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ABSTRACT The technique of single-strand conformation
polymorphism (SSCP) was used to screen a series of 37
established colorectal cell lines, 22 fresh tumor samples, and 22
normal DNA samples for mutations in the P2-microglobulin
gene. Exon 1 (including the leader peptide sequence) and exon
2 were screened separately. Six of 37 colorectal cell lines and 1
of 22 fresh tumors were shown to contain mutations, whereas
no mutations were detected in the normal DNA samples.
Sequencing of these mutations showed that an 8-bp CT repeat
in the leader peptide sequence was particularly variable, since
3 of the cell lines and one fresh tumor sample have deletions in
this region. In the related cell lines, DLD-1 and HCT-15, two
similar mutations were identified, a C -- A substitution in
codon 10 and a G -->T mutation in the splice sequence of intron
1. Expression of P2-microglobulin was examined using a series
of monoclonal antibodies in an ELISA system. Reduced ex-
pression correlated with a mutation in one allele of 13-
microglobulin, whereas loss of expression was seen in instances
where a line was homozygous for a mutation or heterozygous
for two mutations.

The. HLA class I molecules are composed of two nonco-
valently associated glycoproteins. The larger 44-kDa heavy
chain is the product of the HLA-A, -B, and -C genes on
chromosome 6, and the smaller 12-kDa chain is the product
of the f2-microglobulin (A32M) gene on chromosome 15. A
complex ofthese two glycoproteins with peptide formed from
degraded endogenous proteins is expressed at the cell surface
to enable the peptide to be presented to specific receptors on
the surface of cytotoxic T cells (1). Several studies have
shown that some tumors lack cell surface expression ofHLA
class I molecules and so indicate that this is one mechanism
by which tumor cells escape immune recognition by cyto-
toxic T cells. Loss of HLA heavy chain surface expression
has been demonstrated by immunohistochemical studies in
colorectal adenocarcinomas (2, 3). In addition, these and
other studies (4) have shown loss ofreactivity with antibodies
that recognize f2M. Lack of HLA class I expression can be
explained by specific mutations of the f2M gene, as in the
case of a G -* C point mutation in the initiator ATG sequence
in the Burkitt lymphoma cell line, Daudi (5); a double deletion
in the 5' flanking region and a segment of intron 1 in the
melanoma cell line FO-1 (6); and a C -* A point mutation in
codon 10 and an 11-bp deletion at the beginning of exon 2 in
a clone from the colorectal cell line HCT-15 (7).
The purpose of this study was to screen a large series of

established colorectal cell lines, fresh colorectal tumors, and
normal DNA samples for 2M mutations and, where changes
are indicated, to sequence these to identify the mutations
involved. The expression of 2M was also examined by
ELISA and compared with the data on 2M mutations.

MATERIALS AND METHODS
Cell Lines and DNA Extraction. Most of the colorectal cell

lines have been documented (8). Others reported elsewhere
include HCT-116 (9), COLO 320DM (10), SW620 and SW480
(11), VACO4S and VACOlOMS (12), and HRA19 (13). Cell
lines used for control purposes were the Burkitt lymphoma
Daudi (14) and the noinal Epstein-Barr virus-transformed
B-cell line Bristol-8 (Searle). Twenty-two normal DNA sam-
ples were used from the 4AOH series of cell lines (15).
Biopsies of fresh colorectal tumors were obtained at the time
of surgery, snap-frozen in liquid nitrogen, and cryopreserved
until DNA was extracted. DNA extraction was performed
either by Nucleon II kit extraction (Scotlab, Coatbridge,
Scotland) or by using an Applied Biosystems model 340A
nucleic acid extractor.
PCR. PCR was performed in 50A containing all four NTPs

(each at 200 p;M), 0.2 pM of the appropriate primer combi-
nation as shown in Fig. 1, 1 unit ofAmpliTaq (Perkin-Elmer/
Cetus), and either buffer A or buffer B (primers 32892 and
32894 with buffer A for leader peptide sequence/exon 1 and
primers 31555 and 31557 with buffer B for exon 2). Buffer A
contained 50 mM potassium chloride, 10 mM Tris HCl (pH
8.3), 1.5 mM magnesium chloride, and 0.25% Nonidet P40.
Buffer B contained 10 mM Tris HCl (pH 8.3), 50 mM potas-
sium chloride, 3 mM magnesium chloride, and 0.01% Triton
X-100. The mixtures were over-layered with light mineral oil
and amplified for 30 cycles in a thermal cycler (Hybaid,
Teddington, U.K.) as follows: for primer combination 32892/
32894, 920C (30 sec), 680C (30 sec), and 700C (2 min); and for
primer combination 31555/31557, 920C (30 sec), 600C (30
sec), and 720C (2 min).

