








ras ONCOGENES IN HUMAN CANCER

Thyroid Carcinomas

The tumors of the follicular epithelium of the thyroid gland
represent various stages of tumor progression. The benign
(micro-) follicular adenomas are considered to progress at low
frequency to follicular carcinomas. These carcinomas may pro
gress to the rarely occurring undifferentiated carcinomas. Pap
illary carcinomas, which are clearly distinguishable from follic
ular carcinomas, may also progress to undifferentiated carci
nomas (50). Mutations in all three ras genes were found both
in the benign (micro-) follicular adenomas and in the follicular
and undifferentiated carcinomas in one-half of the cases (51,
52). Apparently, the ras mutation can occur early in the devel
opment of this tumor type. In papillary carcinomas a low
incidence of mutations is observed (51, 53, 54) and no ras
mutations were detected in macrofollicular hyperplasias. How
ever, these hyperplasias progress rarely, if at all, into malignant
tumors (52).

Myeloid Disorders

Mutational Event. Myeloid leukemia comprises a large num
ber of diseases, which can be divided into two main groups: (a)
MDS or preleukemia, and (b) AML. MDS is a heterogeneous
group of disorders characterized by abnormally low counts of
one or more of the blood lineages, combined with bone marrow
abnormalities that may evolve into AML in one-third of the
cases. By cytogenetic analysis and X-chromosome inactivation
studies, it has been shown that the initiating event in this disease
most likely affects an early stem cell (55). The subsequent
progression of MDS to AML is associated with a gradual
increase in blast cells which reflects the outgrowth of a new
leukemic cell clone (56). Arbitrarily, patients with more than
30% immature blast cells in their bone marrow are diagnosed
as having AML. Of most patients with AML it is unknown
whether they have had prior MDS. In about one-third of the

MDS and AML patients a mutated ras gene is detected, mostly
in the N-rai gene, but also in the K-ras and, infrequently, in the
H-ras gene (20, 57-69).1

A large amount of information about the occurrence of raÃ
gene mutations in MDS and AML has come from studies in
which multiple samples have been analyzed from the same
patient, (a) In some MDS patients the mutated ras gene is
readily detectable in the bone marrow as well as in the periph
eral blood cells, even in the mature T-lymphocytes (59, 69, 70).
During complete clinical remission cells with a mutated ras
gene may still comprise a major fraction of the bone marrow
cells (69). (b) In other patients the mutation is present in only
a subpopulation of the bone marrow cells, most likely the
leukemic blast cells (61, 63, 69, 71). (c) A mutation present
during the initial AML is usually undetectable during clinical
remission (61, 69, 71) and during subsequent relapse although
in some cases, cells with the mutated raÃgene reappear during
relapse (68). (d) In one patient the mutation was detected only
in the relapse and not in the initial AML (68). (e) In some
patients two different mutated raÃgenes are present presumably
in two different cell clones (61).

Apparently, with respect to the stage at which raÃmutations
occur, patients can be divided into at least two groups. The first
group has incurred a ras gene mutation in a multipotent stem
cell and therefore the mutation is present in all bone marrow
cells as well as in the mature peripheral blood cells (69). The
second group of patients has obtained the raÃmutation later in
the course of the disease and the cells harboring a raÃmutation

represent a newly evolved leukemic cell clone (71). This newly
evolved cell clone may mark the evolution from MDS to AML
but may also represent the evolution of a new, more malignant
cell clone later in the course of the disease or after clinical
remission. Whether in these cases the mutation occurs in an
already affected early stem cell or in a more committed cell is
still unknown. Dependent on the sensitivity of the mutant rai-
containing cell clone for chemotherapy, cells with a ras muta
tion may disappear completely or only partly during chemo
therapy. In the latter case the mutation may reappear in a
subsequent relapse (68, 69, 71). Mutant rai-containing cell
clones in patients with a mutation in a multipotent stem cell
appear to be more resistant to chemotherapy than cell clones
where the mutations had occurred later in the course of the
disease (69).

Pathological Features. A striking observation is that the raÃ
mutation is preferentially found in AML classified as M4
(myelomonocytic) or M5 (monocytic) (61, 68, 69) and MDS
classified as chronic myelomonocytic leukemia (65) or classified
differently but having monocytosis (69). This suggests that the
myelomonocytic or monocytic cell differentiation is preferen
tially affected by a mutant raÃgene. In some of these cases the
raÃmutation is present in the multipotent stem cell, indicating
that the raÃmutation affects only the maturation of the mye
lomonocytic cells and not the maturation of other cells like
lymphocytes and erythrocytes. It is not clear, however, whether
a given raÃmutation preferentially influences hematopoiesis
towards an abnormal myelomonocytic differentiation or
whether it provides a preferential growth advantage to an MDS
with an abnormal monocytic cell lineage. Furthermore, it is
unknown whether mutated rai on its own can perform these
properties.

