RAS Mutations in Preleukaemias
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Activated ras genes have been implicated
in a wide variety of neoplasms [2]. N-ras
in particular has been shown to be in-
volved in acute myelogenous leukaemia
(AML) with activating mutations
around codons 12/13 and 61 [3, 7]. The
myelodysplastic syndromes (MDS) are a
group of preleukaemias, a proportion of
which will develop AML. Hirai et al. [9]
described three MDS patients with N-ras
mutations in codon 13 and Liu et al. [12]
showed K-ras activations in two MDS
patients. In this study we have screened
DNA from peripheral blood or bone
marrow of 50 MDS patients for ras mu-
tations around codons 12/13 and 61 of
H, K and N-ras and around codon 117 of
N-ras. A mutation in position 117 of H-
ras has been reported to be an activating
mutation in vivo in chemically induced
murine liver tumours [15]. Mutations in
codons 116—119 of H-ras have been
shown to reduce the ability of the H-ras
p21 protein to bind and hydrolyse
guanosine triphosphate (GTP) and some
of these mutations are capable of activat-
ing the transforming potential of the nor-
mal gene [5, 20].

Using an amplification procedure
called polymerase chain reaction (PCR)
[16] and hybridisation with synthetic
oligonucleotide probes [7, 21], ras muta-
tions were detected in 20/50 (40%) MDS
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patients (Table 1). Fourteen N-ras muta-
tions were observed (ten in codons 12/13
and four in codon 61), six K-ras muta-
tions in codon 12 and two H-ras muta-
tions (one in codon 12 and one in codon
61). Two patients had mutations in two
different ras genes. This gives a total of
22 mutations from 50 individuals. De-
tails of the patients and substitutions ob-
served in these mutants have been report-
ed elsewhere [14]. To date no mutations
were observed with mutant-specific oli-
gonucleotide probes to position 117.

Independent confirmation of these re-
sults were obtained with DNA from 11
patients with detectable ras mutations by
using transformation assays (Table 2). A
tumorigenicity assay identified another
sideroblastic anaemia (RARS) patient
with an N-ras-activated gene (GD). As
this was not detected by the oligonucle-
otide screen, it is possible that the num-
ber of mutant ras-containing cells is very
low. Another chronic myelomonocytic
leukaemia (CMML) patient (RP86-
CMML) with an N13 Ala substitution
progressed approximately 1 year later to
AML (RP87-AML). The mutation in the
AML (RP87) stage was no longer detect-
able by PCR (Fig. 1 A). An N-ras clone
pAT 8.8 with normal sequences around
codon 12 [8] was used as a control. Other
controls include HM-CMML, another
N13 Ala-containing mutant and BM-
PASA (sideroblastic anaemia or RARS).
This observation was confirmed by di-
rectly hybridising the N13 Ala probe to
unamplified DNA and showing differen-
tial hybridisation (Fig. 1 B). Using a mini-
satellite probe 33.6 [10], the DNA finger-
prints confirmed that both samples were
derived from the same patient (Fig. 1C).



No. ras mutants/
No. samples

Table 1. ras muta-

Substitution tions in MDS

Controls 0/10
Myelodysplasia
RAS 2/13
RA 4/13
RAEB 3/8
CMML 11/16
Total 20/50 (40%)

1 x H61 Arg(A—»G)]
1 xN12Val(G->T)
1 xK12Asp(G—-A)

1 xN12 Asp(G—A)
1xN12Val(G-T)

1 x N61Leu(A—T)
1 xK12Asp(G—A)

1 xN12 Ala(C->QG)
1 xN12Asp(G—-A)
1xK12 Arg(G—-C)

1 x N12 Ala(G—C)
1 xN12 Asp(G—A)
3xN13Ala(G-C)
3x K12 Asp(G—>A)]
1 x H12Val(G-T)
3 x N61His(A—-C)

Square brackets indicate mutations of the two patients with double
mutations. RARS, refractory anaemia with ringed sideroblasts; RA,
refractory anaemia; RAEB, refractory anaemia with excess blasts;

CMML, chronic myelomonocytic leukaemia.

Both RP86-CMML and RP87-AML
registered in a transformation assay
(Table 2).

Several investigators have suggested
that there is a heterogeneity of leukaemic
cells with respect to the presence of an
activated ras gene and that in some pa-
tients only a fraction of the malignant
cells carry the mutant gene [18, 17, 7].
Similarly, heterogeneity in malignant
melanoma has been described [1] where
N-ras activation was detected in one out
of five cultured tumour cell lines estab-
lished from metastases of a melanoma
patient. One explanation of these results
is that mutations occur late, after a
preleukaemic clone has already emerged,
and give the premalignant clone an addi-
tional growth advantage. An alternative
explanation is that the ras mutation oc-
curs early in the preleukaemic process
and there is later evolution with the
emergence of a clone in which another

gene has been activated. Our observa-
tions of activated ras genes in 21
preleukaemic patients argue for the latter
explanation, though there is no evidence
that this is an initiating event in leukae-
mogenesis. The possible reduction of a
mutant ras gene with leukaemic transfor-
mation in one case also supports this ar-
gument. Similar observations have also
been described in AMLs [7]. The evi-
dence for such clonal evolution in leukae-
mogenesis is compelling [11, 6] and, in
many cases, this may be clearly seen in
serial karyotype studies [13, 19].