Individual PCR products were labeled with 32P as de-
scribed (17). Briefly, 1-P1 aliquots of PCR products were
added to 25 pA of fresh PCR reaction mixture containing the
appropriate buffer and primer pairs. Additionally, 50 I.Ci of
[a-32P]dCTP (specific activity, 3000 Ci/mmol; 1 Ci = 37 GBq;
Amersham) were added. PCR amplification was then per-
formed for 10 cycles, under the conditions described above,
for each primer combination.

Sigle-Stranded Conformation Polymorphim (SSCP) Anal-
ysis. One-microliter samples of 32P-labeled PCR products
were added to 10 p.l ofSSCP loading buffer containing 15 mM
EDTA, 0.05% SDS, and 50% (vol/vol) formamide. Samples
were then denatured at 950C for 5 min and super-cooled.
Seven microliters was loaded on to a 50-cm-long nondena-
turing SSCP gel as described (18). Analysis of the leader
peptide sequence/exon 1 product was achieved on an 8%
polyacrylamide gel containing 17.5% (vol/vol) glycerol and
lx TBE buffer (20) electrophoresed at 450 V at room

temperature for 24 h. For exon 2 PCR products, a 5%
polyacrylamide gel containing 10o glycerol electrophoresed
at 400 V for 20 h at room temperature was used. After

Abbreviations: P2M, 32-microglobulin; SSCP, single-strand confor-
mation polymorphism.
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===================ctgcgggccttgtc

32892

m s r s v a

32894
TTAGCTGTGCTCGCGCTA.CTCTCTCTTTCTGGCCTGGAGGCTATCCAGCgtgagtctctcctaccctcccgctctggtccttctctccctcgctgtgctc
1 a v i al i sl g l e a I Q

31555
===gap of approx 3750 bp===aagtgaaataccctggcaatattaatgtgtcttttcccgatattcctcagGTACTCCAAAGATTCAGGTTTAC

R T P K I Q V Y

TCACGTCATCCAGCAGAGAATGGAAAGTCAAATTTCCTGAATTGCTATGTGTCTGGGTTTCATCCATCCGACATTGAAGTTGACTTACTGAAGAATGGAG
S R H P A E N G K S N F L N C Y V S G F H P S D I E V D L L K N G

AGAGAATTGAAAAAGTGGAGCATTCAGACTTGTCTTTCAGCAAGGACTGGTCTTTCTATCTCTTGTACTACACTGAATTCACCCCCACTGAAAAAGATGA

E R I E K V E H S D L S F S K D W S F Y L L Y Y T E F T P T E K D E

31557
GTATGCCTGCCGTGTGAACCATGTGACTTTGTCACAGCCCAAGATAGTTAAGTGGGgtaagtcttacattcttttgtaagLtgKtgaaagttgtgtatga

Y A C R V N H V T L S Q P K I V K W

============gap of approx 550 bp==========-.---=-=ttctccactgtctttttcatagATCGAGACATGTAAgcagcatc======
D R D M *

FIG. 1. P2M genomic sequence. The locations of the primers used for PCR are indicated by lines above the sequence. Uppercase type is
translated sequence. Lowercase type is untranslated sequence. The corresponding amino acids are shown below the nucleotide sequence. Data
are taken from a published nucleotide sequence (16).

electrophoresis, the gels were dried and bands were located
by autoradiography.
DNA Sequencing. DNA sequencing of PCR products was

performed using the direct solid-phase sequencing system
(19). Briefly, a PCR product for P2M leader peptide se-
quence/exon 1 was amplified as described above with the
biotinylated 3' primer 32894. The PCR products were purified
on a 2% low-melting-point agarose gel using TAE buffer (20)
and visualized on a UV transilluminator. After removing the
appropriate band, the DNA was recovered using a Mermaid
kit (Bio 101) according to the manufacturer's protocol. Sin-
gle-stranded DNA was then isolated using streptavidin-
coupled Dynabeads M280 (Dynal, Oslo) as described (19).
Single-stranded sequencing was performed using a Seque-
nase 2 kit (United States Biochemical) with the 5' primer
32892 to prime the sequencing reaction. On completion ofthe
reaction, the samples were heated to 85°C for 5 min then
super-cooled. The immobilized template DNA was removed
using a magnet (Dynal) and samples were electrophoresed on
a standard 6% denaturing polyacrylamide gel, followed by gel
drying. and autoradiography. Sequencing in the opposite
direction was achieved by using biotinylated 32892 primer in
the PCR and the nonbiotinylated primer 32894 to prime the
sequencing reaction, P2M exon 2 was sequenced in a similar
way using the appropriate combination of primers (see Fig.
1). The DNA was in this case, however, recovered from
agarose gel purification using a Geneclean II kit (Bio 101).

