in revealing
the underlying mechanisms responsible for down-
regulated HLA class I expression. Interpretation of HLA
class loss phenotypes in tumors is even more compli-
cated by the heterogeneity of tumors. The development
of reliable and robust molecular techniques is required to
study HLA class I loss in tumors. One important innova-
tion in these studies is microdissection, which enables
isolation of tumor cells without co-isolation of normal
cells that could mask alterations in tumor cells. In addi-
tion, this technique offers the possibility to study heter-
ogeneity in tumors.

Various underlying mechanisms can result in loss of
HLA class I expression in tumors (Ferrone and Marin-
cola, 1995). One of these mechanisms, LOH of chro-
mosome 6p, has been reported in various tumors of
different origin (Foulkes et al, 1993; 1999a; Randerson
et al, 1996). Previously, we studied chromosomal
deletions of the HLA region at 6p21.3 in head and
neck squamous cell carcinomas using a limited panel
of microsatellite markers (Feenstra et al, 1999b). LOH
was studied using DNA isolated from ten 10 mm
cryostat sections containing at least 60% of tumor
cells. To demonstrate LOH, paired samples of tumor
and normal DNA were analyzed. Normal DNA was
used as a control because the efficiency of amplifica-
tion varies between alleles and between samples. The
ratio between two alleles in a heterozygous sample
should remain constant. By comparing tumor and
normal DNA, a change in the ratio indicates allelic loss.
Most samples showed residual amplification of the
lost allele in the tumor from co-isolated DNA derived
from stromal and infiltrating cells. Allelic loss was
assigned if 25% and more of signal reduction of one
allele was shown in the tumor sample compared with
the normal sample. The majority of samples with allelic
loss, showed 50% and more relative signal reduction.
In four tumors, near-threshold values of signal reduc-
tion were found. To clarify whether these samples
displayed allelic loss, tumor cells from these samples
were microdissected to avoid co-isolation of stromal
and infiltrating cells. In addition, normal stromal and
epithelial cells of these tumors were microdissected
and used as a control. Microdissection of tumor
resulted in clear allelic loss in these tumors. Signal
reduction in the microdissected tumor cells, when
compared with normal tissue, increased from near-
threshold values (approximately 25%) to 53% to
100%. The initial low signal reduction in the nonmi-
crodissected tumor tissue, may have resulted from the
heterogeneity of these tumors. Figure 2 shows that the
tumors display heterogeneous b2m (Fig. 2b) and HLA

class I (Fig. 3b) expression. Due to this heterogeneity,
only a low percentage of the tumor cells may contain
allelic loss. Alternatively, the initial low signal reduction
in the nonmicrodissected tumor tissue may result from
the high percentage of infiltrating cells. The presence
of a high percentage of infiltrating cells in tissue
impedes estimation of the percentage of tumor cells.
Our results on microdissected tumor cells show that
assigning LOH at 25% signal reduction in the tumor
compared with the normal sample is accurate. In
addition, we show that microdissection is an impor-
tant technique to identify LOH in heterogeneous tumor
samples or tumor samples that contain a low percent-
age of tumor cells.

Next, we analyzed LOH in nine paired primary and
metastatic lesion of the head and neck by high density
microsatellite analysis. Allelic loss at chromosome 6p
was previously studied by seven STR markers
(D6S473, D6S291, D6S273, D6S265, D6S105,
D6S276, and D6S277) covering the chromosome 6p
from centromere to telomere and correlated with HLA
class I and TAP1 expression. Allelic loss was found
with high frequencies and significantly correlated with
down-regulated HLA class I and TAP1 expression
(Fisher’s exact test p 5 0.0196 and p 5 0.0464,
respectively) (Feenstra et al, 1999b). However given
the genomic distances between marker and HLA
genes, allelic loss at a microsatellite marker may not
necessarily reflect loss of HLA genes. High density
microsatellite analysis was developed to increase the
probability that allelic loss at a microsatellite marker
coincides with loss of expression of HLA genes. The
extended panel of microsatellite markers (TAP1,
TNFd, MIB, C141, C125, C143, and D6S510) was
selected for the close proximity to the HLA and TAP
genes (see Fig. 1 and Table 2). Therefore, in total, 14
STRs were used to study LOH at chromosome 6p, and
allelic loss was correlated with HLA class I expression.
In addition, one marker (D6S311) located at chromo-
some 6q was used to identify loss of the 6q arm. Loss
at 6p and 6q indicates loss of the entire chromosome
6. Three tumors (HN1L 38, 54, and 20) displayed
allelic losses at the majority of the markers. This result
indicates that the coding regions of the HLA genes are
lost as well in these tumors. Indeed, LOH in these
tumors correlated with down-regulated HLA class I
expression. Case 20 displayed two regions of allelic
loss with retention of heterozygosity at marker C125.
Our hypothesis is that the noncontinuous deletions
occurred at separate chromosomes. It is not possible
to distinguish between losses on separate chromo-
somes by application of microsatellites.

