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ABSTRACT A system devised for tissue typing the HLA-A
locus by PCR from genomic DNA has been used to investigate
abnormalities of HLA expression in a panel of 30 colorectal
tumor cell lines, by comparing the HLA-A locus genotype with
surface expression of HLA. Three cell lines showed complete
lack of HLA expression associated with failure to express
B2-microglobulin. In two other cell lines, loss of expression of
HLA-A2 was observed, in spite of the presence of the gene in
genomic DNA. Eleven cell lines gave a single HLA-A locus
specificity on PCR typing. In one of these cell lines we have
demonstrated the loss of an HLA-A locus gene in the tumor cell
by comparison with DNA from a lymphoblastoid B-cell line
derived from the same patient. These data indicate that at least
three independent mechanisms were involved in the loss of
HLA expression on the colorectal tumor cell lines.

HLA class I molecules are transmembrane glycoproteins
consisting of two polypeptide chains. The class I heavy
chains are encoded by three principal genes (HLA-A, -B, and
-C) within the HLA region of chromosome 6. The products
of these genes are associated at the cell surface with a
nonpolymorphic light chain, B;-microglobulin (8,m), and a
cell-derived peptide to form a stable complex (1). Surface
expression of this complex controls the recognition of a cell
by antigen-specific cytotoxic T lymphocytes (2, 3) and has
been implicated in the rejection of intracellular parasites (4,
S), tumors (6, 7), and tissue allografts (8). Loss of expression
of HL A molecules has been described on a wide variety of
tumor types (9-13) and has been argued as presenting a
mechanism whereby a tumor cell can escape from immune
surveillance by cytotoxic T lymphocytes (14, 15). To better
understand the control of HLA expression on tumor cells, we
have established a DNA-based method for tissue typing the
HLA-A locus by a one-step PCR from genomic DNA. HLA-A
locus-specific amplification of target DNA is achieved by the
use of combinations of sequence-specific oligonucleotide
primers, to yield PCR products of defined size. The speci-
ficity of priming the PCR is determined by the amplification
refractory mutation system, in which nonspecific reactions
are inhibited by nucleotide mismatch at the 3’ residue of the
primer (16). A panel of oligonucleotide primers has been
assembled that allows the identification of HLA-A locus
specificities HLA-AI, -A2, -A3, -A9, -All, -A25, -A26, -A28,
-A29, -A30, -A31, -A32, and A33, and the group-specific
typings -A10 and -A19 (except A30) (17). We have used this
system to define the HLA-A locus genotype of a panel of 30
cell lines derived from colorectal adenocarcinomas and to
compare this with the surface expression of HLA class I, in
general, and of HLA-A2, in particular.
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MATERIALS AND METHODS

Cell Lines and Extraction of Genomic DNA. The majority of
the colorectal tumor cell lines have been described (see Table
3). Colorectal cell lines C10, C32, C70, C75, C80, and C84
were established in this laboratory from surgically resected
colorectal adenocarcinomas as described (18). Extraction of
genomic DNA from cell pellets was done manually (19) or by
using an Applied Biosystems 340A nucleic acid extractor and
standard methods.

HLA-A Locus-Specific PCR. HLA-A locus-specific PCR
was done by using a panel of nine coding-strand and seven
noncoding-strand primers. HLA-specific primer sequences
were derived from HLA class I nucleotide sequences (20).
The nucleotide sequences of the primers are shown in Table
1. HLA-A locus-specific amplification was achieved by using
combinations of primers as listed in Table 2. Amplification of
genomic DNA yielded HLA-A locus-specific PCR products
ranging in size from 397 to 631 bp (Table 2). Each reaction
included positive control primers, specific for the gene en-
coding B,m (Table 1), which amplified a smaller (330 bp), and
so readily distinguishable, product. A negative control reac-
tion, containing distilled water in place of DNA, was run with
each typing set.

