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Point mutations at the 12th codon of c-Ki-ras in pancreatic cancer from Japanese patients were
examined using the polymerase chain reaction, followed by cloning of the amplified gene fragments in
pTZ phagemid and nucleotide sequence determination. The frequency of the point mutations found in
the tumors was quite high (75%). The mutation most frequently detected was a G— A transition at the
second position of codon 12 (GGT—=GAT), but other types of mutations such as GGT—GTT and GGT
—CGT were also found, In one case, silent mutation of GGT to GGC was detected in addition to the
frequent mutation of GGT to GAT. These observations suggest that the 12th codon of pancreatic

¢-Ki-ras is highly mutatable,
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Point mutations of ras family genes (¢c-Ha-ras, c-Ki-ras
and N-ras) at either the 12th, 13th or 61st codon are the
oncogene activations most frequently found in a variety
of human cancers, and are believed to be relevant to
induction and/or progression of human cancers."™ We
previously showed that human pancreatic cancer con-
tains activated c-Ki-ras having a point mutation at the
12th codon (GGT—CGT; Gly—Arg).*® In addition it
was shown that activated c-Ki-ras and c-myc were
amplified in this particular pancreatic cancer.” Subse-
quently point mutation of ¢-Ki-ras at the 12th codon has
been found to be extraordinarily frequent im huwman
cancers of the exocrine pancreas; in 21 out of 22 cases,
such a point-mutated c-Ki-ras was detected.®’ This is very
unusual, since the frequency of point mutations of ras
family genes in human cancers is in general low; only
between 5 and 15% of tumors examined, except colon
cancer, acute myeloid leukemia and myelodysplastic syn-
drome.”"

One of our aims in analyzing c-Ki-ras activation in
human pancreatic cancer was to confirm Perucho and his
colleagues’ observation by examining whether the same
extent of point mutation of ¢c-Ki-ras is observed in pan-
creatic cancer in Japanese patients. Secondly, in contrast
to their report,® we attempted to determine precisely the
type of mutation at the 12th position of ¢-Ki-ras using the
polymerase chain reaction (PCR), followed by cloning
into pTZ phagemid and subsequent nucleotide sequence
determination.
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Paraffin-embedded tissue blocks were prepared from
surgical specimens of pancreatic cancers taken from pa-
tients who had undergone operations at the National
Cancer Center Hospital. Their age and sex and patholog-
ical data of the pancreatic cancers are given in Table 1.
DNA was extracted from the paraffin sections by the pro-
cedure described by Shibata et al'? Namely, two S ym
sections were cut out from the paraffin-embedded block.
One of them was stained with hematoxylin-eosin in order
to locate precisely the region of cancerous tissue by
microscopic examination. By comparing hematoxylin-
eosin-stained sections, the cancerous portion was cut
from another 5 ym section. The surface area of the tissue
was approximately 0.5 cm?. The tissue was deparaffinized
by treatment with xylene and precipitated by centrifuga-
tion. The tissue was then treated with 95% ethanol and
again precipitated by centrifugation. The tissue pellet
thus obtained was dried ir vecuo, and subjected to PCR.

Amplification of DNA corresponding to the 12th
codon of ¢-Ki-ras was performed by the PCR technique
developed by Saiki et al.'”’ The two oligonucleotides used
as primers for PCR are as follows: Fragment A,
TGGATCCGTGACATGTTCTAATATAGT and Frag-
ment B, TGAATTCAGAGAAACCTTTATCTGTAT.
These two primers, A and B, contained resiriction en-
donuclease cutting sites for BamHI and EcoRI, respec-
tively. Therefore, after amplification, the amplified DINA
was treated with BamHI and EcoRlI, and ligated to a pTZ
vector. Then, the amplified DNAs were cloned and



Table I.
of Their Cancer

Point Mutation of ¢-Ki-ras in Pancreatic Cancer

Age and Sex of 12 Patients with Pancreatic Cancer and Site of Origin and Pathologic Type

