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I. DNA SYNTHESIS IN TUMOR-BEARING RATS
 PURIFICATION OF LIVER THYMIDINE KINASE STIMULATING FACTOR

FROM YOSHIDA SARCOMA.



SUMMARY

Yoshida saréoma,cells contain a factor that stimulates
thymidine kinase activity in the liver of mice in vivo; intra-
peritoneal injection of an éxtract from Yoéhida saxcoma into
normal mice Qtimuléted their 1ivér thymidiné kinase activity
. 2- to 3- fold, whereas injection of a crude extract of normal
rat llver did not stimulate the activity at all. ‘ . -

A factor that stimulates the de novo synthesis of
thymidine kinase in the liver was éartially purified from
Yoshida sarcoma by aﬁmonium sulfate fractionation, DEAE-
cellulose column chrométography and gel filfration. It
appeared to be thermolabile. These results suggested thét
it was high-molecular weight protein. Intraperitoneal in-
‘jection of this factor into 67% hepatectomized rats stimulated -
thymidine kinase activity 2- to 3-fold. Increase of liver
thymidine kinase activity after injeétion of.the factor into
mice was blocked by simultaneous injection of actinomycin-D.
Activities.of other DNA synthesizing enzymes; cytiaine tri-
phosphate (CTP) synthetase, rlbonucle051de dlphosphate re-
ductase, deoxycytldlne monophosphate (dCMP) deaminase, o~
.thymldlne monpphosphate (dTMP) synthase and DNA polymerésey
were increased by injection of this factor; These resﬁlts
suggest that this factor stimulates de novo synthesis of

thymidine kinase and stimulates DNA synthesis in the liver.
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IRTRODUCTLION
A number of in vivo studies on the host-tumor relationship

have been repertedl'2;3’4'7'13’16’22’23’24). Several investi-

gators7'l3’16’22) have shown an increase of -the incorporation of

labeled precursors 1nto DNA of normal tissues in tumor-bearing

16)

‘animals. . Increases of size of various organs
2,24)

, and parti-

, of tumor-bearing animals have also
3,4)

cularly the spleen
been reported. Cerecedo et al. observed increase of the
nucleic acid content of the liver and lung in mice with trans-

3)

planted tumors. Morgan and Cameronl reported increases of
the DNA content and of DNA synthesis in the liver and spleen
of tumorebearing mice, the latter being at least twice that

in control animals. Previously, we reported that incorporation

of thymldlne 1nto DNA 1ncreased in the llver and spleen of rats

,bearlng Yoshlda sarcoma (SOlld type) or AH—130 (solld type),.

and that the thymidine kinase and DNA polymerase activities

increased in the liver andAspleen of these ratszo).

7)

Roundsl and Rubinl8) found that culture media of Rous

sarcoma cells and human cancer cells contained growth stimu-

14,15) reported that a

lating substances. Nair and DeOme
soluble fraction, prepared from spontaneous primary mouse mam-—

mary solid tpmors, stimuiated the growth of density—inhibiteé
mouse embryo cells in monolayer culture. These results suggested
- that some substances that affect DNA synthesis in various e
tissues may be released from tumor tissue.

This paper reports the existence of the factor in Yoshida

sarcoma cells that causes the increase of liver thymidine kinase



activity and the partial purification of this factor.

character of this factor is also reported.

The



MATERIALS AND METHODS

Animals Male ddY mice and male Donryu strain rats, both

3 to 4 weeks old, weré ébtained from Kitayaﬁa LABES Co.,
Kyoto. They were hqused in a consﬁant fempératureiroom with
lighting from 8 a.m. to 8 p.m., and were fed'on a commercial
'solid feed MF (Oriental Yeast Co., Tokyo) -

Tumors . Yoshida ascites tumor cells were maintaiﬁed in the
peritoneal cavity of Donryu strain rats by weekly transfer.

‘ Ascites fluid was harvested 7 days after inoculatioﬁ of cells.
Tumor cells were collected by centrifugation at 1,500 x'g

for 1 min, washed 3 times with 0.9% NaCl solution and stored
at —-20° until used. Solid type Yoshida sarcomas were induced
by transplanting 5 x 107 ascites cells into the subepidermal
'tissues of the back of Donryu strain.rats; | :

Chemicals [14c]-Thymidine was obtained from New England

Nuclear, Boston, Mass. Unlabeled thyﬁidine and bovine serum

~ albumin were obtained from Sigma Chemicél Co., St. Louis, U.S.A.
.VDEAE—celiulose'(DE—ZB) was obtained from'Whatman, éﬁd Seéhadex‘
G-200 was obtained from Pharmacia Fine Chemical Co. Cartief

~ ampholines were purchased from LKB-Produkter AB, Stockholm,
Sweden. DEAE-cellulose paper was obtained from Toyo Roshi Co.,
Osaka. All chémicals used were of the highest commercial

_ gréde available.