Each of the PCR reactions was done in 50-ul vol, contain-
ing 17 mM ammonium sulfate, 67 mM Tris-HCI (pH 8), 6.7
uM EDTA, 0.017% bovine serum albumin, 200 uM of each
dNTP, 2 mM magnesium chloride, 0.2 uM of each of the two
control primers and two relevant sequence-specific primers,
and 1 ug of target DNA. The reaction mix was heated to 95°C
for 5 min for DNA denaturation and cooled to room temper-
ature; the condensation was then spun down before addition
of 1 unit of Amplitaq (Perkin-Elmer/Cetus) and overlaying
with mineral oil. The amplifications were done in a Hybaid
(Teddington, U.K.) thermal cycler over 30 cycles, each of
95°C (1 min), 55°C (1 min), and 72°C (2 min). After the PCR,
10 ul of each reaction was run out on a 2% agarose gel. The
HLA-A locus tissue type was determined by the presence or
absence of the appropriate-sized bands on the gel for each
specific reaction. The specificity of the primer combinations
for each of the HLA-A locus-specific PCR reactions was
validated against DNA from a panel of lymphoblastoid B-cell
lines of known tissue type (data not shown).

HLA-Specific ELISA and Flow Cytometry. Monoclonal
antibodies (mAbs) (and their specificities) used in the study
were W6/32 (HLA class I—8,m complex; ref. 21), L368
(Bxm; ref. 22) and BB7.2 (HLA-A2, -A69; ref. 9). The
galactosidase/antigalactosidase ELISA method has been de-
scribed (23). Staining of the cells was expressed in arbitrary
ELISA units on a scale from 0 to 4000. An ELISA reading of
<300 correlated with negative staining of the cell on flow

Abbreviations: fm, B>-microglobulin; mAb, monoclonal antibody.
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Table 1. Oligonucleotide primer sequences

Primer Sequence (5'-3') Tm
Coding
AL#2 ACA GAC TGA CCG AGC GAA 56
AL#3 GAC GGG GAG ACA CGG AAA 58
AL#4 GAG TAT TGG GAC CGG AAC 56
AL#S CAC TCC ATG AGG TAT TTCTC 58
AL#6 CGG AAT GTG AAG GCC CAG 58
AL#7 GCG ACG CCG CGA GCC A 58
AL#10 GAT AGA GCA GGAGAGGCCT 60
AL#11 CAC AGA CTG ACCGAG AGAG 60
AL#15 CCT GCG GAT CGC GCT CC 60
Noncoding
AL#A CTC CAG GTA GAC TCT CCG 58
AL#C TGT AAT CCT TGC CGT CGT AA 58
AL#D CAC TCC ACG CAC GTG CCA 60
AL#F GCG CAG GTC CTC GTT CAA 58
AL#H CAA GAG CGC AGG TCC TCT 58

AL#I TCT CTG CTG CTC CGC CG 58

AL#K TCT CAA CTG CTC CGC CCA 58
Internal control (8;m)

Coding CGA TAT TCC TCA GGT ACT 52

Noncoding CAA CTT TCA GCA GCT TAC 52

cytometric analysis. Flow cytometry was done on a Becton
Dickinson FACScan, after staining of the cells with mAbs
and labeling with fluorescein isothiocyanate-conjugated
F(ab’), fragment of rabbit anti-mouse IgG (Dako, High Wy-
combe, U.K.).

RESULTS

HLA-A Locus-Specific PCR Typing of Colorectal Tumor Cell
Lines. For practical purposes, genomic DNA was screened
by using a low-resolution panel of nine reactions, correspond-
ing to HLA-A locus specificities HLA-Al, -A2, -A3, -A9,
-Al0, -All, -A28, -A19 (except A30), and -A30. Subtyping of
the group-specific reactions HLA-A10 (-A25 and -A26) and
-A19 (-A29, -A31, -A32, -A33) was done as a separate step, as
required.

This method was used to identify the HLA-A locus geno-
type of a panel of 30 colorectal tumor cell lines. This panel
included three pairs of cells (COLO 201 and COLO 206,
DLD-1 and HCT 15, and HT29 and WIDR) that were derived
from the same individuals. Representative typings of three
colorectal cell lines are shown in Fig. 1, and a list of the
HLA-A locus specificities of all the cell lines is given in Table

Table 2. HLA-A locus-specific primer combinations
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Fic. 1. HLA-A locus PCR typings of colorectal tumor cell lines
LS 174T, HCT 15, and SW 1222. Individual photographs represent
negative control (lane a) and HLA-A locus-specific reactions for
HLA-AI -A2, -A3, -A9, -Al0, -All, -A28, -A19 (except -A30) and
-A30 (lanes b—j, respectively). Numbers at left indicate bp.

