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SYNOPSIS

Overexpression of c-myc, c-myb and c-fos proto-oncogene has been
observed in many leukemia cells. However, a relation between those
oncogene expressions and prognosis of the leukemia is bnot known in
Indonesia. In order to elucidate the relation, expression of those
oncogenes in leukemia cells from 52 patients in Indonesia was examined
by Northern blot analysis and was compared with prognosis of the disease.
The leukemia patients who survived for more than 2 years were 37 % of
the 52 patients. Many of the samples expressed c-myc mRNA (92 %).
Although strong expression of c-myb and c-fos mRNA was detected in the
samples (c-myb expression in 35 % of the leukemia cells and c-fos in 52 %),
those coexpressions with c-myc mRNA did not alter the prognosis. On the
contrary, all of the 4 patients suffering from leukemia which did not
express c-myc mRNA survived for more than 2 years.  Therefore, c-myc
expression in leukemia cells may be used as an indicator for deciding

prognosis of the leukemia patients in Indonesia.

Received for publication : August 26, 1994

Author's name in Japanese : v 7 ¢ 74 /S ) AT T

9



S. M. HARYANA

INTRODUCTION

Recent molecular analysis of human cancer cells demonstrates multiple
genetic lesions in the cell such as chromosomal translocations, gene
amplification and point mutations.25,27) Those genetic alterations result in
overexpression of proto-oncogenes and/or loss of tumor suppressor
genes.2.32) This abnormal expression of those oncogenes is a primary event
for tumorigenesis and may affect prognosis and therapy of the patients.
Recent study demonstrated that tumor cells which lost the function of the
p53 tumor suppressor gene were resistant against radiation and chemo-
therapy and made prognosis of the patients poor.13) Therefore, it is very
important to examine expression of proto-oncogenes and tumor suppressor

genes in tumors in order to decide therapy and prognosis of the patients.

The products of c-myc, c-myb and c-fos genes are nuclear transcription
factors which regulate cell growth and diferentiation.2) Overexpression of
those proto-oncogenes has been reported in many leukemia cells.24.26,29)
Although a role of the overexpression in the pathogenesis of leukemia cells
is not clearly resolved, overexpression profile of those genes in leukemia
cells may affect prognosis of the disease. However, a relation between the
overexpression profile and prognosis of the disease has not been carefully
studied in Indonesia. This study analyzed expression of those genes in
leukemia cells from patients in Indonesia and compared the expression
profile with prognosis of the disease. Coexpression of those genes did not
change prognosis of the disease. On the other hand, undetectable
expression of c-myc in leukemia cells made better prognosis of the
patients. A possibility that c-myc expression in leukemia cells is used as an

indicator for deciding prognosis of the patients is discussed.
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MATERIALS AND METHODS
Leukemia cells

Leukemia cells were obtained from patients in Yogyakarta, Semarang and
surrounding areas of the Central Java, Indonesia, between 1991-1993,
when they were diagnosed as primary leukemia without any treatments.
Mononulear cells were isolated from heparinized peripheral blood using
Ficoll Hypaque (Sigma, USA) density gradient centrifugation. Cells were
cryopreserved at -140°C in the liquid nitrogen for subsequent molecular
genetic studies. Informed consent was given in each instance before
acquisition of peripheral blood samples. All studies were approved by the

institution .board review.
Northern analysis

Levels of ¢c-myc, c-myb and c-fos mRNA were determined by Northern
blot analysis, as described.2l)  Briefly, total RNA from leukemia cells and
normal cells were extracted by the acid-guanidine method, as described.5)
Total RNA (10ug) was electrophoresed in a 1 % agarose gel with
formaldehyde. The RNA in the gel was blotted onto a Hybond N-nylon
membranes (Amersham) by capillary blotting. A baked filter was
prehybridized and then hybridized overnight with Digoxigenin (Dig)-
labelled cDNA probes (c-myc, c-myb and c-fos) (Boehringer Mannheim).
After washing the filter, the remaining probes were detected by
chemiluminescent detection system using anti-Dig antibody. The filter was
exposed to Kodak X-Omat AR films at room temperature using an

intensifying screen (Dupont).