f2M ELISA. A (-galactosidase/anti-galactosidase ELISA
method was used in this study (21). Monoclonal antibodies
used were W6/32 (HLA class I-P2M complex) (22), L368
(P2M) (23), and BBM.1 (P2M) (24).

RESULTS
Screening the A2M Gene by SSCP. DNA was extracted from

37 established colorectal cell lines, 22 fresh tumor samples,
and 22 normal controls and examined for mutations in the
leader peptide sequence/exon 1 and exon 2 of the P2M gene.
Exons 1 and 2 were analyzed separately; PCR products were
produced using the series of oligonucleotides and conditions
described. Samples of these PCR products were labeled with
32p then analyzed by the SSCP technique. One ofthe 22 fresh
tumor samples examined by SSCP showed a bandshift in the
leader peptide sequence/exon 1 PCR product (Fig. 2, sample
10). A band shift was also seen in the Burkitt lymphoma cell
line, Daudi (Fig. 2, sample 2), which was used as a positive
control. Daudi has been reported to have a G -+ C mutation
in the initiator ATG sequence of the leader peptide (5). The
37 established cell lines examined were HCT-116, COLO
320DM, SW620, SW480, SW837, SW1222, SW48, DLD-1,
T84, SW1417, CC20, HT-29, WiDr, HCT-15, CCO7, COLO
201, COLO 206, HCA46, HCA7, VACO4A, VACO10MS,
HRA19, LS 174T, LS 411, LS 1034, LIM1863, SW403,
LoVo, C10, C32, C70, C75, C80, C84, VACO5, VACO4S,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

4 u.... m
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FIG. 2. Autoradiograph of SSCP analysis of AM leader peptide sequence/exon 1 PCR products from a series of fresh colorectal tumor
samples. The products were amplified using the primers 32892 and 32894 (see Fig. 1) and labeled with 32p. Samples were denatured and
electrophoresed on a nondenaturing 8% polyacrylamide gel containing 17.5% glycerol. Lanes: 1, Bristol-8 (normal B cell line) wild-type control;
2, Daudi (Burkitt lymphoma cell line) containing a known mutation at the initiator ATG sequence; 3-24, a series of 22 fresh colorectal tumor
samples.
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Table 1. Mutations of P2M identified by sequencing
Homozygous/ Stop codon

Cell line Exon heterozygous Mutation location

LoVo Leader sequence Homozygous CT deletion, codons 13-15* Codon 36
HRA19 Leader sequence Heterozygous TCTT deletion, codons 14 and 15* Codon 23
Sample 10 Leader sequence ND CT deletion, codons 13-15* Codon 36

(fresh tumor)
SW48 Leader sequence Heterozygous CTCT deletion, codons 13-15* Codon 23

2 Heterozygous Deletion, codon 47 Codon 82
C84 2 Heterozygous G A, codon 32 Asp -s Asn
HCT-15/DLD-1 2 Heterozygous C A, codon 10 Mutation in codon 10

2 Heterozygous G T, last base in intron 1 No stop codon
Daudi Leader sequence Homozygous G C, initiation codon (ATG) Met -. Ile

In the mutation column, * represent codons in the leader sequence. ND, not determined.

and JW. Three ofthese cell lines, (LoVo, HRA19, and SW48)
demonstrated band shifts in their' leader peptide sequence/
exon 1 PCR product. All the 22 normal DNA samples had
wild-type band patterns indicating, as expected, that no
mutations were present.
SSCP analysis of exon 2 revealed band shifts in the cell

lines SW48, DLD-1, HCT-15, and C84 (data not shown).
None of the fresh colorectal tumor samples and the normal
DNA samples demonstrated ainy differences from the wild-
type pattern.