3. Eleven of the colorectal cell lines from 27 individuals
showed a single HLA-A locus specificity. This incidence is
higher than predicted for homozygosity of HLA-A locus
alleles in the general population. A comparison with the
number of homozygotes seen in a random population (13 of
91) gives a y2 for the significance of the difference of 7.4. The
difference between the expected frequency of homozygosity
among the tumor cell lines and that observed gives an
estimated frequency of allele loss of 30%. Patient-matched
Epstein-Barr virus-transformed lymphoblastoid B-cell lines
were available for three of the colorectal cell lines. A com-
parison of the PCR typings of the matched colorectal tumors
and B-cell lines is shown in Fig. 2. For colorectal tumor cell
lines HCA-7 and HCA-46, the HLA-A locus genotype cor-
responded with that of the relevant matched B-cell line
EVA-1224 and IRM-1223, respectively. The tumor cell line
LS 411, however, consistently typed as HLA-A2 only,
whereas the corresponding B-cell line RN typed as HLA-A2,
-All. The cell line HCA-7, which typed as HLA-Al, -A2 by
PCR, has been described as failing selectively to express

HLA-A locus Coding Noncoding Specificity of coding Specificity of noncoding Band size,
specificity primer primer primer primer bp
Al AL#2 AL#A Al A26 A29 Al 510
A2 AL#3 AL#H A2 A9 A2 A28 457
A3 AL#6 AL#D All A3 A28 A29 A30 A3 547
A9 AL#S5 AL#H A9 HLA-G A9 A2 A28 631
AlO AL#7 AL#C HLA-A except A202 A205 Al0 497
A25 AL#11 AL#C A25 A32 multi HLA-B A25 A26 398
A26 AL#2 AL#C Al A26 A29 A25 A26 397
All AL#6 AL#I All A3 A28 A29 A30 Al A11 518
A28 AL#6 AL#H All A3 A28 A29 A30 A9 A2 A28 445
Al9* AL#7 AL#F HLA-A except A202 A205 A29 A31 A32 A33 520
A29 AL#2 AL#F Al A26 A29 A29 A31 A32 A33 420
A30 AL#6 AL#K All A3 A28 A29 A30 A30 518
A3l AL#10 AL#F A30 A31 A29 A31 A32 A33 480
A32 AL#15 AL#F A9 A25 A32 multi HLA-B A29 A31 A32 A33 402
A33 AL#4 AL#F A28 A10 A33 HLA-H A29 A31 A32 A33 461

Boldface letters indicate matching specificities of coding and noncoding primers.

*Recognizes all HLA-A19 specificities except -A30.
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Table 3. Comparison of HLA-A locus genotype and surface
expression of HLA on colorectal tumor cell lines

HLA-A ELISA, units
locus

Cell line PCR typing W6/32 L368 BB7.2  Ref.
C10 A2, — 769 3117 316
C32 A9, A10(26) 958 3571 36
C70 A28, A30 1710 4000 73
C75 Al, All 1813 4000 59
C80 A3, - 1588 4000 95
C84 A2, A3 ND ND ND
CCo7 A2, — 3700 4000 1685 24
CC20 Al, — 2714 4000 121 25
COLO 201* Al, A2 4000 4000 1142 26
COLO 206* Al, A2 3521 4000 537 26
DLD-1* A2, A9 75 92 111 27
HCA 7 Al, A2 4000 4000 2115 28
HCA 46 Al, A19(32) 2508 4000 90 28
HCT 15* A2, A9 0 0 31 27
HT 29* Al, A9 3389 4000 24 29
JW A2, — 1506 4000 1006 30
LIM 1863 A3, All 1134 3004 95 31
LoVo Al, A19(32) ND ND# ND 9
LS 174T A2, A30 670 4000 76 32
LS 411 A2, — 1155 4000 88 33
LS 1034 A2, A10(26) 4000 4000 964 33
SW 48 A9, — 141 184 174 34
SW 403 A2, A3 2926 4000 369 34
SW 837 —, A19(32) 4000 4000 176 34
SW 1222 Al, — 1312 4000 96 34
SW 1417 A3, — 4000 4000 105 34
T84 A2, A9 3813 4000 735 35
Vaco 4A Al, A3 986 2564 183 18
Vaco 5 Al, — 1601 4000 144 18
WiDr* Al, A9 2184 4000 167 36

ND, not done.

*Cell lines COLO 201 and COLO 206, HT29 and WiDr, and DLD-1
and HCT 18, respectively, are paired cell lines derived from the
same individuals.

TELISA units are expressed on a scale from 0 to 4000. An ELISA
reading of <300 correlated with negative staining on flow cytome-
try.

