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Methionine dependence is the inability of cells to grow tien methionine 
(Met) is replaced by it? imnediate precursor honocysteine (Hey) in the 
culture rr&ium (Met Hey medium). All normal unestablished cell strains 
tested to date have + Thown to be nethionine-independent and thus grow 
almost as well in Mat Hey medium as they do in Met Hey- medium. Results 
presented here indicate that out of 23 cell ljnes+derived from diverse types 
of human tumors, 11 do not grow at all in Met Hey medium and are absolutely 
mathioninedependent and 3 grow only slightly in this medium. Many of the 
tumor cell lines tested have little else in ccxmon other than the fact that 
they are methioninedependent. The high frequency of occurrence of 
methionine dependence in diverse types of human tuner cells indicates that 
mathionine dependence may be an important aspect of oncogenic transformation 
and therapeutically exploitable. 

The nolecular basis of oncogenic transformation is still not understood. 

Metabolic characteristics oxnon to diverse types of cancer cells but not to 

normal cells may shed light on the process of oncogenic transformation. 

A potential candidate for such a metabolic characteristic is the defect 

of nethionine dependence previously seen in some SJQO-transformed human 

cells, a few human tumor cell lines and in some animal tumor cell lines. 

See Reference 1 for review. The defect is the inability of the cells to grow 

in medium in which mathionine is replaced by its inmediate precursor 

horfocysteine (Met-Hey+ medium). Norm1 unestablished cell strains thus far 

characterized grow well in MetHcy+ medium (1,2). If msthionine dependence 

is important in human cancer, it should be prevalent in a large number of 

diverse types oE human cancer cells from various sites. A survey of such 

cells for n-ethionine dependence is the subject of this report. 

*To whom all correspondaxe should be addressed. 
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The human tumor cell lines used in this survey and their origin are 
listed in Table 1. All except the following cells ware grown in Eagle's MEM 
with 10% fetal bovine serum: A498, 8387, HT1080, A204, A2l82, J82 and 
SK-N-SH, which ware grown in Dulbecco's Modified MEW with 15% fetal bovine 
serum and T24, which ms grown in McCq's 5A with 20% serum. All mdia ware 
supplmted with 100pM folic acid, 1.w hydroxccobalamin at-d either lOl&M 
L-mathionine or 20wM D,L-homcysteine thiolactone in addition to 0.1 q/ml 
gentamycin-El. The fetal bovine serum ws 
physiological saline before use. 

dialyzed against three changes of 
Cells ware grown in 35mn petri dishes, 

detached with trypsin and enumerated in a Coulter Counter. Each data point 
is the result of three independent cell cultures. In all cases the growth of 
the replica cultures WIS essentially indistinguishable. 

RESULTS 

Although a number of humn fibroblast cell strains have been tested and 

all shown to be methionine-independent (l), for comparative purposes w have 

tested three additional: all derived from hmm foreskin. As can be seen 

from Figure 1, these fibroblasts grow almost as well in Met-Hey+ odium as 

in Mat+Hcy- n-f&m and are therefore nethionine-independent. 

The growth behavior of the human tumr-derived cell lines, homer, can 

be classified into 3 basic categories: 

A) Those cells that are absolutely mathioninedependent and do mot grow 

in Met-Hey' medium. 

Bf Those cells that are relatively n-ethionine-dependent and those growth 

is greatly reduced in Met-Hcy+mdiumas compared to Mat+Hcy-odium. 

C) Those cells that are mthionine-independent and grow essentially 

equally well in both types of madia. 

Of the 23 tumor cells sunreyed in this study, eleven fit into category A 

of being totally mthionine-dependent and three fit into category B of being 

almost methionine-dependent. This leaves only nine of the twenty-three cell 

lines basically unaffected by substituting lmmcysteine for methionine in 

the culture media (Figure 1, Table 1) 

Figure 1 groups the tuner cell lines by their origin and growth behavior. 

Among the carcincmas, two lung, one breast, me kidney, one prostate and one 

bladder carcincma are absolutely mathionine-dependent. However, tm lung, 

one cervical, one colon, one prostate amY one bladder carcinoma do show som 

growth in iWzHcy+ nr&ium although the growth of the cervical and colon 
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Fig. 1 Growth of human mxnnl and tunor-d$riv$ cell lines in nethionine- 
containing, horrocysteinedepleted (Met Hey ) medium (+-A-A) and in 
methioninedepleted, txxrocysteine-containing (Met Hey ) medium (@+O) . The 
Y-axis for each graph represents cell number per 35mn culture dish. The 
X-axis represents time in days. Each data pint represents 3 independent 
determinations. See Materials and Methods for details. 

