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OXIDANT-INDUCED RESTRICTION
POLYMORPHISM MAPS TO KINASE REGION OF
C-ABL ONCOGENE

C.J. SCHMEICHEL and S.A. WEITZMAN*

Section of Hematology|/Oncology, Department of Medicine, Northwestern University
Medical School, Chicago, lllinois 60611, USA

Reactive oxygen species generated by activated human phagoctyes can cause a variety of genetic injuries
and produce malignant transformation in target cells. We previously reported that DNA extracted from
phagocyte-transformed 10T1/2 mouse fibroblasts contained Msp [-dependent restriction fragment length
polymorphisms in the c-ab/ oncogene. The data suggested that the oxidant-induced RFLP resulted from
an alteration in the methylation pattern in c-abl. We have now mapped one of these RFLP to a specific
*CCGG’ tetramer found within the tyrosine kinase region of the gene. The polymorphic *CCGG’ site has
been localized to the intron between exon 2 and 3a. Restriction analysis indicates that a repetitive sequence
exists within this intron and that the RFLP is associated with this repeat.
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INTRODUCTION

Reactive oxidants generated by human phagocytes have been implicated in the
development of several malignancies associated with chronic inflammation, including
colon and bladder cancer.'* Oxidants, both in vitro and in vivo, induce heritable injury
to cellular DNA after which cell transformation or tumor progression are ob-
served.'” These findings suggest that the role of oxidants in carcinogenesis may
involve activation of oncogenes or inactivation of anti-oncogenes important in the
initiation or promotion stages of malignancy. In our laboratory we have shown that
human neutrophil-derived oxidants transform C3HI0TI/2 mouse fibroblasts in
vitro."! The DNA from the individual cell lines transformed were positive in the
NIH3T3 cell transformation focus-forming assay indicating that a stable modification
of the DNA in the C3HIOT/2 cells had occurred.'*" Extensive screening of the
DNA from the transformed cell lines revealed that Msp [ restriction fragment length
polymorphisms (RFLP) were present in the c-ab/ gene, but not in c-mye, Ki-ras, or
v-mos." Initial hybridization studies revealed that the polymorphisms were localized
to the region of c-abl containing exons common to each of the four abl messages
previously described.'*'* As part of studies to determine the potential significance of
these RFLP in oxidant-induced cell transformation, Mspl sites resulting in c-ab/
polymorphisms were mapped.
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METHODS

Southern blot analysis was performed by standard'methodologies.'® Briefly, fifteen ug
of DNA was digested for 3 hours at 37°C with 10 U/ug of restriction enzyme
(purchased from Bethesda Research Laboratories, Gaithersburg, MD). DNA was
electrophoresed through 0.8 to 1.0% agarose gels for 16 to 20 hours at [.5vfcm in
89 mM tris-borate, 89 mM boric acid, and 2mM EDTA. DNA was transferred by
capillarity to Hybond nylon membrane (Amersham, Arlington Heights, II) according
to manufacturers directions. Blots were UV fixed for 5 min at 300 nM, prehybridized
for 3 to 5 hours and hybridized 20 to 24 hours at 62 to 68° C in Hoeffer hybridization
chambers (Hoeffer, San Francisco, CA). Hybridization buffers included 6X SSC, 5X
Denhardt’s solution, and 5mM EDTA with 0.1 mg/ml herring sperm DNA. Oligomer
hybridizations were performed at 48 to 55° C for varying times and blots were washed
with buffers of increasing stringency as previously described.'™'®* DNA probes were
labeled with *P by the random primer method.'” After hybridization filters were
washed and subjected to autoradiography at -70° C. DNA probes were prepared from
c-abl Type I cDNA" and c-abl genomic inserts cloned into PUC 13 plasmid. The
plasmids were generously supplied by Andre Bernards (Type [), and George Daley
and Michael Paskind (genomic), of the Whitehead Institute, Massachusetts Institute
of Technology.