#These data have been reported as B,m deficient (9, 37).

HLA-A1 (15). The PCR confirmed the presence of the
HLA-AI gene in this cell line, indicating that the loss of
expression of HLA-A1 is by a mechanism other than gene
loss.

Comparison of HLA-A Locus Genotype and Surface Expres-
sion of HLA. HLA expression on the colorectal tumor cell
lines was determined by ELISA using mAbs W6/32, L368,
and BB7.2 and was confirmed on selected cell lines by flow
cytometry. Details of the expression of HLA class I, 8,m and
HLA-A2 are given in Table 3. Three cell lines (DLD-1, HCT
15, and SW48) showed lack of expression of HLA class I,
associated with low or undetectable expression of B,m.
Absence of staining with mAb W6/32 was confirmed by flow
cytometry (data not shown). The data suggest that the loss of
HLA expression in these cell lines was due to failure to
express B,m. This result is supported by the report that the
cell line HCT 15 has mutations in both 8,m genes, resulting
in its failure to express an intact 8,m gene product (38). The
cell lines HCT 15 and DLD-1 were derived from the same
patient and share the phenotype of lack of HLA expression
and absent staining for 8,m. In two other cell lines (LS 174T
and LS 411), mAb W6/32 staining was positive by ELISA,
but mAb BB7.2 (HLA-A2) staining was absent in spite of
positive reactions for the HLA-A2 gene by PCR (Figs. 1 and
2). Flow cytometric analysis confirmed the lack of surface
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FiG. 2. HLA-A locus PCR typings of colorectal tumor cell lines
HCA 7, HCA 46, and LS 411 and patient-matched lymphoblastoid
B-cell lines EVA 1224, IRM 1223, and RN, respectively. Individual
photographs represent negative control (lane a) and HLA-A locus-
specific reactions for HLA-Al, -A2, -A3, -A9, -A10, -All, -A28, -A19
(except -A30), and -A30 (lanes b—j, respectively). Numbers at left
indicate bp.

expression of HLA-A2 (data not shown). This finding sug-
gests a selective loss of expression of the HLA-A2 gene
products in these cell lines.

DISCUSSION

We have devised a method for typing the HLA-A locus by
PCR from genomic DNA and have used it to compare the
HLA genotype with HLA expression on a panel of colorectal
tumor cell lines. DNA-based methods have not previously
been available for tissue typing an HLA class I gene locus.
The use of combinations of HLA class I sequence-specific
primers, designed along the principle of the amplification
refractory mutation system (16), permits the HLA-A locus-
specific amplification of genomic DNA by PCR (17). The
method is capable of distinguishing HLA alleles based on a
single nucleotide difference. This degree of sensitivity may
have important implications for tissue typing for transplan-
tation, as serological typing for class I fails to identify all
allelic variants of HLA specificities.

We have used the technique to identify abnormalities of
HLA expression in a panel of colorectal tumor cell lines.
Loss of HLA expression has been described on a wide range
of tumor types (9-13), but analysis of the underlying mech-
anism has been limited. The high incidence of single HLA-A
locus specificities observed in our study suggests that gene
loss may be a common mechanism for loss of HLA expres-
sion on tumor cells. The loss of the HLA-A11 gene in cell line
LS 411, as compared with its B-cell partner cell line RN,
supports this theory. Although we cannot rule out that
mutations at a site of PCR primer binding may underlie the
phenomenon, the most likely explanation is the loss of HLA
genes secondary to chromosome loss (nondisjunction) or
somatic recombination (39). A similar phenomenon appears
to have occurred in the cell line HeLa, which has been typed
as HLA-A3, -A28 by family studies (40) and somatic cell
hybridization. HLA-A locus-specific PCR analysis of this cell
line and its derivative D98, consistently gave the HLA-A
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locus genotype as HLA-A28 only, suggesting the loss of the
HLA-A3 gene. The same phenomenon probably also explains
some of the combined -A and -B locus losses described (15).

The selective loss of expression of individual HLA mole-
cules on tumor cells has been described (13, 41). In this study
we have identified two cell lines (LS 174T and LS 411), in
which loss of expression of HLA-A2 has occurred. LS 411
has, therefore, two genetic changes with respect to HLA-A
locus expression because it has also lost -A//. In addition,
loss of expression of HLA-A1 on the cell line HCA-7 has been
described (15). Preliminary investigation by PCR has shown
the presence of mMRNA for HLA-A1 and HLA-A2 in cell lines
HCA-7 and LS 174T, respectively, indicating that the failure
of expression is by a mechanism other than transcriptional
regulation of the gene.