carcinomas is very slight. Of the sarcomas, two fibrosarccmas, one 

rhabkmyosarccma and an osteogenic sarcoma are absolutely 

nmthionine4epehdent. In contrast, a leiomyosarccma and another 

rhabiiomyosarcoma grow aln-ost as wall in i%etcyf n&Cum as they do in 

431 



Vol. 117, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TAEZE I. HuM?!NCErLLINEsUSEDrNsTuDY 

DEGREE OF 
CELLLINE ORIGIN REFERENCE MEX'HIONINEDEPENDEXE 

FS-3 
FS-5 

KF390 

A2182 

J82 

PC3 

SK-W 

m-7 

A498 

H& 

SK-CO-1 
A427 

T24 

A549 

Du145 

8387 

HTlO80 
Hos 

A673 

A204 

SK-IMS 
SK-N-SH 

Al72 

SK-N-MC 

A375 

Mew0 

normal human foreskin fibroblast 

Normal human foreskin fibroblast 
Normal hwnan foreskin fibroblast 

Lung carcinana 
Primary transitional cell 
carcinana of bladder 

Prostateacl~ccarcinana - 
metastasis to bone marrow 

Pdenocarcincmaof lung 
Menocarcinuna of breast - 
pleural effusion 

Carcinana of kidney 

Cervical carcinoma 
Adenocarcincma of colon 

Carcinomaof lung 

Primary transitional cell 
carcinana of bladder 

Adenocarcinuna of lung 

Carcincxna of prostate - 
metastasis to brain 

Fibrosarcana 
Fibrosarccma 

Osteogenic sarcuna 

Rhakd~osarc~ 

Phabdanyosarcana 
Primary vulva leianyosarccma 

Neuroblastcxna - 
metastasis tc bone marrow 

Glioblastana 
Neuroblastcroa - metastasis 
to supraorbital area 

Malignant melanana 

Malignantmelanana - 
metastasis to lymph node 

4 

7 

8 Absolutely dependent 

9 Absolutely dependent 

10 Absolutely dependent 
9 Absolutely dependent 

11 Absolutely dependent 

12 Absolutely dependent 

13 Slightly independent 
14 Slightly independent 

12 Independent 

15 Independent 

12 Independent 

16 Independent 
17 Absolutely dependent 

18 Absolutely dependent 

19 Absolutely dependent 
12 Absolutely dependent 

20 Irdependent 

20 Independent 

21 Absolutely dependent 
12 Slightly independent 

22 Independent 

12 Independent 

23 

Independent 
Independent 
Independent 

Met+Hcy- medium. With regard to cell lines which are derived from cancers of 

the nervous system, one neuroblastolM is absolutely nrathionine-dependent, 

while another neuroblastoma is coqletely methionine-independent and a 

glioblastoma is a.brrxt msthionine~ependet. Of the tw mlanomas tested, 

one appears to be alnko.st nxathionine-independent and the other is completely 

rmathionine-independent. 
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In sumtwy, the data in Figure 1 indicate that the matabolic defect of 

nethionine dependence, while not observed in norm1 unestablished cell 

strains, is highly prevalent among tuner cell lines diverse in their tissue 

type and site of origin. 

DISCUSSION 

As mntioned in the introduction, a netabolic charateristic or defect 

present in cancer cells but not in normals may shed light on the mlecular 

basis of oncogenic transformation. The defect of methionine dependence, 

although not universally present in cancer cell lines, is present in tuner 

cell lines that seem to have little else in common other than cmcgenic 

transformation. In contrast, all normal unestablished cell strains measured, 

including fibroblasts (Figure 1) and reference (1) ard hunm epithelial 

cells (21, are nethionine-independent.Inleed, the hole animal is nethionine 

independent and grows ~11 hen homcysteine, vitamin B12 and folic acid 

replace mathionine in the diet (24). It should be noted that two groups 

(25,261 have claimd that cell types they call wnorntal" are nethionione 

dependent. Hudwer, these various cell types are actually immortalized cell 

lines, which precludes these cells being normal, and indeed immortalization 

is the first step toward mcogenic transform&ion (27-29). Additionally 

these authors (25,26) used concentrations of folic acid and vitamin B 12 in 

their media insufficient for cptimal growth in homcysteine(30). Thus, 

methionine dependence my have a relationship to oncogenic transformation, 

and understanding the biochemistry of the former (3-6) should contribute to 

our understanding of the biochemistry of the latter. 

pQ<m. This stkiy ms supported by grants 1348 ad 1496 from the 
Council for Tcbacco Research-USA, Inc., NIH Research Career Development 
Amrd CAOO804, NIH/National Cancer Institute grant CA27564 and the George A. 
Jacobs Memorial Fund for Cancer Research, all to Robert M. Hoffman. James 0. 
Me&am's wxk has supported by NIH training grant ~~07318. 
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