The Dig-labelled cDNA probes for human c-myc, c-myb and c-fos were
prepared by polymerase chain reaction (PCR). Fragments of 250 bp of
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Pstl/Pvu-II fragment from the exon 2 of the human genomic c-myc,31D)
532 bp of EcoRI/BamHI fragment of the human c-myb cDNA,14) and 550 bp
of Apal fragment from the exon 3 of the human genomic c-fos8) were
amplified with specific primer in the presence of Dig-labelled dCTP by PCR.
An ethidium bromide stained gel containing 28S and 18S RNA bands was

used as an amount index of RNA.
RESULTS
Leukemia samples

Mononuclear cells were isolated from peripheral blood of leukemia
patients before any treatments. More than 10% of those cells were
leukemia (blast) cells. Type of leukemia cells was diagnosed by
morphological examination based on the FAB classification. Leukemia cells
used in this study were summarized in Table 1. In acute lymphocytic

leukemia (ALL), more than 90 % of patients were under 20 years “of age.

Table 1. A list of leukemia patients.

Age Sex
Leukemia2 Cases
<20 >20 M F
ALL 22 19 3 15 7
AML 23 8 15 9 14
CML 7 4 3 4 3

4 Leukemia was classified according to the FAB classification.
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c-myc, c-myb and c-fos proto-oncogene expression in leukemia cells

Expression of the c-myc, c-myb and c-fos proto-oncogenes were analyzed
-in total RNA isolated from leukemia cells by Northern blot. Fig. 1 shows
that the 2.3 Kb band for ¢c-myc mRNA, 3.8 Kb band for c-myb mRNA and
2.2 Kb band for c-fos mRNA were detected in some samples on the filter.
Those strong expressions on the samples were determined as positive
expression although  those three mRNAs were not detected in samples

from healthy persons (data not shown).

(a) c-myc
2.3kb >

(b) c-myb
3.8kb >

(c) c-fos
2.2kb

Fig. 1: Oncogene expressions in seven leukemia cells. c-myc (a), c-myb (b),
and c-fos (¢) mRNA expression were detected in 10 pg of total RNA
from leukemia cells by Northern blot analysis. Lane 1-4; ALL, lane
5-7; AML. Ethidium bromide staining of the gel is shown at the
bottom of the figure.
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In summary shown in Table 2, expression of c-myc mRNA was detected
in total RNA from many of ALL (95 %), acute myelogenous leukemia (AML)
(96 %) and chronic myelogenous leukemia (CML) (71 %). Although about
40 % of ALL and AML leukemia cells expressed c-myb mRNA, c-myb
mRNA was detected in only 14 % of CML. Expression of c-fos mRNA was
detected in about 50 % of leukemia cells (45 % in ALL, 60 % in AML and 43
% in CML). Almost all of the leukemia cells which expressed c-myb or c-fos
mRNA also expressed c-myc mRNA (96 %). These results indicate that c-

myc mRNA is dominantly expressed in acute type of leukemia.

Table 2. Oncogene expression in leukemia cells,

mRNA Expression

Leukemia Patients

c-myc c-myb c-fos
ALL 22 213(95)b 8 (36) 10 (45)
AML 23 22 (96) 9 (39) 14 (60)
CML 7 50 1(14) 3 43)
Total 52 48 (92) 18 (35) 27 (52)

4 Number of the oncogene expression positive leukemia patients.
b Percentage of the oncogene expression positive leukemia patients.

A relation between the proto-oncogene expression and prognosis of the
disease

Since expression of the c-myc, c-myb and c-fos genes was involved in

the proliferation and differentiation of hematopoietic cells 1,11,12),
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overexpression of those genes might affect growth and differentiation of
leukemia cells and prognosis of the disease. To examine whether
expression profile of these genes affected the prognosis, the proto-
oncogene expression profile shown in Table 2 was compared with prognosis
of the patients. All of the patients were given standard regimen therapy
after they were diagnosed. The patients who survived for more than 2
years after the disease was diagnosed were described as good prognosis in
this study. The results were summarized in Table 3. The patients with

good prognosis were 37 % of total leukemia patients examined.