The incidence of ras mutations in the
different FAB groups do not differ from
those expected, with the exception of the
CMMLs with a higher than expected fre-
quency (P=0.02) (Table 3). To date, 8 of
the 21 patients with mutant ras genes
transformed to AML compared with 4 of
the 29 patients with no detectable ras mu-
tations. Out of the latter four, one of
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Table 2. Transfor-

Tumorigenicity assay mation assays

No. tumours Latency Transforming
No. sites (days) gene and
injected substitution
Controls
NIH3T3 2/30 33 -
EJ focus 16/16 21 Hal2 val
Myelodysplasia
RARS CN 8/8 38 N12 val+H-ras
GD 6/8 19 N-ras
PW 0/8 - —
ZG 0/8 - -
RA OB 8/8 21 N-ras
GB 6/6 10 N61 leu
RAEB KS 5/8 22 N12 ala
TB 3/8 22 N12 ala
JO 0/8 - -
CMML HM 3/8 36 N13 ala
RP 1986 3/8 24 N13 ala
DP 5/8 27 N-ras
HE 4/8 26 K-ras
HW 4/8 23 Non-ras
IN 0/8 - -
AT 0/8 - -
Acute myelogenous leukaemia
RP 1987 6/8 24 N-ras
Focus formation
Transformation frequency
Foci/ug DNA
(No. foci/No. flasks)
Controls
NIH3T3 0 (0/5)
EJ focus 0.2 (20.5) Ha12 val
Myelodysplasia
CMML FB 0.06 (6/5) N12 asp
CMML MB 0.04 (8/10) H12val
RA HW 0.017 (5/15) Non-ras

Twenty micrograms of DNA was transfected onto NIH3T3 cells which
were plated at a density of 3 x 10° 24 h earlier. Precipitates were left
overnight and media changed the next day. For tumorigenicity assays
1-2 pg PHSG272, a neomycin-resistance-containing cosmid [4], was
cotransfected with genomic DNAs. Three days after transfection, cells
were split into G418-containing media (800 pg/ml), resistant colonies
were selected and 10° cells/site were injected in both of the hind flanks
of athymic nude mice. Tumours with latency periods of less than 6 weeks
were scored and analysed. For focus formation assays media were
changed every 3 days in 5% serum. Foci were scored 3 weeks after
transfection. One hundred micrograms of DNA of each sample was
used per experiment and three to four mice were injected.

252



s — pAT8.8 HT1080 — oo 1
— HM-CMML - o & oAty N
— RP86-CMML - S X gy &
— RP87-AML = LA
— — BM-PASA o Kb
23.1— .
N12WT N13Ala o~ &
6.6 - L
44— =
& -
S & dg?‘%ﬁ
Qé: Qé\ ’04( <7 S
& R -
B 1 | | ' | 23
20—
1Kb -
N-13Ala

Fig. 1 A-C. Presence of N13 mutations in CMML and absence of mutation in AML. Amplified
DNA was slot blotted and hybridised with N12/13 wild-type or N13 ala probes (A). Ten
nanograms of cloned N-ras pAT 8.8 HT1080 [8] was used as a control. Pvull-digested DNA was
electrophoresed and dried gels were hybridised to the N13 ala probe (B). HinfI-digested DNA
was electrophoresed, transferred and filters hybridised to the minisatellite probe 33.6 [10] (C)

Table 3. Frequency of normal and mutant genes in RARS, RA, RAEB and CMML

RARS RA RAEB CMML Total
Normal 10 (7.5) 9 (7.5) 5 (4.6) 5(9.3) 29
Abnormal 3(5.9) 4 (5.5) 334 11 (6.7) 21

13 13 8 16 50

Figures in brackets are the frequencies that would be expected if the prevalence of mutant genes
was the same in each group, and equal to the overall rate of 21/50=42%. A comparison of these
expected frequencies with those actually observed by the exact test indicates that there are more
CMML patients with mutant genes than would be expected (x*=5.39, P=0.02).

these patients (H.W.) had a detectable
transforming gene which is not an acti-
vated ras gene (Table 2, RA-HW and
CMML-HW). Transformants for both
the refractory anaemia (RA) and CMML
stages were anchorage independent and
tumorigeneic in nude mice. DNA from
the three non-mutated patients which

progressed to AML have been found to
be negative when tested in transforma-
tion assays (RAEB-JO; CMML-JN and
CMML-AT). In agreement with Hirai
etal. [9] and Liu et al. [12], our results
show that MDS patients with mutations
may evolve to AML more frequently
than those without mutations. Thus, the
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presence of such mutations may be of
prognostic value. However, clearly there
are other factors which are important in
progression.

This work was supported by the
Leukaemia Research Fund. The tables
are taken from Padua et al. [14].
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