RESULTS

The murine c-ab/ gene encodes a cytoplasmic tyrosine kinase. Two major and two
minor RNA messages each having variable 5’ ends have been described."” The mRNA
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FIGURE | Schematic map of the mouse cabl gene showing the 3 common exons encoding the tyrosine
kinase region and the four alternative 5' exons responsible for the four unique c-ab/ mRNA. Pl and P2
designate promoters which initiate the major mRNA transcripts. Restriction mapping of the region
between exons | and 3b are shown to scale in a blow up of the kinase region. Proposed sites for the
restriction endonuclease Hinc 11 (H), Msp 1 (M), Stu 1 (S), Xba I (X), Sph I (P) and Sma [ (A) are indicated.
H-c are the Hind Il cloning sites used to clone the genomic sequences discussed. The mapping of the Stu
| and the Xba sites, and the sequencing of exon Ja and 3b were performed by M. Paskind and G. Daley
(personal communication).
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species arise from splicing of alternate 5° exons to a common set of 3’ exons (20)
(Figure 1, adapted from the c-ab/ map provided by Andre Bernards). The 3’ exons
encode the tyrosine kinase portion of the c-ab/ protein. The Msp [ polymorphisms
observed in c-abl in the DNA from cells transformed by neutrophil oxidants were
originally detected with v-abl. V-abl consists of sequences spanning only the common
exon and those exons encoding the tyrosine kinase activity of the protein.?' The same
polymorphisms were observed when c-ab/ Type I DNA was used as a probe in place
of v-abl (data not shown). The Type I cDNA is derived from the major mouse c-ab!
mRNA and contains the 5’ variable exons together with the 3’ common exons found
in v-ab!'** (personal communication, Andre Bernards). This finding confirmed locali-
zation of the Msp I RFLP to regions of c-abl 3’ to the variable 5’ exons.

Digestion of the Type I cDNA with the restriction endonuclease Sma I generated
a 1 kb probe derived from the 5’ end of the Type I cDNA to the Sma [ site designated
in Figure 1. Hybridizations with this probe detected each of the RFLP described
(Figure 2). RFLP were not detected using cDNA probes mapping 5’ to the Hinc II
site (see map Figure 1, data not shown). Further localization of two of the RFLP was
achieved with a 0.25 kb cDNA probe which spans the 3° 0.17 kb of exon 2 and all 90
base pairs of exon 3a (Figure 1). The 0.25kb probe detected 4 bands in the Msp I
digested DNA isolated from untransformed 10T1/2 cells including a 3kb, a 2.3kb,
a 1.8kb and a 1.4kb band (Figure 3A, lane 1). Each of the 4 bands were also

LR

FIGURE 2 Restriction fragment length polymorphisms in Msp I sites of the c-abl gene in oxidant
transformed cells. DNA samples digested with Msp [ were analyzed in Southern blots. Lanes contain DNA
from the following: 1, untransformed 10T1/2 cells; 2, 10T 1/2 cells transformed chemically with 3-methylc-
holanthrene; 3-8, cells transformed with phagocyte-generated oxidants. The blot was hybridized with the
c¢DNA extending from the 5’ end of the Type | cDNA to the Sma [ site designated in Figure I.
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detectable in DNA from normal C3H mouse spleen.' The 3 kb and the 1.8 kb bands
are constant in DNA from both control and transformed C3H10T1/2 cells, whereas
the 2.3 and 1.4 kb bands are unique to the control DNA. In contrast, DNA from the
phagocyte-transformed cells exhibit unique 4.8 and 1.2kb bands. RFLP were not
detected when hybridizations were performed with cDNA probes mapping immediat-
ly 3" or 5 to the 0.25kb cDNA probe (data not shown).

Our previous studies demonstrated that the RFLP detected in c-abl were specific for
Msp I indicating that the Msp I recognition site, ‘CCGG" was altered." Analysis of
the c-abl sequence within and proximal to the region mapped by the 0.25kb probe
revealed that no ‘CCGG’ sites were present in exon |, exon 2 or exon 3a.”* The
intron between exon 3a and 3b also did not contain ‘CCGG’ sites (unpublished
observation, M. Paskind and G. Daley). The cDNA ‘CCGG’ sites nearest to the
region containing the Msp I RFLP were 20 and (00 base pairs downstrean in exon
3b. Two twenty base pair synthetic polydeoxynucleotide oligomers were constructed,
each surrounding and containing one of the two exon 3b *CCGG’ sites at the center
of the oligomer, based on known sequence information. Strict oligomer hybridization
conditions of Southern blots prepared with Msp [-digested DNA from control and
transformed cells revealed that the 5 ‘CCGG?’ site in exon 3b was not polymorphic
(Figure 3B). Hybridizations directed at the downstream "CCGG"’ site gave similar
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FIGURE 3 Localization of the restriction fragment length polymorphisms in Msp I sites of the cabl gene
in oxidant transformed cells. DNA samples digested with Msp [ were analyzed in Southern blots. Lanes
contain DNA from the following: |, untransformed 10T1/2 cells; 2, 10T1/2 cells transformed chemically
with 3-methylcholanthrene; other lanes, cells transformed with phagocyte-generated oxidants. Hybridiza-
tions were performed with the 0.25 kb c-abl cDNA (A), the twenty base oligomer directed to the 5 *CCGG’
site in exon 3b (B), and the Xba I to Hind III genomic clone (C).

