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ABSTRACT: The human transforming gene TIM has been mapped to human chromosome 7 region q33~q35 
by f luorescence in situ hybridization with R-banded chromosomes. Rearrangements wi thin this region 
have been reported to occur in acute myeloid leukemia  cells. 

INTRODUCTION 

The TIM oncogene was isolated by an expression cloning 
strategy [1] as a cDNA clone with transforming activity in 
NIH/3T3 fibroblasts [2]. The 2.3-kb TIM cDNA encodes a 
predicted protein of 60-kD containing a Dbl-Homology (DH) 
domain [2]. The DH motif is shared by several signal trans- 
ducing molecules including Bcr, Cdc24, Dbl, Vav, Ras-GRF, 
Ect2, Lbc, and Tiara-1 [2-6]. Because Dbl can activate Cdc42, 
a small GTP-binding protein of the Rho family, by guanine 
nucleotide exchange [7] and Dbl, and Ect2 can associate with 
subsets of Rho family proteins [4], these molecules are im- 
plicated as regulators of small GTP-binding proteins. Rho fam- 
ily proteins are known to regulate cytoskeletal organization 
[8]. Cdc24 and Tiam-1 are involved in yeast budding control 
and invasiveness of T cells, respectively [9, 6], suggesting 
that these molecules control cytoskeletal organization. There- 
fore, the TIM oncogene may be also involved in the control 
of cytoskeletal organization through regulation of small GTP- 
binding proteins. 

Our initial studies on the characterization of TIM indi- 
cated that this novel gene resides on human chromosome 
7 by using human-hamster  somatic cell hybrids [2]. To shed 
further light on the potential involvement of the TIM gene 
in cancer, the sublocalization of the gene on chromosome 
7 was determined by fluorescence in situ by hybridization 
[FISH] in the present study. 

MATERIALS AND METHODS 

R-banded chromosomes ware prepared by standard methods 
[10] with some modifications [11]. Peripheral blood lympho- 
cytes from a healthy male ware stimulated with phytohemag- 
glutinin (Welcome, HA 15) and cultured in TC 199 medium. 
At 48 hours, thymidine (300 ~tg/mL, Sigma) was added to 
the culture. After 15.5 hours, the cells were washed and 
treated with bromodeoxyuridine (25 ttg/mL, Sigma) for 6.5 
hours. Chromosome preparation was carried out by standard 
methods. Slides were stained with Hoechst 33258 (1 pg/mL, 
Sigma), heated for 3 minutes, and exposed at 75°C for 
6 minutes under a 20-W black light (Toshiba FL20SBLB). The 
exposed slides were rinsed in distilled water and stored at 
-80°C until use. 

A human TIM cDNA (3.6 kb} was isolated from a B5/589 
human epithelial cell cDNA library in L pCEV27 by using 
the 2.3-kb TIM cDNA as a probe, and used for fluorescence 
in situ hybridization (FISH). The probe was labeled by nick 
translation with biotin-16-dUTP (Boehringar). Hybridization 
was carried out as reported [11, 12]. The signal amplifica- 
tion procedure was carried out with fluorescein avidin DCS 
[Vector) and biotinylated anti-avidin goat antibody (Vector) 
by published methods [13, 14]. The slides were stained with 
propidium iodide (0.5 ttg/mL, Sigma). They were observed 
using a Nikon OPTIPHOT-2-EFD2 microscope (B-2A filter). 
Kodak Ektachrome film (ASA 100) was used for microphotog- 
raphy of chromosomes. 

From the Department of Genetics, Research Institute, Interna- 
tional Medical Center of Japan, Tokyo, Japan (S. T., K. Y.); and the 
Laboratory of Cellular and Molecular Biology, National Cancer In- 
stitute, Bethesda, Maryland (A. M.-L. C., T. M.). 

The present address ofA. M.-L Chan is Derold Ruttenberg Can- 
cer Center, Mount Sinai Medical School, New York, New York. 

Address reprint requests to: Setsuo Tukai, Ph.D., Department of 
Genetics, Research Institute, International Medical Center of Japan, 
1-21-1 Toyama-cho, Shinjuku-ku, Tokyo 162, Japan. 

Received July 18, 1994; accepted January 17, 1995. 

Cancer Genet Cytogenet 83:87-89 (1995) 
© Elsevier Science Inc., 1995 
655 Avenue of the Americas, New York, NY 10010 

RESULTS 

To determine the regional localization of the TIM proto- 
oncogene, fluorescence in situ hybridization was carried out 
on (pro)metaphase human chromosomes using a biotinylated 
human TIM cDNA as a probe. Among 50 (pro)metaphases 
observed, 43 cells showed symmetrical double (or more) spots 
on at least one homologue of chromosome 7. The region of 
the signals was localized to ?q33"-*q35 (Fig. 1). No other chro- 
mosomes showed double spot signals. Therefore, it was con- 
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Figure 1 The localization of the human TIM proto-oncogene to human chromosome 7 region q33~q35 by fluores- 
cence in situ hybridization (FISH) with R-banded chromosomes. Arrows indicate spots of the signals after FISH using 
biotinylated TIM cDNA as a probe. The signal might be very dim after publication. 

c luded that the human  TIM gene is located wi th in  the hu- 
man chromosome 7 region q33-'q35, This result  was 
consistent with our previous localization of the gene on chro- 
mosome 7 by analyzing a panel  of human-hamster  somatic 
cell hybrids [2]. 