In MDS and AML the presence of raÃmutations might have
some direct clinical relevance, (a) As pointed out by several
investigators MDS patients with a raÃgene mutation may have
a higher chance to progress into AML and thus may have a
poorer prognosis (63-65, 69). The prognostic value of raÃ
mutations may be limited, however, since several MDS patients
with a raÃmutation, including patients with a mutation in the
multipotent stem cell, have a stable disease (65, 67),5 indicating

that a raÃmutation is not a prognostic factor on its own.
Similarly, AML patients with a raÃmutation do not have a
prognosis different from that of patients without one. (b) The
raÃmutation might be a suitable marker for monitoring the
effect of chemotherapy and detecting minimal residual disease
(61, 69, 72, 73).

Etiology. The types of mutations found in AML and MDS
are presented in Table 3. The majority of the mutations are
present in codon 12 or 13 and one-half of these mutations
represent the substitution of an A residue for the second G of
a GG pair. As mentioned for colon carcinomas, this type of
mutation is typical for alkylating agents. However, only one raÃ
gene mutation, a G-T transversion in codon 13 of the N-rai
gene, has been found in 13 patients with an AML or MDS
related to therapy with alkylating agents (66).

Lymphoid Malignancies

Mutational Event. Lymphoid malignancies comprise a large
variety of diseases, including ALL, CLL, and NHL. From the
analysis of cell surface markers and rearrangements in iniinu-
noglobulin genes or T-cell receptor genes it is known that ALL

5C. Bartram, personal communication.
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Table 3 ras mutation found in AML and MDS"

N61 CAA
-AAA
-CTA
-CGA
-CAC/T

N12GGT
-ACT
-TGT
-GAT
-GTT
-GCT

N13GGT
-TGT
-CGT
-GAT
-GTT
-GCT

K12GGA
-ACT
-TGT
-GAT
-GTT
-GCT

K13GGC-GAC

K61 CAA
-CGA
-CAC/T

H12GGC-GAC

4
3

13
8

9
9

29
6
5

1
1

10
5
2

" Data compiled from Refs. 20, 57, 59-61. 63, 65, and 67-69 and Footnote 3.

involves cells of an early differentiation grade whereas CLL
and NHL probably originate from a more differentiated pre
cursor cell, ras gene mutations have been detected in only a low
percentage of patients with ALL, preferentially in the non-B,
non-T ALL (62, 74, 75) and hardly, if at all, in patients with
CLL and NHL (75).6 This may indicate that lymphoid cells, in

particular the more differentiated ones, are refractile to either
the mutational event or the effect of mutant ras genes. This
latter possibility is supported by the above described observation
that a mutant ras gene can be present in apparently normal
lymphocytes from patients with MDS. In some of the ALL
patients the mutation is present in only a subfraction of the
bone marrow cells, notwithstanding the fact that 90% of these
bone marrow cells consist of leukemic blast cells. This may
indicate that a new cell clone with a mutant ras gene is evolving
or, alternatively, that the mutant ras clone is a residual cell
clone that has been overgrown by cells not harboring a mutant
ras gene (75). Follow-up studies may discriminate between these

two possibilities.

General Conclusions

The rapid biochemical assays for ras gene mutations have
provided an overwhelming amount of information about the
presence of ras gene mutations in human tumors. For some
tumor types, ras gene mutations have been found in either a
small or a large percentage of the tumors; in these tumors, the
mutated ras gene product probably plays a role in the develop
ment of the tumor. From the present data the picture emerges
that tumor types with mutated ras genes most frequently are
hematological malignancies of the myelomonocytic lineage and
carcinomas, in particular adenocarcinomas, whereas tumor
types in which ras gene mutations do not seem to play an
important role are tumors of neuroectodermal origin and dif

6J. J. Yunis and J. L. Bos, unpublished observations.

ferentiated lymphoid malignancies. Since there are some nota
ble exceptions (for instance, adenocarcinomas of the breast
never or very rarely harbor ras gene mutations), the picture
cannot be generalized.

For most if not all tumor types the clinical significance of
mutated ras genes is still unclear. From the fact that mutated
ras genes in transfection experiments have dramatic effects on
growth and/or differentiation characteristics of a cell, it is
concluded that the presence of such genes in human tumors
should have a more or less important role in the development
of these tumors. However, ras gene mutation is not the only
defect that leads to the development of a particular tumor, and
as long as the other genetic events are unknown, the precise
role ras genes play in the development of human cancer will be
difficult to evaluate. Our lack of knowledge about the function
of ras proteins in the various cell types also hampers this
evaluation. Finally, an interesting aspect of the ras gene muta
tions is that they may be induced by carcinogenic agents. This
implies that the type of mutations found may provide infor
mation about the type of mutagen involved in the induction of
the mutations and, consequently, in the induction of the tumor.
This is particularly the case when specific mutagens are already
suspected to play a role in the etiology of a particular tumor
type or when clear differences in mutation spectra are observed,
for instance, in patients of different geographic origin. In such
evaluations one should keep in mind, however, that cells with
a mutated ras gene are selected and thus that the type of
mutation is also selected. This selection can be cell type specific.
Furthermore, tissue-specific susceptibility for a particular mu
tagen and tissue-specific repair of DNA damage may influence
the mutation spectrum as well.
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