The complete loss of HLA expression, resulting from
failure to express B,m, was identified in colorectal tumor cell
lines derived from two individuals and has been described (9)
on one other cell line (LoVo) in this study. Our HLA-A-locus
PCR-typing method has allowed us to define the HLA gen-
otype of these cells, in spite of the absence of expression of
any HLA molecules. We have also used the technique to
confirm the HLA-A locus genotype (HLA-Al, -A10) of the
Burkitt lymphoma-derived cell line Daudi, the prototypic
example of B,m loss in a tumor cell line (37).

It has been argued that loss of HL A expression on a tumor
cell represents a means of evasion of the immune response by
the tumor, with consequent immunoselection of the mutant
cell (14, 15). Molecular analysis of the mechanisms of HLA
loss on these tumor cell lines may give insights into the extent
to which this might occur. In addition, as prospects for
T-cell-based immunotherapy against cancer improve, the
failure of a tumor to express particular HLA molecule(s) may
prove an important barrier to the successful eradication of
tumor cells by immunological means (42).

We are grateful to Prof. Andrew McMichael for critical review of
the manuscript. We also thank Mr. Ian Goldsmith for synthesis of the
oligonucleotides.

1. Townsend, A., Ohlen, C., Bastin, J., Ljunggren, H.-G., Foster,
L. & Karre, K. (1989) Nature (London) 340, 443-448.

2. Townsend, A. R. M., Rothbard, J., Gotch, F. M., Bahadur,
B., Wraith, D. & McMichael, A. J. (1986) Cell 44, 959-968.

3. Rotzschke, O., Falk, K., Deres, K., Schild, H., Norda, M.,
Metzger, J., Jung, G. & Rammensee, H.-G. (1990) Nature
(London) 348, 252-254.

4. Taylor, P. M. & Askonas, B. A. (1986) Immunology 58, 417-
420.

5. Harty, J. T. & Bevan, M. J. (1992) J. Exp. Med. 175, 1531-
1538.

6. Van Pel, A., Vessiere, F. & Boon, T. (1983) J. Exp. Med. 157,
1992-2001.

7. Herin, M., Lemoine, C., Weynants, P., Vessiere, F., van Pel,
A., Knuth, A., Devos, R. & Boon, T. (1987) Int. J. Cancer 39,
390-396.

8. Bradley, J. A., Mason, D. W. & Morris, P. J. (1985) Trans-
plantation (Baltimore) 39, 169-175.

9. Brodsky, F. M., Parham, P., Barnstable, C. J., Crumpton,
M. J. & Bodmer, W. F. (1979) Immunol. Rev. 47, 3-61.

10. Fleming, K. A., McMichael, A., Morton, J. A., Woods, J. &
McGee, J. O’D. (1981) J. Clin. Pathol. 34, 779-784.

11. Kabawat, S., Bast,R. J., Welch, W. R., Knapp, R. C. & Bhan,
A. K. (1983) Int. J. Cancer 32, 547-555.

12. Doyle, A., Martin, J., Funa, K., Gazdar, A., Carney, D.,

13.

14.
15.

16.

17.
18.
19.

20.
21.

22.
23.

24,
25.

26.
27.

29.
30.
31.
32.
33.

3s.
36.

37.
38.
39.

41.
42.

Proc. Natl. Acad. Sci. USA 90 (1993) 2845

Martin, S. E., Linniola, I., Cuttitta, F., Mulshine, J., Bunn, P.
& Minna, J. (1985) J. Exp. Med. 161, 1135-1151.

Smith, M. E. F., Marsh, S. G. E., Bodmer, J. G., Gelsthorpe,
K. & Bodmer, W. F. (1989) Proc. Natl. Acad. Sci. USA 86,
5557-5561.

Bodmer, W. F. (1987) J. Clin. Pathol. 40, 948-958.

Smith, M. E., Bodmer, J. G., Kelly, A. P., Trowsdale, J.,
Kirkland, S. C. & Bodmer, W. F. (1989) Cold Spring Harbor
Symp. Quant. Biol. 54, 581-586.

Newton, C. R., Graham, A., Heptinstall, L. E., Powell, S. J.,
Summers, C., Kalsheker, N., Smith, J. C. & Markham, A. F.
(1989) Nucleic Acids Res. 17, 2503-2516.