Table 3. Relation between oncogene expression and good prognosis?,

c-myc c-myb c-fos
Leukemia -
+ - + - + -
ALL 7/22b 6/21 171 1/8 6/14 4/10 3/12

(32¢ (29 (100 13 @35 40 (25

AML 8723 7/22 111 4/9 4/14 4/14 4/9
(34) (30) (100) 44 (29 29 @44

CML 477 2/5 2/2 171 3/6 173 3/4
(57) (400  (100)  (100)  (40) (33 5

Total 19/52  15/48 4/4 6/18  13/34  9/27  10/25
37N (32) (1000 (33) (38 (33 @39

4 Patients who achieved remission and survived for more than 2 years.

b Number of patients with good prognosis per total number of leukemia
patients examined.

¢ Percentage of the patients with good prognosis.
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Table 4. Relation between multiple oncogene expressions and good

prognosis?,
myc + c-myb +
Leukemia
c-myb+c-fos  c-myb  c-fos c-fos
ALL 3/11b 1/6 0/2 2/3 -
(27¢ (17) (0) (66)
AML 5/15 217 /1 1/6 1711
(33) (26) (100) a7 (100)
CML 173 - in 072 -
(33) (100) 0)
Total 9/29 3/13 2/4 3/11 1/1
€2 (23) (50 (27 (100)

2 Patients who achieved remission and survived for more than 2
years.
b Number of patients with good prognosis per total number of
leukemia patients expressed several oncogenes.

€ Percentage of the patients with good prognosis.

In ALL, expression of c-myb mRNA made prognosis very poor (13 %).
Expression of c-myc (29 %) or c-fos mRNA (40 %) did not affect prognosis.
Negative expression of c-myc mRNA in ALL was detected only in one
patient who showed good prognosis. In AML, expression or no-expression
of those proto-oncogenes did not change the prognosis except in a case with
negative expression of c-myc mRNA. No-expression of c-myc mRNA in
AML was detected only in one patient who showed good prognosis. In
CML, percentage of the good prognosis was rather high (57 %). Expression
of c-myc or c-fos mRNA did not change the prognosis. No-expression of c-
myc mRNA demonstrated high percentage (100 %) of the good prognosis.

In total, all of the 4 patients with leukemia cells which did not express c-
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myc mRNA survived for more than 2 years. Logistic regression analysis
indicated that the probability of death in patients who expressed c-myc
was about 400 times more than that in patients who showed negative c-
myc expression. These findings suggest that c-myc expression indeed
increase the level of aggressiveness. The relation in the patients with
leukemia cells which coexpressed more than 2 of those three proto-
oncogenes was shown in Table 4. In generalization, there was no
significant difference of the prognosis in leukemia cells between expression
of c-myc mRNA only and coexpression of c-myc mRNA and the others.

More data were needed to confirm these results.
DISCUSSION

Overexpression of c-myc mRNA was found in many leukemia cells,
suggesting that c-Myc plays a critical role in multistage of
leukemogenesis.6:10)  Although constitutive activation of the c-myc gene
disrupts the growth regulation of cells!5) and has been proposed as an
essential factor for carcinogenesis, mechanisms of leukemogenesis by the c-
myc overexpression are still unknown.®) Evidence showed that expression
of c-myc mRNA in leukemia cells correlated with poor responsiveness to
therapy30) and with shorter duration of remission.!8) This phenomenon
was also observed in the level of c-Myc protein in bone marrow cells from
AML and CML patients.33) Our study also support the notion since a rate of
the good prognosis of the patients who suffered from c-myc overexpressed
leukemia cells was poor and 4 out of 4 leukemia patients who did not
express c-myc mRNA survived for more than 2 years. Therefore,
expression of c-myc mRNA may affect the level of aggressiveness of the
disease. Evan et al9 revealed that constitutive c-Myc expression disrupted