results (data not shown). These findings indicated that the RFLP detected by the
0.25kb cDNA probe must result from ‘CCGG’ sites contained within the intron
between exons 2 and 3a.

A genomic probe containing the intron sequences between the Xba I and Hind 1]
sites (Figure 1) was hybridized to the southern blot originally probed with the 0.25kb
c¢DNA. An intense hybridization signal was observed along the entire length of each
lane containing the individual control and experimental samples (Figure 3C). Repeat
hybridizations of fresh Southern blots with the same and digested pieces of the Xba
I to Hind III probe yielded identical results (data not shown). The type of hybridiza-
tion signal observed is typical of probe hybridizations to repetitive sequences con-
tained throughout the genome.”? Hybridizations with genomic probes mapping 3’ to
the Sph I site (Figure 1) were negative for RFLP (data not shown).
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FIGURE 4 Defining the Msp I sites between the Xba I and the Hind I11 sites. The DNA segment of the
genomic clone extending from the Xba I site to the Hind I1I site (Figure 1) was digested with Msp | and
run into a 1% agarose mini-gel containing 0.5 ug/ml of ethidium bromide. Molecular size markers are
indicated.

Msp I digestion of the genomic DNA segment mapping from the Xba I site to the
3’ Hind III site demonstrated the presence of two ‘CCGG'’ sites (Figure 4). Restriction
mapping of this region placed the Msp I sites ~0.610 and ~ 1.2kb 3’ to the Xba I
site (Figure 1). Msp I sites were not detectable between the Sph I and the 3’ Hind III
sites (data not shown). A single Msp I site was localized to 0.7kb 5’ to the Stu I site
(Figure 1B). The absence of detectable RFLP after hybridization with probes map-
ping 3’ to the Sph I site suggests strongly that the major RFLP detectable in c-abf in
the DNA from oxidant-transformed cells results from an alteration in the Msp [ site
0.61kb 3" to the Xba I site.

DISCUSSION

C3HIOT1/2 cells transformed by human neutrophil-derived oxidants exhibit several
Msp I dependent polymorphisms in c-abl.'* We have localized the major RFLP to the
tyrosine kinase region of the ab/ gene. Further our data demonstrate that the RFLP
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exist in the intron between exon 2 and exon 3a and that no RFLP exist in the tyrosine
kinase coding region from the common exon through exon ‘B’. Restriction mapping
revealed that two ‘CCGGQG’ sites exist in the intron between exon 2 and 3a; one site
~0.61 kb and the second ~ 1.2kb 3" to the Xba I site downstream of exon 2. Our data
suggest that the 5’ ‘CCGQG’ site within this segment is polymorphic as hybridizations
with DNA mapping downstream of the 3 ‘CCGG’ site did not detect RFLP, whereas
DNA hybridizing upstream of the 5" ‘CCGG’ site did detect RFLP (data not shown).

Our previous studies demonstrated that the polymorphisms were restricted to
alterations only in Msp I recognition sites.' Msp I polymorphisms could theoretically
arise from point mutation, duplications, rearrangements, deletions, or from methyla-
tion of the 5’ cytosine of ‘CCGG’ tetramers. Absence of observable polymorphisms
with other restriction enzymes effectively rules out rearrangement, duplications or
deletions. The polymorphisms we have described appear homozygous suggesting that
the RFLP do not result from point mutation but instead result from Msp I sensitivity
to methylation at the 5’ cytosine. However, Msp I polymorphisms generated by
sensitivity to 5 cytosine methylation are infrequent. One can expect that most
‘CCGQG’ sites in genomic sequences will be available for Msp I digestion since the
majority of methylations occur at the inner cytosine residue. Therefore, assuming that
each Msp I site downstream of the 5" Hind I1I site is digested by Msp I, hybridization
with the 0.25kb ¢cDNA probes will detect only the 2.3 and the 1.4 kb bands unique
to the DNA from the untransformed C3H10T1/2 cells. We have not yet identified the
regions which give rise to the 3 and 1.8 kb bands common to DNA from both control
and transformed cells. We are currently sequencing the genomic region between the
Xba I and Sph I sites to verify the predicted number and location of Msp I sites. This
information should help identify the mechanism by which the observed RFLP are
generated.

