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SUMMARY: The classified sediment with ethanol from sera of nude mice 
and humans showed a dis turbing effect on L1210 cells in vitro and a 
lifesaving effect on Ll 210 cell-bearing mice in vivo. -Thisfactor was 
purified more than 2300 -fold to a specific activ-of approximately 
1~10~ U/mg by ethanol classified precipitation, Sephadex G-200 gel 
filtration, DEAE cellulose ion exchange chromatography with Nacl and 
pH gradient aqueous solution, and preparative polyacrylamide gel elec- 
trophoresis. 

INTRODUCTION: Current development of vital components in the physio- 

logical field of antitumor phenomena have involved studies in areas 

such as lymphokines(l-3). tumor necrosis factor(b-10) and humoral anti- 

body(l1). However,all such agents show a killing effect on tumor 

cells. Corwin et al(12) reported that the Kirsten sarcoma virus-trans- 

formed cell line,K3T3, when grown in media containing delipidized fetal 

calf serum, regained many of the properties of the untransformed parent 

cell. Such properties include morphology,adherence,saturation density 

and growth patterns. This sluggests that there is possibly an effective 

factor in the delipidixed serum which changes properties in a trans- 

formed cell. This report presents data indicating that 

that the tumor disturbing factor on the growth patterns 

it is possible 

is in the de- 

lipidized sera of the nude and human. 

Such tumor disturbing factor(T.D.F.) was actua 

fied form from delipid<ized human serum. 

is0 lated in puri- 

Abbreviation: T.D.F.= Tumor distlurbing factor 
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MATERIAL AND METHODS: 
Serum: Nude mice(BALB/c) were obtained from Sankyo Labo-Service Co. 

,Ltd.,Tokyo, and human serum was obtained from Tokyo Clinical Laborato- 

Bioassay fcr L1210 cells in tisslJre culture: The inhibition activi.. 
ty of all samples was bioassaied against L1210 cells in PRMI-1640 me$!i- 
urn. Before testing,all samples were dialyzed against I-3 changes of 
phosphate buffered solution. The units of inhibition activity biere dt- 
termined by the dilution analysis of samples 

Initial density of 5~10~ 
and purified active factor 

as a standard. cells/ml was used for L'l210 
cells. The number of cells living after 5 days in culture at 37'C were 
counted by the trypan blue dying method. Inhibition percent was calcu- 
lated to compare the number of cells in a saturation density with and 
without sample. 

Bioassay to determine the lifesaving effect on Ll210 cell-bearing 
mice : The lifesaving effect was determined by measuring the survival 
term of L1210 cell-bearing mice and T/C value was calculated. Five BDF 
mice(& 20g) were used per bioassay and L1210 cells were inoculated at 1 
x106 cells/mouse by interperitoneal injection. 

Polyacrylamide gel electrophoresis: A ten-thirty pg of samples in 
Tris-glycinate buffered solution(pH8.3) was applied on a tube of 0.5x9, 
12 and 24 cm(9 cm for purification, 12 cm for the degree of purity and 
24 cm for molecular weight) of 7% polyacrylamide el under 5 mA/tube, 
1-6 hrs.. Active samples in polyacrylamide(pH 8.3 7 for 15 hrs.by elec- 
trophoresis. To determine the T.D.F. purity, the buffered polyacryl- 
amide gels of pH 2.1, 4.?, 6.6, 8.0, 8.5, 9.5 and 10.0 were used in e- 
lectrophoresis. 

Chemicals: Tisslure culture medium was purchased from the Japan Flow 
Lab.Inc.Tokyo and other chemicals used were purchased from Sigma or 
Merck. 

RESULTS: 

Disturbing effect of classified sediment on L1210 cells: The classi- 

fied sediment with ethanol from sera of nude mice(BALB/c) and human 

was examined in the tissueculture of L1210 cells. The results of 

their saturation density on 5 day tisslle culture are shown in Table 1. 

Table 1. Disturbing effect of classified sediments with ethanol 
from sera of nude mice (ERLB/c) or human on saturation 

density of ~1210 cells on 5 day tissue culture 

Ethanol Saturation density a) (cells/ml) 

Nude (W/c) Human 
content content 

( % 1 1 q/ml 0.1 mg/ml 1 &ml 0.1 mg/ml 

1 0 - 30 2.9 3.2 3.0 3.1 
2 30 - 40 2.8 2.9 3.1 3.1 
3 40 - 45 1.9 2.9 2.8 3.2 
4 45 - 50 0.9 1.6 0.9 1.8 
5 50 - 60 1.8 2.7 2.1 2.8 
6 60 - 70 1.8 2.2 1.9 3.0 
7 sup. 2.2 2.9 2.6 2.9 

a) Values for triplicate experiments are given. 