the regulation of cell cyle progression.
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Elevated c-myc expression had been observed in human multiple
myeloma by the c-myc gene translocation.!0.11.23) However, there was no
translocation of the c-myc gene in leukemia cells examined in this study by
karyotype analysis (data not shown). Baer et al revealed abnormal
prolongation of the c-myc mRNA turnover in some of the AML since there
was a truncation of the 3' end of the mRNA which enhanced stability of the
mRNA.D They also reported that enhanced c-myc stability was not due to
cytogenetic abnormality. Brewer reported that destabilizing element was a
protein that bind to the AU rich element in 3' untranslated c-myc RNA.4)
Further molecular analysis is required to elucidate mechanisms of c-myc

overexpression in those leukemia cells to extend its biologic outcome.

c-Myb is required for normal hematopoiesis at the proliferation of
progenitor cells. Inactivation of the c-myb gene results in defective
hematopoiesis.17)  During the differentiation of hematopoietic cells
expression of c-myb mRNA is down regulated.22) Constitutive expression of
¢c-myb mRNA can prevent terminal differentiation in certain cell types?) or
enhance competence for cell cycle progression.28) Indeed, our study
revealed that expression of c-myb mRNA demonstrated poor prognosis of
the ALL. Recent data demonstrated that c-Myb can activate c-myc gene
expression.6.349) These data were repeated by our results in that 17 out of
18 leukemia cells which expressed c-myb mRNA expressed c-myc mRNA.
Since there was almost no difference of a rate of the good prognosis of the
patients with leukemia cells expressed between c-myc mRNA alone and c-
myc plus c-myb mRNA, c-myc expression may affect the aggressiveness of

the disease.

Oncogenic potential of the deregulated c-Fos in leukemia cells is still

controversial.12) Overexpression of c-Fos transforms fibroblasts in vitro.16)
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Many c-fos transgenic mice were generated to examine oncogenic activity
of the deregulated c-Fos in various organs and cell lineages in vivo.19.20)
Several lines of those mice developed bone hyperplasia and bone tumors.
However, no malignant transformation of lymphocytes was induced in the
mice. In our study 2 out of the 2 patients with leukemia cells that
expressed c-fos mRNA alone survived well, suggesting that c-fos expression

does not affect the agressiveness of the disease.

In conclusion, this study shows that c-myc overexpression at the onset
of the disease in leukemia may increase aggressiveness of the disease and

therefore might be used as an indicator of prognosis.

ACKNOWLEDGMENTS

I would like to extend my sincere thanks to Prof. T. Tokuhisa for the
valuable discussion, encouragement and support in this work. 1 also thank
Drs. T. Koizumi, J. Phuchareon, and M. Hatano for their helpful discussions
and collaborations. I wish to thank Dr. Radjiman and Prof. A.G. Sumantri,
who have been very supportive in managing collaboration between Gadjah
Mada University and Diponegoro University, to Drs. C., Subharti, A.P.
Pradhana, E. Dharmana, Sutaryo, and E., Pardjono who have been very
helpful in providing the blood and bone marrow samples, and Dr. Haryanto
Supardi who have been helping in statistical analysis. This work was
supported by the grant provided by the Japan Society for the Promotion of

Science.

REFERENCES
1. Baer, M. R., Augostinos, P., and Kinniburgh, A. J.: Blood. 1992. 5.
1319/1326. Defective c-myc and c-myb RNA turnover in acute myeloid
leukemia cells.

2. Bishop. J. M.: Cell. 1991. 64. 235/246. Molecular themes in oncogenes.

101



S. M. HARYANA

3. Brewer, G.: Mol. Cell. Biol. 1991. 11. 2460/2464. An ATU-rich element
RNA binding factor regulates c-myc mRNA stability in vitro.

4. Champlin, R., and Gale, R. P.: Blood. 1989. 73. 2051/2066. Acute
lymphoblastic leukemia: Recent advances in biology and therapy.