Patient No. Age (yr) Sex Lesicn Pathological type
1 66 M Head Tubular adenoca., moderately diff.
2 75 F Head-Tail Tubular adenoca., moderately diff,
3 63 F Body-Tail Tubular adencca., moderately diff.
4 59 M Body-Tail Papillotubular adenoca., well diff.
Lymph node Tubular adenoca., well diff.
5 38 F Head" Tubular adenoca., moderately diff.
6 71 F Head Tubular adenoca., poorly diff.
7 77 M Head Tubular adenoca., well diff.
8 58 F Seeding Adenoca.
9 75 F Head Tubular adenoca., moderately diff.
. Lymph node Tubular adenoca., poorly diff.
10 72 F Head Papillotubular adenoca., well diff.
11 61 M Head Papillotubular adenoca., well diff.
12 76 M Head Papillotubular adencca., well diff.
Table II. Type and Frequency of Point Mutation at the 12th Codon of ¢c-Ki-ras in Pancreatic Cancer

Cancerous tissue

Mutated clones/Total

Patient No. Total tissue arca > 100% clones examined (%) Type of mutation Remarks

1 40 2/11 (18) GGT—GTT (Gly—~Val)

2 50 2712 (17 GGT—CGT (Gly—Arg)

3 70 1710 (10) GGT—GTT (Gly—Val)

4a 60 0/14  (0)

4b 20 175 (20) GGT—GAT (Gly—Asp) lymph node metastasis
5 50 4719 (21) GGT—GAT (Gly—Asp)

6 30 0/17 (D)

7 20 0/10 (0

8 ND? 6/11 (55) GGT—GAT (Gly—Asp)

9a 80 18/28 (57) GGT—GAT (Gly—Asp)

# #” 1728 (&) GGT—CGT (Gly—Arg)

" ” 1728 (4) GGT—GGC (Gly—=Gly)

9b 80 4/7 (57 GGT—GAT (Gly—Asp) lymph node metastasis
10 40 13/17 (76) GGT—GAT (Gly—Asp)
11 60 16/16 (100) GGT—GAT (Gly—Asp)
12 30 8/13 (62) GGT—GAT (Gly—Asp)

In cases No. 4 and 9, the analysis was made by using two different specimens (a and b) from the same tumor. In case No.
8, fresh tissue was used for the analysis. Approximate ratio of cancerous tissue to total area of the specimen, which
contains normai fibroblasts, lymphocytes, plasma cells, pericytes of capillaries and endothelial cells of capillaries, was
determined by microscopic pathological examination of the hematoxylin-eosin-stained section made from one of the two

5 ym sections.
a) ND, not determined.

sequenced by the dideoxy chain termination method. By
adopting this procedure, point mutations of the ¢-Ki-ras
gene at the 12th codon can be clearly identified. In
addition, contrary to the oligonucleotide hybridization
method'® or the RNAase A mismatch cleavage method,”
mutations present in a small fraction of the gene can be
clearly detected by this procedure. In order to get data

which are more meaningful, in most cases we have
sequenced many clones derived from each specimen, as
shown in Table II. Figures 1 and 2 show typical examples
of sequencing gels in which the point mutations at the
12th codon are clearly seen. By analyzing 12 cases of
pancreatic cancer as summarized in Table I1, the follow-
ing results were obtained.
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Firstly, point mutations of c-Ki-ras at the 12th codon
were detected with high frequency in pancreatic cancer
of Japanese patients, in agreement with the report by
Almoguere et al.” Out of 12 cases, 9 cases were found to
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Fig. 1. Autoradiograms of sequencing gels showing the point
mutation in the region of the 12th codon of ¢-Ha-ras in human
pancreatic cancer. The sequence of the sense strand was deter-
mined. Case No. 8, GGT—GAT mutation; case No. 2; GGT —~
GTT mutation; case No. 3, GGT—=GTT mutation. The reac-
tion mixture (100 gl) for PCR contained 1 M each of the
primer, 200 ¢ M each of ANTPs, 10 mM Tris-HCI (pH 8.4), 2.5
mM MgCl,, 50 mM KCl, 0.1% gelatin and 1 zg of DNA or
tissue pellet. The mixture was incubated for 5 min at 98°C and
then subjected to 40 cycles of amplification with 2.5 units of
Taq polymerase (Perkin-Elmer-Cetus). Each cycle consisted of
an incubation of 1 min at 90°C, 2 min at 55°C and 2.5 min at
70°C. The reaction products were purified by 8% polyacryl-
amide gel electrophoresis. The purified amplified DNA frag-
ments were digested with BamHI and EcoRI, and ligated into a
pTZ vector as described previously.® The cloned DNAs were
sequenced with Sequenase™ using the dideoxy chain termina-
tion method.*"