Sequencing ofthe Sampls Positive by SSCP. All the samples
demonstrating a band shift by SSCP were directly sequenced
using PCR'products.
The overall results are summarized in Table 1. The cell line

LoVo is homozygous for a CT deletion in the leader peptide
sequence as shown in Fig. 3. SW48 and HRA19 show different
4-bp deletions (CTCT for SW48 and TCTT for HRA19) in the
same region of the leader peptide sequence. In addition, the
presence ofthe wild-type sequence at these positions indicates
that these cell lines are heterozygous for their respective
mutations. SW48 has an additional heterozygous deletion of
the adenosine in codon 47 in exon 2. Only one fresh colorectal
tumor sample, sample 10, demonstrated a mutation-namely,
aCT deletion in the leader peptide sequence in the same region
as the cell line LoVo. As a control, the Burkitt lymphoma cell
line, Daudi, was sequenced and shown to have a G -+ C
mutation in the initiation ATG of the leader peptide sequence
as reported elsewhere (5).

In exon 2, the colorectal cell line C84 has a heterozygous
G -. A point mutation in codon 32 (Table 1) changing an Asp
to an Asn. Both the cell lines HCT-15 and DLD-1, which are
derived from the same patient, demonstrate two mutations in
exon 2 as shown in Fig. 4. A point mutation (G -+ A) was

BRISTORL-8

found at the last base of intron 1 and a C -- A point mutation
in codon 10 changes a Tyr into a stop codon.
CompaSOn of 32M Mutations and Expression in Colorecal

Cell Lines. The colorectal cell lines that were demonstrated by
sequencing to have a mutant f2M gene were examined for
expression of 2M by ELISA using a panel of antibodies. The
cell lines SW48, HCT-15, and DLD-1 exhibit no reactivity with
W6/32, which recognizes the (AM-HLA-ABC complex, and
the absence of free (AM chains was confirmed in these cell
lines by the lack of reactivity with the antibodies L368 and
BBM.1 (Table 2). LoVo has previously been shown to be
deficient in (2M expression (25). HRA19 and C84 are both
heterozygous for single 2M mutations and show intermediate
levels of (2M expression with antibodies W6/32 and BBM.1.
However, the reactivity ofL368 to the cell line C84 appears to
be normal. The colorectal cell line HT-29, which has a normal
(2M gene, is included in Table 2 as a positive control.

DISCUSSION
We have screened a large panel of fresh colorectal tumor
samples and established colorectal cell lines for 2M changes,

C084 Hc, 15 DLD- -

..4

LoVo

G AI-T C A T C ' -

G A T C G A T C

FIG. 3. Autoradiograph from a sequencing gel of PM leader
peptide sequence/exon 1 PCR products. Samples were Bristol-8, a

normal B-cell line showing the wild-type sequence, and LoVo, a

colorectal cell line showing a homozygous CT deletion in the 8-bp CT
repeat sequence. The deletion is indicated by an arrow.

FIG. 4. Autoradiograph from a sequencing gel of(2M exon 2 PCR
products. Samples were C84, a colorectal cell line showing the
wild-type sequence in this region ofexon 2, HCT-15 and DLD-1, two
colorectal cell lines (derived from the same patient) that show the
same two heterozygous mutations. The upper arrow indicates the site
of a C -* A mutation and a G -* T mutation is indicated by the lower
arrow.
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Table 2. Comparison of P2M mutations and expression of 32M determined by ELISA

Mutation Homozygous/ ELISA
Cell line location heterozygous W6/32 L368 BBM.1

HT-29 None 3389 Over 2857
LoVo Leader sequence Homozygous D D D
HRA19 Leader sequence Heterozygous 923 2865 305
SW48 Leader sequence and exon 2 Both heterozygous 141 184 492
C84 Exon 2 Heterozygous 1588 Over 1795
HCT-15 Two mutations in exon 2 Both heterozygous 0 0 370
DLD-1 Two mutations in exon 2 Both heterozygous 75 92 234
Sample 10 Leader sequence ND Positive Moderately positive

(fresh tumor)

D, previously shown to be deficient for 132M (25); ND, not determined. Results for sample 10 are from immunohistochemical staining (L.
Kaklamanis, personal communication). Over (in the ELISA), positive value that exceeded instrument range.

initially by a quick screening technique using SSCP, followed
by sequencing those samples that indicated band shifts by
SSCP. We examined 22 fresh tumors and found 1 mutation
(4.5%) and examined 37 established cell lines that were
derived from 33 individuals (HCT-15/DLD-1, WiDr/HT-29,
COLO 201/COLO 206, SW480/SW620 are pairs of lines
derived from the same patients) and found 5 with mutations
(15.2%). We found no evidence of mutations by SSCP in 22
normal DNA samples. In a recent review of the SSCP
technique, it was claimed that in ideal conditions and using
DNA fragments of 9300 bp or smaller, an efficiency of
between 95 and 100%o should be achieved (26). In our system
most of the (2M gene was investigated. The first two codons
of P2M in exon 1, the leader peptide sequence, and the
sequence up to 6 bp upstream oftheTATA box were included
in the 179-bp PCR product, and the whole of exon 2 was
included in a 361-bp PCR product using intronic sequences
for PCR primers. These two sequence fragments, therefore,
include 96% of the translated codons of the mature P2M
molecule.
The mutations found in the leader peptide sequence/exon