While methylation of DNA has long been associated with regulation of DNA
transcription, the functional result of the specific methylation changes noted here are
unknown.? It is therefore of particular interest that the RFLP in c-ab! are associated
with a region of repetitive sequences, as transcriptional regulatory sequences have
been identified within and associated with repeats in rat insulin 1 and SV40 genes.?**
Therefore, this modification in the c-abl sequence may alter the timing in the cell cycle,
the rate, or the magnitude of tyrosine kinase message transcribed.

Preliminary findings from our laboratory demonstrate that DNA from the'oxidant-
transformed C3H10T1/2 cells exhibit homozygous Msp I-dependent polymorphisms
in the Genes c-yes, c-src, and possibly c-fyn.®?' These genes, like c-abl, encode
cytoplasmic tyrosine kinases and, similar to c-ah/, the polymorphisms have been
localized to the conserved region of the genes encoding tyrosine kinase activity. Our
data, therefore, suggests that the neutrophil-derived oxidants may have induced
specific concerted modifications in the methylation pattern of a family of genes.

Acknowledgements

Supported by NIH grant tRO1 CA-47549. We thank Steven Satek. Patrick Turk, Robert McCarthy, and
Joshua Trob for excellent technical assistance and Drs. Rex Chisholm and Preethi Gunaratne for helpful
discussions.

References

1. A.B. Weitberg, S.A. Weitzman, M. Destrempes, S.A. Latt and T.P. Stossel. (1983). Stimulated human
phagocytes produce cytogenetic changes in cultured mammalian cells. New England Journal of
Medicine, 308, 26-30.

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/09/11

For personal use only.

768

22
23.
24,
25.
26.
27.

28.
29.

C.J. SCHMEICHEL AND S.A. WEITZMAN

S.A. Weitzman, and T.P. Stossel. (1981) Mutation caused by human phagocytes. Science, 212,
546-547.

J.F. Fraumeni, Jr. (1975) Persons at High Risk of Cancer: An Approach to Cancer Etiology and
Control. New York: Academic Press.

R.H. Riddell (1977) The precarcinomatous lesion of ulcerative colitis. Monograph Pathology, 18,
109-123.

J. Fujita, H. Nakayama, H. Onoue, J.S. Rhim, M.N. el-Bokainy, A.A. el-Aaser and Y. Ritamura.
(1987) Frequency of active ras oncogenes in human bladder cancers associated with schistosomiasis.
Japanese Journal of Cancer Research, 78, 915-920.

Singer, B., and Kusmierck, J.T. (1982) Chemical mutagenesis. Annual Review in Biochemistry, 52,
655-693.

P.A. Cerutti (1985) Prooxidant states and tumor promotion. Science, 227, 375-381.

Wei-Zen Wei, S. Ratner, A.M. Fulton, and G.H. Heppner. (1986) Inflammaotry infiltrates of
experimental mammary cancers. Biochimica et Biophysica Acta, 865, 13-26.

B. Krolewski, and J.B. Little. (1989) Molecular analysis of DNA isolated from the different stages of
X-ray-induced transformation in vitro. Molecular Carcinogenesis, 2, 27-33.

L. Nassi-Calo, A. Mello-Filho, and R. Meneghini. (1989) o-Phenanthroline protects mammalian cells
from hydrogen peroxide-induced gene mutation and morphological transformation. Carcinogenesis
10, 1055-1057.

S.A. Weitzman, A.B. Weitberg, E.P. Clark, and T.P. Stossel. (1985) Phagocytes as carcinogens:
Malignant, transformation produced by human necutrophils. Science, 227, 1231-1233.

S.A. Weitzman, C.J. Schmeichel, P. Turk, C. Stevens, S. Tolsma and N. Bouck. (1988) Phagocyte-
mediated carcinogenesis: DNA from phagocyte-transformed C3H 10T1/2 celis can transform NIH/
3T3 cell. Annals of the New York Academy of Sciences §51, 103-110.