5. Chomczynski, P. and Sacchi, N.: Analyt. Biochem. 1987. 16. 156/159.
Single step methode of RNA isolation by acid guanidium isothyocyanate-
phenol-chloroform extraction. '

6. Cogswell, I. P., Cogswell, P. C. Kuehl, W. M,, Cuddihy, A. M., Bender, T. M.
Engelke, U., Marcu, K. B., and Ting, J. P.: Mol. Cell. Biol. 1993. 13.
2858/2869. Mechanism of c-myc regulation by c-myb in different cell
lineages.

7. Cuddihy, A. E., Brents, L. A., Aziz, N., Bender, T. P., and Kuehl, W. M.: Mol.
Cell. Biol. 1993. 13. 3505/3513. Only the DNA binding and
transactivation domains of c¢-myb are required to block terminal
differentiation of murine erythroleukemia cells. |

8. Curran, T., MacConnel, W. P., van Straaten, F., and Verma, I. M.: Mol. Cell.
Biol. 1983. 3. 914/921. Structure of the FBJ murine osteosarcome virus
genome: molecular cloning of its associated helper virus and the cellular
homolog of the v-fos gene from mouse and human cells.

9. Evan, G. I, Wyllie, A. H., Gilbert, C. S., Littlewood, T. D., Land, H., Brooks,
Waters, C. M., Penn, L. Z., and Hancock, D. C.: Cell. 1992. 69. 119/128.
Induction of apoptosis in fibroblast by c-Myc protein.

10. Fellbaum, C., Radszkiewics, T., Ruhri, R., Putz, B., Lehmaker, W. and
Hofler, H: Virchows Arch. B Cell. Pathol. 1992. 62. 61/68. c-myc mRNA
expression in non-Hodgkin lymphoma.

11. Greil, R., Fasching, B., Loidl, P., and Huber, H.: Blood. 1991. 1.180/191.
Expression of the c-myc proto-oncogene in multiple myeloma and

chronic lymphocytic leukemia.: An in situ analysis.

102



C-MYC EXPRESSION IN LEUKEMIA

12. Johnson, R. S., Spiegelman, B. M., and Papaiannaou, V.: Cell. 1992. 71.
577/586. Pleiotropic effect of null mutation in the fos proto-oncogene.
13. Lowe, S. W,, Ruley, H. E., Jacks, T. and Housman, D. E.: Cell. 1993. 74.
957/9617. pS53-dependent apoptosis modulates the cytotoxicity of

anticancer agents. ‘

14. Majello, B, Kenyon, L. C., and Dalla Favera, R: Proc. Natl. Acad. Sci. USA.
1986 83. 9636-9640. Human c-myb proto-oncogene: Nucleotide
sequence of cDNA and organization of the genomic locus.

15. Marcu, K. B., Bossone, S. A., and Patel, A. J.: Annu. Rev. Biochem. 1992.
809/860. myc function and regulation.

16. Miller, A. D., Curran, T., and Verma, I. M.: Cell. 1984. 36. 51/54. c-fos
protein can induce cellular transformation: a novel mechanism of
activation of a cellular oncogene.

17. Muchinski, M. L., McLain, K., Kier, A. B., Swerdlow, S. H., Shreiner, C. M.,
Miller, T. A., Pietryga, D. W., Scott, W. ], and Potter, S. S.: Cell. 1991. 65.
677/689. A functional c-myb is required for normal murine fetal
hepatic hematdpoiesis.

18. Peisler, H. D., Raza, A., Larson, R., LeBaeau, M., Browman, G., Goldberg,
Grunwald, H., Vogler, R., Verkh, L., Singh, P., Block, A. M., and Sandberg,
A.: Blood. 1989. 73. 255/262. Proto-oncogene expression and the clinical
characteristic of acute non Ilymphocytic leukemia. A Leukemia
Intergroup pilot study.

19. Ruther, U., Garber, C., Komitowski, D., Muller, R. and Wagner, E. F.:
Nature. 1987. 325. 412/416. Deregulated c-fos expression interferes
with normal bone development in transgenic mice.