have point mutations (75%). The point mutation most
often found is a G—A transition at the second position of
the 12th codon, resulting in alteration of glycine to
aspartic acid (5 cases). But, other types of mutation such
as GGT—GTT (Gly »Val) and GGT—>CGT (Gly >
Arg) were also found. It is interesting to note that the
ratio of the clones having the point mutation to those
without the mutation varied significantly with each pan-
creatic cancer (Table IT). For example, in case No. 11,
the point mutation (GGT—GAT) was found with 100%
frequency, whereas in case No. 3, the point mutation
(GGT »CGT) was found with about 10% frequency.
This variation does not seem to be due to the extent of
contamination of normal tissues in the cancer cells
analyzed, since in both cases the contamination was
found to be approximately the same (Table II). No
correlation was found between the type and extent of the
mutation and the pathological status of the cancers. The
result obtained with case No. 11 suggested that one allele
of c-Ki-ras is deleted, or that point-mutated c¢-Ki-ras is
extensively amplified. In case No. 4, the point mutation
was only found in cancer cells in lymph nodes
metastasized from the original pancreatic cancer. This
result together with the observation of the low frequency
of point mutations in some pancreatic cancers suggests
that the point mutation of c-Ki-ras at the 12th codon in
pancreatic cancer is not a causative event of pancreatic
cancer, but a later event.

Supposing that the activation of c-Ki-ras by point
mutation at the 12th codon is important for malignancy
or progression of human pancreatic cancer, a question
arises as to the situation in large portions of the cancer
cells in which the point mutation does not occur in
c-Ki-ras at the 12th codon. It is possible that pancreatic
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Fig. 2.

8

Sequencing autoradiograms of the complementary strand of the region of the 12th codon of

c-Ki-ras in case No. 9, showing three point mutations at codon 12. P-1, P-2 and P-3, primary

carcinoma; L; lymph node metastasis.

624



cancer in which only a small fraction of c¢-Ki-ras is
mutated at the 12th codon may have additional muta-
tions in ¢-Ki-ras or other ras family genes, thus making
the cells malignant. In fact, Hirai et al'” previously
reported that the human pancreatic cancer cell line
T3M-4 contained c-Ki-ras having a mutation at the 61st
codon.

It is believed that cancers are in general mixtures of
subclones derived from the original clone, although no
experimental evidence is available in the case of pancre-
atic cancer. Therefore, in order to clarify the relationship
between point mutational activation of c¢-Ki-ras and in-
duction and/or progression of pancreatic cancer, further
studies are needed to analyze the status of ¢-Ki-rgs in
many cancerous tissues separately localized in pancreas
cancer.

In case No. 9, additional mutations (GGT—CGT and
GGT—=GGC) were found, although the frequencies of
these mutations are Jow, Surprisingly, one of those muta-
tions was silent, i.e. it does not cause amino acid altera-
tion. Since such a silent mutation should not give any
growth advantage to cells containing it, this observation
suggested that the 12th codon of c-Ki-#as in the pancreas
is a “hot spot” where mutation occurs with high fre-
quency. It should be noted that the silent mutation
GGT-—->GGC has also been detected in portions of
normal pancreatic tissues of case No. 5 (1 out of 2
clones) and case No. 6 (1 out of 4 clones){unpublished
results). At present the possibility that modification of
DNA occurs during fixation of the tissue by formalde-
hyde, and that such modification causes the silent muta-
tion as an artifact is not completely excluded.

The results reported here are not consistent with the
previous report by Almoguera ef al,* who concluded that
the mutated c-Ki-ras gene is present in most of the
neoplastic cells and that c-Ki-rgs mutational activation is
an early event in carcinogenesis of the human pancreas.
The discrepancy with our results may be due to the
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