DISCUSSION 

The proto-oncogene TIM has been mapped to h u m a n  chro- 
mosome 7 region q33~q35 in this study using FISH methods. 
Within this chromosomal region, a chromosome anomaly, 
del(7} {q11-34~q22-36}, has been reported in over 10 cases 
of acute myeloid leukemia (AML) [15]. Other genes in  this 
region that play a role in human  diseases include the hu- 
man MET proto-oncogene (7q31 [16]}, the gene for the cystic 
fibrosis t ransmembrane conductance regulator {CFTR}, 
(7q31.2 [16]), and the B R A F  proto-oncogene, (7q34 [17, 18]) 
(Takai and Yuasa, unpubl i shed  data, 7q32-*q34 by FISH). 
Whether oncogenic activation of TIM or one of these other 
genes contributes to the development of AML remains to be 
determined. 

We are grateful to Dr. Steven Tronick for continued support and crit- 
ical reading of the manuscript. 

REFERENCES 

1. Miki T, Fleming TP, Crescenzi M, Molloy CJ, Blam SB, Rey- 
nolds SH, Aaronson SA (1991): Development of a highly effi- 
cient expression cDNA cloning system: Application to oncogene 
isolation. Proc Natl Acad Sci USA 88:5167-5171. 

2. Chan AM-L, McGovern ES, Catalano G, Fleming TP, Miki T 
(1994): Expression cDNA cloning of a novel oncogene with se- 
quence similarity to regulators of small GTP-binding proteins. 
Oncogene 9:1057-1063. 

3. Ron D, Zannini M, Levis M, Wickner RB, Hunt LT, Graziani G, 
Tronick SR, Aaronson SA, Eva A (1991): A region of proto-dbl 
essential for its transforming activity shows sequence similar- 
ity to a yeast cell cycle gene, CDC24, and the human breakpoint 
cluster gene, bcr. New Biol 3:372-379. 

4. Miki T, Smith CL, Long JE, Eva A, Fleming TP (1993): Oncogene 
ect2 is related to regulators of small GTP-binding proteins. Na- 
ture 362:462-465. 

5. Toksoz D, Williams DA (1994): Novel human oncogene Ibc de- 
tected by transfection with distinct homology regions to signal 
transduction products. Oncogene 9:621-628. 

6. Habets GGM, Sholtes EHM, Zuydgeest D, van der Kammen RA, 
Stare JC, Betas A, Collard JG {1994): Identification of an invasion- 
inducing gene, Tiam-1, that encodes a protein with homology 
to GDP-GTP exchangers for Rho-like proteins. Cell 77.'537-549. 

7. Hart Iv[J, Eva A, Evans T, Aaronson SA, Cerione RA {1991): Catal- 
ysis of guanine nucleotide exchange on the CDC42Hs protein 
by the dbl oncogene product. Nature 354:311-314. 

8. Ridley AJ, Hall A (1992}: The small GTP-binding protein rho 



The Human TIM Oncogene to 7q33-~q35 89 

regulates the assembly of focal adhesions and actin stress fibers 
in response to growth factors. Cell 70:389-399. 

9. Bender A, Pringle JR (1989). Multicopy suppression of the cdc24 
budding defect in yeast by CDC42 and three newly identified 
genes including the ms-related gene RSR-1. Proc Natl Acad Sci 
USA 86:9976-9980. 

10. Viegas-Pequignot E, Dutrillaux B (1978): Une methode simple 
pour obtenir desprophases et des prometaphases. Annal Genet 
21:122-125. 

11. Takahashi E, Hori T, O'Connel P, Leppert M, White R (1990): 
R-banding and nonisotopic in situ hybridization of the type II 
collagen gene (COL2A1). Hum Genet 86:14-16. 

12. Takai S, Nishino N, Kitayama H, Ikawa Y, Noda M (1993): Map- 
ping of the KREV1 transformation suppressor gene and its pseu- 
dogene (KREVIP) to human chromosome lp13.3 and 14(t24.3, 
respectively, by fluorescence in situ hybridization. Cytogenet 
Cell Genet 63:59-61. 

13. Nakagawa H, Inazawa J, Inoue K, Misawa S, Kashima K, Adachi 
H, Nakazato H, Abe T (1992): Assignment of the human renal 
dipeptidase gene (DPEP1) to band q24 of chromosome 16. Cytoge- 
net Cell Genet 59:258-260. 

14. Takai S, Yamada K, Hirayama N, Miyajima A, Taniyama T {1994): 
Mapping of the human gene encoding the mutual signal- 
transducing subunit (D-chain) of granulocyte-macrophage 
colony-stimulating factor {GM-CSF), interleukin-3 (IL-3), and 
interleukin-5 {IL-5) receptor complexs to chromosome 22q13.1. 
Hum Genet 93:198-200. 

15. Mitelman F, Kaneko Y, Trent J (1991): Report of the committee 
on chromosome changes in neoplasia. Cytogenet Cell Genet 
58:1053-1079. 

16. Grzeschik KH, Tsui LC, Green ED (1994): Report of the first in- 
ternational workshop on human chromosome 7 mapping 1993. 
Cytogenet Cell Genet 65:52-62. 

17. Sithanandam G, Druck T, Cannizzaro LA, Leuzzi G, Huebner 
K, Rapp UR (1992): B-tar and a B-tar pseudogene are located 
on 7( t in man. Oncogene 7:795-799. 

18. Eychene A, Barnier JV, Apiou F, Dutrillaux B, Calothy G (1992): 
Chromosomal assignment of two human B-raf (Rmil) proto- 
oncogene loci B-tar-1 encoding the p94 (Braf/Rmil) and B-mf-2, 
a processed pseudogene. Oncogene 7:1657-1660. 