Case 38 showed LOH at all 6p markers indicating
loss of the entire 6p arm. To study loss of the entire
chromosome 6, the 6q located marker D6S311 was
applied. No allelic loss at this marker was identified,
indicating that the 6q arm was still present. Loss of an
entire chromosome is believed to result from nondis-
junction. Nondisjunction is not the most common
mechanism by which LOH on chromosome 6 occurs.
Deletions and recombinations seem to be the most
important mechanism contributing to LOH on 6p

Feenstra et al
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(Feenstra et al, 1999b; Foulkes et al, 1993). In two
(2 of 3) cases with normal HLA class I expression,
allelic loss at 6p21.3 was identified with high density
microsatellite analysis that was not identified by ap-
plication of the 7 STRs used in our previous study.

One primary tumor with normal HLA class I expres-
sion (HN44) showed a deletion ranging from TNFd to
C125, which includes the HLA-B gene. Genomic loss
in this tumor did not result in down-regulated HLA-B
expression as was analyzed by immunohistochemical
procedures using HLA-B/C locus specific mAbs. Be-
cause not all HLA-B/C alleles are recognized by HC10,
it is possible that the lost HLA-B allele was not
recognized by HC10 in the first place. In this case,
genomic loss of this allele will remain undetected by
immunostaining with the HC10 mAbs. Application of
allele-specific mAbs on HLA-typed samples will be
required to further investigate this sample.

We were specifically interested in allelic loss at the
TAP1 marker. Marker D6S291 appeared to be an
informative marker, and allelic loss at this marker
correlated significantly with down-regulated TAP1 ex-
pression (p 5 0.0464) (Feenstra et al, 1999b). How-
ever, the genomic distance between D6S291 and TAP
is approximately 5 Mb (Tripodis et al, 1998). To study
genomic loss of the TAP gene, we applied the TAP1
marker, which is located in intron 3 of the TAP1 gene
(Carrington and Mann, 1994). LOH at the TAP1 marker
was compared with down-regulated TAP1 expression.
In one case (HN1L38) down-regulated TAP1 expres-
sion indeed correlated with loss at the TAP1 marker. In
Case 41 (HN1L41), allelic loss was identified at
marker D6S291, whereas TAP1 expression was nor-
mal. Application of the TAP1 marker revealed no allelic
loss of TAP1.

To study the role of LOH in tumor progression, high
density microsatellite analysis was applied to primary
and metastatic lesions of the head and neck. In 5 of 9
cases (HN1L37, 41, 54, 20, and 45) the same LOH
pattern was found in the primary tumor as in the lymph
node metastases. This indicates that in these patients
LOH occurred before the tumor became metastatic. In
Cases 8 and 44 (HN1L8 and 44) allelic loss was found
in the primary tumor but not in the lymph node
metastases. In contrast, Case 43 (HN1L43) displayed
an allelic loss in the lymph node metastasis, which
was not found in the primary tumor. The latter cases
may be explained by the biological heterogeneity of
the primary tumor. LOH may have occurred in only a
small number of tumor cells of the primary HNSCC,
which appeared to be below threshold detection but
were able to metastasise to the lymph node. Micro-
dissection of multiple areas from these samples will be
required to prove this assumption.

This study shows that HNSCC with down-regulated
HLA class I expression frequently show allelic loss at
6p21.3. High density mapping using an extended
panel of 12 6p21.3-located microsatellite markers
identified additional allelic losses that were not iden-
tified in our previous study using only five 6p21.3-
located markers. Moreover, loss of HLA class I ex-
pression was not identified by immunohistochemical