20. Ruther, U., Muller, W., Sumida, T., Tokuhisa, T., Rajewski, K., and
Wagner, E. F.: Cell. 1988. 53.847/856. c-fos expression interferes with

thymus development in transgenic mice.

103



S.M. HARYANA

21. Sambrook, J., Fritsch, T., and Maniatis, T. : In: Molecular Cloning. A
Laboratory Manual. (Cold Spring Harbor Laboratory Press). 1989. 7.
37/7.52. Analysis of RNA.

22. Selvakumaran, M., Lieberman, D. A., and Hoffman-Lieberman, B.: Mol.
Cell. Biol. 1992. 12. 2493/2500. Deregulated c-myb disrupt interleukin
6 or leukemia inhibitory factor induced myeloid differentiation prior to
c-myc : role in leukomogenesis.

23. Selvanayagam, P., Blick, M., Narni., F., van Tuinen, P., Ledbetter, D.
H.,Alexanian, R., Saunders, G. F., and Barlogie, B.: Blood. 1988. 1. 30/35.
Alteration and abnormal expression of the c-myc oncogene in human
multiple myeloma.

24. Siegert, W., Reutler, C., Langmach, K., Keitel, C., and Schimdt, D. A.: Eur. J.
Cancer. 1990. 266. 733/737. Differential expression of the oncoprotein
c-Myc and c-Myb in lymphoproliferative disorder.

25. Solomon, E., Barrow, J., and Goddard, A. ‘D.: Science. 1991. 54.
1153/1159. Chromosome aberration and cancer.

26. Strassburg, C. P., Neubauer, V., Poliwoda, H. and Benter, T:
Neoplasma.1992. 39. 343/347. Regulation of the proto-oncogenes c-sis,
c-fos, c-myc and c-myb in acute myeloid leukemias.-

27. Sugimura, T., Terada, M., Yokota, J., Hirohashi, S., and Wakabayashi, K.:
Environ. Health Perspect. 1992. 98. 5/12. Multiple genetic alteration in
human carcinogenesis.

28. Travali, S., Reiss., K., Ferber, A., Petralia, S., Mercer, W. E., Calabretta, and
Baserga, R.: Mol. Cell. Biol. 1991. 11. 731/736. Constitutively expressed
c-myb abrogates the requirement for insulin like growth factor I in 3T3
fibroblast.

29. Tsai, L. H.,, Nanu, L., Smith, R. G. and Ozanne, B.: Oncogene. 1991. 6.

81/88. Overexpression of c¢-fos in a human pre-B cell acute

104



C-MYC EXPRESSION IN LEUKEMIA

lymphocytic leukemia derived cell line, SMS-SB.

30. Venturelli, D., Lange, B., Narni, F., Selleri, L., Mariano, M. T., Torelli, U.,
Gewitz, A. M. and Calabretta, B.: Proc. Natl. Acad. Sci. USA. 1988. 885.
3590/3594. Prognostic significance of “short term” effects of
chemotherapy on myb and histone H3 mRNA levels in acute leukemia
patients.

31. Watt, R., Stanton, L. W., Marcu, K. B., Gallo, R. C., Croce, C. M. and Rovera,
G.: Nature. 1983. 303. 725/728. Nucleotide sequence of cloned cDNA of
human c-myc oncogene.

32. Weinberg, R. A.: Cancer Res. 1991. 49. 3713/3720. Oncogene,
antioncogene and molecular basis of multistep carcinogenesis.

33. Yang, P. M,, and Fu, L. : Chung Hua Nei Ko Tsa Chih. 1992. 31. 143/145.
The expression of c-Myc oncogene in leukemia and its relationship to
clinical symptoms.

34. Zobel. A., Kalkbrenner, F., Guehman, S., Nawrath, M., Vorbrueggen, G.
and Moelling, K.: Oncogene. 1991. 6. 1397/1407. Interaction of the v
and c-Myb proteins with regulatory sequences of the human c-myc

gene.

105