M. Wigler, Pellicer, S. Silverstein and R. Axel. (1978) Biochemical transfer of single-copy eucaryotic
genes using total cellular DNA as donor. cell, 14, 725-731.

S.A. Weitzman, R.M. Lee and A.J. Ouellette. (1989) Alterations in c-ab/ gene methylation in cells
transformed by phagocyte-generated oxidants. Biochemical and Biophysical Research, Communica-
tion, 158, 24-30.

Ben-Neriah, Y., Bernards, A., Paskind, M., Daley, G.Q., and D. Baltimore. 91986) Alternative 5
exons in c-abl mRNA. Cell, 44, 577-586.

T. Maniatis, E.F. Fritsch and J. Sambrook. (1982) in Molecular Cloning: A laboratory manual. Cold
Spring Harbor, New York.

I. Guerrero, A. Villasante, V. Corces and A. Pellicer. 1984. Activation of a c-Ki-ras oncogene by
somatic mutation in mouse lymphomas induced by gamma radiation. Science, 214, 1159-1162.
Vv.J. Kidd, R.B. Wallace, K. Itakura and S. Woo. (1983) al-antitrypsin deficiency detection by direct
analysis of the mutation in the gene. Nature, 304, 230-234.

A.B. Feinberg and B. Vogelstein (1983) A technique for radiolabeling DNA restriction endonulease
fragments to high specific activity. Analyical Biochemistry, 132, 6-7.

A. Bernards, M. Paskind and D. Baltimore (1988) Four murine c-ab! mRNAs arise by usage of two
transcriptional promoters and alternative splicing. Oncogene, 2, 297-304.

E.P. Reddy, M.J. Smith and A. Srinivasan. (1983) Nucleotide sequence of Abelson murine leukemia
virus genome: Structura!l similarity of its transforming gene product to other onc gene products with
tyrosine-specific kinase activity. Proceedings of the National Academy of Sciences USA, 80, 3623-3627.
J.Y. Wang, F. Ledley, S. Goff, R. Lee, Y. Groner and D. Baltimore. (1984) The mouse c-ab/ locus:
Molecular cloning and characterization. Cell, 36, 349-356.

S.S. Smith and C.A. Thomas. (1981) The two-dimensional restriction analysis of Drysophilla DNAs:
males and females. Gene, 13, 395-408.

M.E. Tolberg and S.S. Smith. (1984) Structural organization of interspersed repetitive elements
present in DNA of musculus. Biochimica et Biophysica Acta, 783, 272-282.

A. Razin, H. Cedar and A.D. Riggs. (1984) DNA methylation: Biochemistry and biological signifi-
cance, Stringer Verlag, New York. .

J.D. Saffer and S.J. Thurston. (1989) A negative regulatory element with properties similar to those
of enhancers is contained within an alu sequence. Molecular Cellular Biology, 9, 355-364.

L. Laimins, M. Holmgren-Konig and G. Khouny. (1986) Transcriptiona! silencer element in rat
repetitive sequences associated with the rat insulin | gene locus. Proceedings of the National Academy
of Sciences USA, 83, 3151-3155.

W.R. Jelinek and S.R. Haynes. (1983) The mammalian afu family of dispersed repeats. Cold Spring
Harbar Sympos on Quantative Biology, 47, (2), 1123-1130.

J. Sukegawa, K. Semba, Y. Yamanashi, M. Nishizawa, N. Miyajima, T. Yamamoto and K. Toyosh-

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/09/11

For personal use only.

OXIDANTS INDUCED RFLP IN C-4BL 769

ima. (1987) Characterization of cDNA clones for the human c-yes gene. Molecular Cellular Biology,
7, 41-47.

30. T. Tatsuo, and H. Hanafusa. (1983) Structure and sequence of the cellular gene homologous to the
RSV src gene and the mechanism for generating the transforming virus. Cell, 32, 881-890.

31. T. Kawakami, Y. Kawakami, S.A. and K.C. Robbins. (1988) Acquisition of transforming properties
by fyn, a normal src-related human gene. Proceedings of the National Academy of Sciences USA, 85,
3870-3874.

Accepted by Prof. G. Czapski

RIGHTS

i,