procedures, using monomorphic and locus specific
mAbs, in some of these tumors. LOH analysis by
amplification of microsatellite markers and subse-
quent fluorescent detection is a rapid and sensitive
technique to predict HLA class I loss phenotypes in
tumors. In our previous and current study, LOH was
assigned at 25% or more signal reduction of one allele
in the tumor when compared with the normal sample.
Assigning loss at 25% was validated by microdissec-
tion. Microdissection of tumor cells facilitates identifi-
cation of loss in heterogeneous tumor samples or
tumor samples containing low percentages of tumor
cells. Appropriate HLA-LOH analysis requires carefully
selected markers covering the 6p21.3 region. Impor-
tant criteria for these markers are the number of
alleles, percentage of heterozygosity and the location
relative to HLA and TAP genes. Previously we pro-
posed a panel of 5 microsatellite markers covering the
whole 6p21.3 region, ie D6S291, D6S273, D6S265,
D6S105, and D6S276 (Ramal et al, 1999). The present
study shows that in addition to these markers, appli-
cation of markers in close proximity to HLA class I and
TAP genes is required to accurately locate HLA loss in
tumors. Markers TAP1, C125, and D6S510 are, with
regard to percentage of heterozygosity and location to
HLA genes, the most suitable markers to include. To
perform high density microsatellite analysis using mul-
tiple STRs on tumor samples, the development of
multiplex assays will be of great importance.

Materials and Methods

Patients and Tumor Specimens

HNSCCs used in this study were derived from a panel
of 55 HNSCC that was previously studied for HLA
class I and b2m expression by immunohistochemical
procedures and for allelic loss at 6p (including the HLA
region at 6p21.3) and 15q (flanking the b2m gene)
(Feenstra et al, 1999a). Four primary lesions showing a
near-threshold value of signal reduction for LOH were
selected for microdissection. Nine primary and meta-
static lesions used for high density microsatellite anal-
ysis were also selected from this panel. Tissue was
obtained from patients undergoing tumor resection at
the University Medical Center, Utrecht, The Nether-
lands. All tissues were snap frozen in liquid nitrogen
and stored at 280° C. Histopathological diagnosis
and grading were confirmed on hematoxylin and eosin
stained frozen sections according to the classification
in “Histological typing of Tumors of the Upper Respi-
ratory Tract and Ear” (Shanmugaratnam and Sobin,
1991). The samples were derived from the oral cavity
or the larynx, and the majority of samples were mod-
erately differentiated.

Antibodies

The following primary MoAbs were used: W6/32
against HLA class I heavy chain/b2m complex (DAKO
A/S, Glostrup, Denmark), anti-b2m against b2m (Im-
munotech, Margency, France), and HCA2 and HC10
defining HLA-A heavy chain and HLA-B/C heavy
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chain, respectively, kindly provided by Dr. H. L. Ploegh
(MIT, Boston, Massachusetts) (Stam et al, 1990). The
AK1.7 and the T2–429.3 antibodies against TAP1 and
TAP2, respectively, were a kind gift from Dr. M. J.
Kleijmeer (UCMU, The Netherlands) (Kleijmeer et al
1992). The primary antibodies used in this study, their
specificity and origin are summarized in Table 3.

Immunohistochemical Procedures

Immunohistochemical staining was performed as de-
scribed previously (Feenstra et al, 1999a). Cryostat sec-
tions (8 mm thick) were immunostained for HLA-class I,
b2m, and TAP. W6/32, anti-b2m, AK 1.7, and T2–429.3
were detected by the streptavidin-biotin technique.
Horse anti-mouse biotin-conjugated immunoglobulin
was obtained from Vector Laboratories (Burlingame,
California), and the streptavidin-peroxidase conjugate
was obtained from Immunotech (Margency, France). For
the detection of HCA2 and HC10 mAbs, the sections
were incubated with second step rabbit anti-mouse
peroxidase conjugate (RAMPO) and third-step antibody
swine anti-rabbit peroxidase conjugate (SWARPO). Both
antibodies were purchased from DAKO A/S (Glostrup,
Denmark).

Visualization of the peroxidase label was performed
with DAB (3.39-diaminobenzidine tetra-hydrochloride),
purchased from Sigma (St. Louis, Missouri). The sec-
tions were counterstained with Mayer’s hematoxylin.
Slides were analyzed in three independent scores. The
staining intensity of the tumor cells was scored as
normal (staining of the tumor cells showed the same
intensity as the surrounding stromal cells), weak
(staining of the tumor cells was significantly less when
compared with staining of the surrounding stromal
cells), negative (no staining of the tumor cells), and
heterogenous (normal and weak, normal and negative,
or weak and negative staining of the tumor cells from
one section) (Feenstra et al, 1999b). Necrotic or kera-
tinized tumor areas were not taken into consideration.
Isotype controls were applied for every tumor used in
this study.