Initial cell density was 5 x lo4 cells/ml 
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Table 2. Lifesaving effect of classified sediments 
with ethanol fran sera of nude mice (P&B/c) 

or human on L1210 cell transplanted mice 

Ethanol Nude mouse Human 

S.T.a' T/Cc' S T TIC 
( % ' (days' (t S.D.jb) % 1 (da& (t S.D.) (%' 

0 - 30 9.3 0.7 99 10.6 0.6 103 
30 - 40 9.0 0.0 96 10.0 1.0 97 

40 - 45 9.7 0.7 103 10.0 0.0 97 
45 - 50 14.3 0.7 152 19.6 2.6 190 
50 - 60 10.0 1.0 106 12.5 0.5 121 

60 - 70 9.7 0.7 103 10.6 0.6 103 

sup. 9.7 0.7 103 11.0 0.0 107 

Control 9.4 0.6 10.3 0.7 

a) S.T. : Survival term (days after cell inoculation) 
b) S.D. : Standard deviation 
c' T/C : Test by control on survival term (days) 

1 x lo6 L1210 cells were inoculated,and samole was injected 
(4 mq/bcdy,at day 1,3,5,7 and 9) into 20 g bDFl mouse- 
(five mice in a group) by i.p.. 

tive disturbing action on Among the samples No.4 showed the most effec 

proliferation of L1210 cells. 

Lifesaving effect of classified sediment on L1210 cell-bearing mice: 

The lifesaving effect of the classified sediment with ethanol from sera 

of nude mice(BALB/c) and human on mice with L1210 cells is shown in 

Table 2. Results indicated that the No.4 sample has an active life- 

saving effect in viuo. as it does in vitro. 

Purification of active factor: All steps were conducted at &"C un- 

iess otherwise indicated. A typical purification of T.D.F. was as 

foliows (Table 3). 

Acetone precipitation: Acetone, double the volume of serum, was 

added to the serum at -20°C. All the sediment was dried in vacuum 

after 1 hr. of precipitation at -2O'C. Seventy-seven and four-tenths 

grams of sediment(43 U/mg) was obtained from 1 L of human serum. 

Alcohol fractionation: Studies revealed that the greatest active 

fraction was found in the presence of 45 to 50% alcohol at 4'C. Eight 

and six-tenths grams of active fraction(208 U/mg) was obtained from the 

sampl(43 U/mg). 

522 



Vol. 120, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 3. Purification of T.D.F. 

Step Weight Protein NW Total Yield Total 
Units in each yield 

( % 1 step 
(%) ( % ) 

Human serum 1L 
Acetone ppt. 77.4 g 60.8 43 3328200 100 
Ethanol ppt. 8.6 g 84.3 208 1788800 53.7 53.7 
Sephadex G-200 1.57 g 87.4 660 1036200 58.0 31.1 
DEAE A25(NaCl) 196 mg 90.6 1040 203840 19.7 6.1 
DEAE ASO(NaC1) 24.5 mg 91.7 4139 101406 49.8 3.0 
DEAE A50(pH) 3.5 mg 93.5 10680 37380 37.2 1.1 
Electrophoresis 57 )‘g 99.3 100000 5700 56.2 0.62 

Sephadex G-200 gel filtration chromatography: At this stage of the 

purification, the major contaminating protein species were in the M.W. 

range of 60,000 to 80,000 daltons as determined by SDS-polyacrylamide 

gel electrophoresis. Ten grams of material from the alcohol fraction 

was therefore chromatographed~ on a 3.5~60 cm Sephadex G-200 gel column 

equilibrated in 0.05M Tris-He1 solution(pH 7.),4'C). The T.D.F. con- 

taining fractions were pooled, dialyzed against distilled water and 

precipitated with acetone. 

DEAE A-25 ion exchange cellulose chromatography with Nacl gradient: 

Five hundred mg of material from Sephadex G-200 gel filtration was 

chromatographed on a Z.lxi+O cm DEAE A-25 ion exchange cellulose Nacl 

gradient(O-0.5M) in 0.05m Tris-Hcl,pH 7.3(k°C). 

DEAE A-50 ion exchange cellulose chromatography with Nacl gradient: 

One hundred mg of material from the DEAE A-25 cellulose experiment was 

chromatographed on a 1.0~10 cm DEAE A-50 ion exchange cellulose with 

Nacl gradienf(O-0.5M) in O.lM Tris-Hcl,pH 7.3(4 C). 

DEAE A-50 ion exchange cellulose chromatographed with pH gradient: 

Fifty mg of material from the above experiment was chromatographed on 

al-.0x20 am DEAE A-50 ion exchange cellulose with pH gradient(pH 5.0- 

8.0) in O.lM Nacl aqueous solution. 