1 179-bp PCR product all occurred in the same 8-bp CT
repeat sequence (codons 13-15 of the leader peptide se-
quence). In our study we found a total of seven samples
taken from six individuals (HCT-15 and DLD-1 are from the
same patient) with mutations in their P2M gene and four of
these mutations occurred as deletions in this 8-bp CT repeat
sequence. Although the number of mutations found in this
study is relatively small, this CT repeat region of the leader
peptide sequence seems to be frequently mutated in at least
one allele, resulting in a reduced expression of P2M. The
cell line LoVo is homozygous for a CT deletion in this
region and so has either lost the wild-type P2M bearing
chromosome by nondisjunction or become homozygous by
somatic recombination. This substantiates earlier evidence
that LoVo lacks expression of f2M (25). Fresh tumor
sample 10 is probably heterozygous for a similar CT dele-
tion (Table 1). As it is a fresh tumor sample, contamination
from normal material cannot be ruled out. However, the
immunohistochemical staining data (Table 2) suggest
that 32M is present in the tumor cells because they are
positive with W6/32, and relatively weaker staining with
BBM.1 indicates that the level of expression may well be
reduced.

All the deletions seen in the leader sequence cause stop
codons further down the sequence (see Table 1). However,
as these mutations occur in the leader sequence and result in
frame shifts, it is probable that no 32M is translated from
affected alleles.
The mutations seen in exon 2 are predominantly point

mutations. The C -) A mutation in codon 10 of the cell line
HCT-15 (Fig. 4) has been reported (7). The same mutation is
present in the DLD-1 cell line derived from the same patient.

In the same report (7), a clone of HCT-15 was shown to have
the first 11 bp of exon 2 deleted. Our data suggest that in the
lines ofHCT-15 and DLD-1 that we analyzed, there is a point
mutation (G -* T) at the last base in intron 1 (Fig. 4). This G
T mutation alters the GT and AG splice site, reported to

be crucial for splicing to occur (27), to GT and AT, respec-
tively.
The expression of (2M as determined by ELISA reflects

the events that have occurred at the gene level. Where there
is a single allele affected, the expression is reduced as seen
in C84 and HRA19. In the case of LoVo, which is homozy-
gous for a deletion in the leader sequence, theAM expression
is negative (25). Cell lines SW48, DLD-1, and HCT-15 have
two distinct mutational events and in these cases the AM
expression is also negative, which indicates that in each cell
line both alleles are affected.
These data provide the most direct evidence so far for the

effect of selection to escape T-cell immune response on f32M
expression. The frequency of the CT deletions in the leader
region is intriguing and suggests an interaction between
mutation and selection-namely, that it is the most frequent
mutation giving the requisite effect that is most likely to be
selected for and so widely expressed in a tumor.
The homozygosity of LoVo for a 32M mutation is inter-

esting in that it indicates the expected two-step process to
achieve absence of f32M expression-namely, first selection
for an inactivating mutation and then for loss of the re-
maining wild-type (2M allele. There must be some advan-
tage to the first step, due perhaps simply to reduced surface
expression of 32M and so HLA class I molecules, con-
nected with some increase in resistance to T-cell killing.
This heterozygous effect is seen more directly in C84 and
HRA19, which have single f2M mutations and reduced /2M
expression. It is intriguing that the cell lines LoVo, HCT-
15, and DLD-1 have recently been shown to have the
"4mutator" phenotype associated with a mutation in the
human MSH2 gene, which is the human homologue of the
Escherichia coli mutS mismatch recognition gene (28-31).
This property of the tumors would be expected to lead to
many mutations giving rise to abnormal gene products that
could be recognized by the T-cell immune system and so
lead to particularly strong selection for general escape from
immune response. This could account for the suggestive
indication of an association between selection for (M
mutations leading to loss ofHLA class I expression and the
mutator phenotype (31).
The sole function of the HLA-ABC and (2M molecules is

in the immune system, and so our data clearly substantiate
the role of immune response to colorectal tumors, at least, in
leading to selection for mutations that allow cancers to
escape from immune T-cell attack.
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