Krausa, P., Moses, J., Bodmer, W., Bodmer, J. & Browning,
M. (1993) Lancet 341, 121-122.

McBain, J. A., Weese, J. L., Meisner, L. F., Wolberg, W. H.
& Willson, J. K. V. (1984) Cancer Res. 44, 5813-5821.
Strauss, W. M. (1990) in Current Protocols in Molecular Biol-
ogy, eds. Ausubel, F. M., Brent, R., Kingston, R. E., Moore,
D. D., Seidman, J. G., Smith, J.A. & Struhl, K. (Wiley, New
York), Vol. 1, pp. 2.2.1-2.2.3.

Zemmour, J. & Parham, P. (1991) Tissue Antigens 37, 174-180.
Barnstable, C. J., Bodmer, W. F., Brown, G., Galfre, G.,
Milstein, C., Williams, A. F. & Ziegler, A. (1978) Cell 14, 9-20.
Lampson, L. A., Fisher, C. A. & Whelan, J. P. (1983) J.
Immunol. 130, 2471-2478.

Durbin, H. & Bodmer, W. F. (1987) J. Immunol. Methods 97,
19-27.

Katagiri, M. (1987) Jpn. Assoc. Tissue Culture 6, 103-104.
Greenhalgh, D. A. & Kinsella, A. R. (1989) Carcinogenesis 6,
1533-1535.

Semple, T. U., Quinn, L. A., Woods, L. K. & Moore, G. E.
(1978) Cancer Res. 38, 1345-1355.

Dexter, D. J., Barbosa, J. A. & Calabrisi, P. (1979) Cancer
Res. 39, 1020-1025.

Kirkland, S. C. & Bailey, I. G. (1986) Br. J. Cancer 53,
779-785.

Fogh, J. & Trempe, G. (1975) in Human Tumor Cells in Vitro,
ed. Fogh, J. (Plenum, New York), pp. 115-141.

Paraskeva, C., Buckle, B. G., Sheer, D. & Wigley, C. B. (1984)
Int. J. Cancer 34, 49-56.

Whitehead, R. H., Jones, J. K., Gabriel, A. & Lukies, R. E.
(1987) Cancer Res. 47, 2683-2689.

Baldwin, T. H., Rutzky, L. P., Jakstys, M. M., Oyasu, R.,
Kaye, C. I. & Kahan, B. D. (1976) In Vitro 12, 180-191.
Suardet, L., Guade, A. C., Calmes, J. M., Sordat, B., Givel,
J. C., Eliason, J. F. & Odarlchenko, N. (1992) Cancer Res. 52,
3705-3712.

Liebovitz, A., Stuison, J. C., McCombs, W. B., McCoy,
C. E., Mazur, K. C. & Mabry, N. D. (1976) Cancer Res. 36,
4562-4569.

Murakami, H. & Masui, H. (1980) Proc. Natl. Acad. Sci. USA
77, 3464-3468.

Noguchi, P., Wallace, R., Johnson, J., Earley, E. M., O’Brien,
S., Ferrone, S., Pellegrino, M. A., Milstein, J., Needy, C.,
Browne, W. & Pelricciani, J. (1979) In Vitro 15, 401-408.
Arce-Gomez, B., Jones, E. A., Barnstable, C. J., Solomon, E.
& Bodmer, W. F. (1978) Tissue Antigens 11, 96-112.
Gattoni-Celli, S., Kirsch, K., Timpane, R. & Isselbacher, K. J.
(1992) Cancer Res. 52, 1201-1204.

Solomon, E., Voss, R., Hall, R., Bodmer, W. F., Jass, J. R.,
Jeffreys, A. J., Lucibello, F. C., Patel, I. & Rider, S. H. (1987)
Nature (London) 328, 616-619.

Hsu, S. H., Schachter, B. Z., Delaney, N. L., Miller, T. B.,
McKausick, V. A., Kennett, R. H., Bodmer, J. G., Young, D.
& Bodmer, W. F. (1976) Science 191, 392-39%4.

Wang, P., Vanky, F., Li, S.-L., Vegh, Z., Persson, U. & Klein,
E. (1991) Int. J. Cancer (Suppl.) 6, 106-116.

Browning, M. J. & Bodmer, W. F. (1992) Curr. Opin. Immu-
nol. 4, 613-618.