Preparative polyacrylamide gel electrophoresis: A thirty pg of 

sample from the above experiment in Tris-glycinate buffered solution 

(oH 8.3) was applied to a tube(0.5x9 cm) of 7% polyacrylamide gel 
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under 5 mA/tube for I!, hrs.. Three protein bands showed in the gel 

tubes were collected, mixed with 7 % new polyacrylamide gel and again 

poured into tubes of the same gel condition. T.D.F. in the gel tube 

was eluted by electrophoresis to the buffered solution(pH 8.3) for 15 

hrs.. The eluted sample was dialyzed in distilled water and precipi- 

tated with acetone. 

Gel electrophoretic analysis of T.D.F.: To determine the degree of 

purity of the T.D.F., in A second procedure the sample was electropho- 

resed at pH 2.3, 4.3, 6.6, 8.0, 8.5, 9.5 and 10.0 instead of the two- 

dimensional gel system. The sensitivity of the system was enhanced by 

a silver staining procedure capable of detecting less than 1 ng of 

protein per mm20f gel(13). The band of T.D.F. in the gel at pH 2.3, 

4.3 and 6.6 did not move at all by electrophoresis in a 3 mA/tube for 

4 hrs.. Only a single band for T.D.F. showed in the 7; polyacrylamide 

gel at pH 8.0, 8.5, 9.5 and 10.0 by electrophoresis in a 3 milltube for 

5 hrs., as shown in Table 4. 

Color reaction: T.D.F. showed a positive reaction with the Kinhydril 

reagent for protein. It also, showed a positive reaction with anthrone 

, Modish and the periodic acid reagents for carbohydrate. 

Molecular weight: To determine the M.W. of T.D.F., it was electro- 

phoresed at pH 7.0 in 7 or 10% polyacrylamide gel (0.5~21, cm tube) in 

a 4 mA/tube for 7 hrs. at 4 C.. The presumed M.W. of T.D.F. was indi- 

Table 4. The degree of purity for T.D.F. on electrophoresis 

No. gel PH charge time Detection 
(hr) 

Rf 

1 2.3 4 0 
2 4.3 4 0 
3 6.6 3 0 
4 0.0 5 0.33 single band 
5 0.5 5 0.51 single band 
6 9.5 5 0.74 single band 
7 10.0 4 0.81 single hand 

7% polyacrylamide gel (0.5 x 12 an),3 nA/tube charge, 
sample scale are 50 ygltuba or 100ygltube. 
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Table 5. SDS-polyacrylamide gel electrophoresis 

lO%gel : 1st experiment 

sample M.W. Rf 

T.D.F. 0.153 
Transferrin 74,000 0.154 
Albumin(horse) 70,000 0.185 
Albumin(egg) 45,000 0.401 
Trypsine 23,300 0.716 

C ytochrane C 15,600 0.906 

- 
7%gel : 2nd experiment 

sample M.W. Rf 

Hexokinase(yeast) 104,000 0.159 
T.D.F. 0.635 
Transferrin 74,000 0.639 

Albumin(horse) 70,000 0.714 
Albumin(humn) 69,000 0.738 

Albumin(calf) 65,400 0.802 

M.W. : Known molecular weight 

cated as 74,100-74,300 daltons in the first experiment, and it was 

presumed as 74,100 daltons in the second experiment(Table 5). 

DISCIJSSION: 

The scheme used to isolated T.D.F. is summarized in Table ?. In 

this particular purification, the starting material had a speci.fic 

activity of approximately 43 U/mg, and the specific activity of the 

final product increased about 2,300-fo1.d to a value of 1~10~ U/m&. The 

yield of T.D.F. was very low, being in the range of 0.1 to 1.0% of the 

starting material. The major loss of mat,erial occurred at the DEAE A- 

25 ion exchange cellulose chromatography step. Nonetheless,the puri- 

fication yielded 57 tig of active material from 1 L of human serum. 

There have been many reports of protein with M.W. in the range of 

64,000-84,000 and in relation to human tumor or human serum,., for ex- 

ample,differentation markers in human malignant melanoma(l4), T cell 

factor(l5), T lymphocyte I region anti,gen(lb),viral polypeptides(l7), 

dimer fibloblast interferon(lS), T cell surface protein(l9,20), thymes 

and T cell antibody(21), migration inhibitory factor(MIF)(22), surface 

protein of SV-40 transformed ce11(23), thymocyte-activating factor(24), 

receptor for tumor-associated fetal antigens(25), receptor for 1$(26), 

human liver derived inhibitory protein(LIP)(27),human serum spreading 

factor(28) and B 73.1-defined antiqen(29). It is surprisin; to find 

the same known compounds with the same M.W. value and the same physio- 

logical activity. 

The activity of T.D.F. against sarcoma-180 cells on the prolifer- 

ati_on of the tissue culture showed 1x10 5 U/mg in the dilution method, 
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and the degree of intensity of this special activity was almost the 

same as the activity against L1210 cells. This active factor has a 

disturbing effect on the saturation density of proliferation in tumor 

cells, but showed no killing effect against tumor cells or normal cells 

from rat liver. 
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