Laser-Assisted Single-Cell Microdissection

Frozen sections (12 mm thick) were mounted on PEN-foil
(1, 35 mm thin polyethylene foil, PALM GmbH, Wolfrat-
shausen, Germany); this serves as a supporting back-
bone of the catapulted specimen. The sections were air

dried and stained with a 0.1% solution of toluidin blue in
0.13 phosphate buffered saline (PBS) for 30 seconds.
Groups of tumor cells (200–500 cells) were dissected by
laser assisted microdissection using Robot-Microbeam
(PALM GmbH) equipment. In addition, stromal and epi-
thelial cells (200–500 cells) were dissected and used as
control material. The Robot-Microbeam consists of a
pulsed nitrogen laser (wavelength, 337 nm) coupled
through a special interface to a microscope (Leica DM
IRD microscope, Leica B.V., Rijswijk, The Netherlands)
and equiped with a motorized, computer controlled
microscope stage and micromanipulator. The stained
section was visualized under the microscope. Simulta-
neously, activation of the laser beam and a highly precise
computer controlled movement of the microscope stage
allowed for accurate separation of cells. Unwanted cells
can be selectively eliminated with a few laser shots. By
increasing the laser energy level on a small area, the
selected cells are catapulted into the microfuge cap
coated with 1 ml of paraffin oil. The increased laser
energy did not damage the selected cells. The microfuge
cap was held and centered above the line of laser fire
with the motorized micromanipulator.

DNA Isolation from Microdissected Cells

Cells were lysed in 100 ml 13 PCR II buffer (Perkin Elmer,
Foster City, California) containing 400 mg Proteinase K
(Boehringer Mannheim, Germany), 2.5 mM MgCl2, and
2% Tween 20 (Riedel-deHaën, Seelze, Germany). The
cells were incubated upside-down (the cells were in the
cap) for 1 hour at 55° C followed by 5 minutes 95° C to
stop the reaction. From the lysate 5 ml was used for
polymerase chain reaction (PCR), allowing 20 PCR reac-
tions per lysate. The mixture was kept at 220° C.

DNA Extraction from Nonmicrodissected Cells

From the solid tumor, 12 serially cryostat-sectioned,
10 mm slices were collected. The first and last sections
were stained with hematoxylin and eosin, and the
percentage of tumor tissue was calculated. Only tis-
sues with more than 60% of tumor cells (as estimated)
were used. DNA was isolated using a Qiagen DNA
isolation kit (Qiamp Tissue Kit, Westburg, Leusden,
The Netherlands). DNA from peripheral blood lympho-
cytes (PBL) was isolated according to the salting-out
method (Miller et al, 1988).

PCR

For the amplification of microsatellite markers on
chromosome 6, the 59 site of one of the primers of
each primer set was tagged with a blue fluorescent
label FAM (Eurogentec, Seraing, Belgium). Details of
the selected primers are given in Table 2. The loca-
tions of the microsatellite markers on chromosome 6p
are given in Figure 1.

TAP1, TNFd, MIB, C141, C125, C143, and D6S510
are the seven additional primers used for high density
mapping. D6S311 was used to investigate 6q loss.
PCR was performed in 50 ml reactions containing 13
PCR II buffer (Perkin Elmer), 100 ng DNA, 12 pmol of

Table 3. Primary Antibodies

Antibody Specificity Dilution Used Ref

W6/32 b2m 1 heavy chain 1:100 a
anti-b2m b2m 1:100 b
HCA2 HLA-A 1:40 c
HC10 HLA-B/C 1:50 c
AK1.7 TAP1 1:50 d
T2-429.3 TAP2 1:200 d

a, Dako, Glostrup, Denmark; b, Immunotech, Margency, France; c, Stam et
al, 1990; d, Kleijmeer et al, 1992.
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each primer combination, 0.8 mM dNTPs, 0.4 ml Am-
plitaq DNA polymerase (5U/ml) (Perkin Elmer), and
1.5–3 mM MgCl2. Amplification was performed in 30
cycles in a PE 480 thermal cycler (Perkin Elmer) as
follows: 94° C (30 seconds), 55° C to 64° C (30 sec-
onds), 72° C (45 seconds). MgCl2 concentration and
annealing temperature was optimized for each primer
set (Table 2). Amplification was preceded by a dena-
turating step (94° C, 4 minutes) and completed with an
extension step (72° C, 5 minutes).

Microsatellite Analysis

Microsatellite alleles were size fractionated in a 6%
denaturating polyacrylamide gel in the presence of a
2500-ROX size standard (Applied Biosystems, Foster
City, California) on a 373A DNA sequencer running
Genescan Analysis 2.0 software (Applied Biosystems).
Microsatellite allele sizes and LOH were determined
by using Genotyper software (Applied Biosystems).

LOH was calculated as follows:

Height of tumor allele 2
Height of tumor allele 1YHeight of normal allele 2

Height of normal allele 1

Loss of heterozygosity was assigned if more than 25%
of signal reduction of one allele was shown in the tumor
sample when compared with the control PBL sample.
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