Liver of Tumor-bearing Rats Male Donryu strain rats were in-

oculated subcutaneously with 5 x 107 ascites cells. They were

killed at the time indicated and their liver was thoroughly
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perfused with 0.9% NaCl solution and removed. Samples of 1 g
of liver were homogenized ih 5 ml of 0.1M Tris—HCL buffer (pH
8.0) containing 5mM 2;mércaptoethanol in a Potter homogeﬁizer.
The homogenatesrwere centrifuged at 8,000 xig for 30 min, and
- the supernatants-wefe used for estimation of,enzyme activities.
»Bioassay of the Factor Affecting Thymidine Kinase Activity |
and Acti?ities of Other DNA Synthsizing Enzymes in the mouée
Liver Samples were injected intraperitoneally into normal
ddY mice every 12 hr, and the mice were killed 48 hr after
the first injection. ‘The liver was rapidly removed and washed
with cold 0.9% NaCl solution. B |

Whole liQer was hoﬁogenized in 5 ml of 0.1M ?ris—HCl:buffer
(pH 8.0) containing 5mM 2-mercaptoethanol in a Potter homogenizer.
The homogenates'were centrifuged_at:BFOQQ x g fqr_30 min, apd 7
the supernatants were used for estimation of .thymidine kinasé
activity. The supernatants were further centiifuged at 105,000
x g for 1 hr, and the resultant supernatants were used for assay
of CTP synthetase,dCMP deaminase and DNA polymerasé, For assayr
of 4dTMP synthase and ribonucleoside diphospﬁaté'reductase, three

samples of the supernatants obtained after ultracentrifugation

o

were collacted and treatOd with streptomy01n sulfate at l
- final concentration.and centrifuged at 8,000 x g for 20 min.

The resulting supernatants weré fractionated with 0-35% ammonium
sulfate (ribonucleoside diphosphate réductasé) and were centrifﬁged
at 8,000 x g for 20 min. The resultant suéernatant were furthef
-fractidnated with 35-65% ammonium sulfate (dTMP synthase) and

were centrifuged at 8,000 x g for 20 min. The pellets obtainéd



by centrifugation were dissolved in %0mM potassium phosphate
buffer (pH 7.0) containing 25mM XCl and 5mM MgCly (ribonucleoside
diphosphate reductasei or 50mM Tris-HC1l buffer (pH 8.0). con- |
talnlng 5mM 2~mercaptoetnaaol and 1mM EDTA (dTMP synthaso),
respectively, and dlalyzea against the samc buffer over night,
and used»for enzymatic assay. Partial hepatectomy was performed
by the procedure of Higgins and Andersons). ‘ - i

Assay of Thymidine Kinase Thymidine kinase was assayed as

reported previouslyzo). The reaction mixture contained, in a
final volume of 0.25 ﬁl, 6.25 Pmoles of Tris—HCl buffer'(pH 8.0),
12.5 nmoles of [2-14C]—rhymidine (300,006'epm5, 1.25 pmoles

of MgClz}'l.ZS Fmoles-of ATP, l.S.Pmolee of<L—glyeerophoséhate
and 0.2 ml of enzyme'solution. After incubation for 30 min

at 37°, the reactlon was. termlnated by heatlng the mixture in alb;__~_
b0111nngterbath for 3 min and the mixture was centrlfuged at .
3,000 rpm for 10 min. Then 100 pl of the supernatant was applied
ro DEAE-cellulose filrer paper diecs. Thymidine was washed off
with 1mM amﬁonium_formate and the radioaetivity reﬁaining on

the paper was counted in a toluene scintiilator [POPOP (0.1 g/
liter) and PPO (4.0 g/liter) in toluene] with a Packard liquid

scintillation spectrometer.

Assay of CTP Synthetase  The assay conditions were essentially

as described by Williams et al.zs). The reaction mixture in

total volume of 0.20 ml consisted of 70 mM glycyl-glycine buffer -
(pH 7.4), 18 mM MgCl,, 10 mM 2-mercaptoethanol, 10 mM L—glutamiﬁe,

8 mM ATP, 1 mM GTP, 8 mM phosphoenolpyruvate, 10 mM NaF, 0.2 mM



[4—14C]uUTP (0.04 pCi/tube) and enzyme solution (0.1 ml). rAfter
incubation at 37° for 30 min, the reaction was terminated.by
heating the mixture in a boiling we!or bath for 3 mjﬁ. The amount
of CTP formed was determined by converting UTP and CTP to their
corresponding nucleosides, i.e., Urd and de, by gdding 50 Pl of
apyrase (20 mg/ml):and 50 pl of élkalgﬁe phpsphatése (20 mg/ml),
and separating the nucleosides on a column of Dowex 50W x 8 (5t form,
0.5 x 3 cm): l4c-urd was eluted with 1 mM HC1 (5 ml) and 14C—Cyd
with 3M lithium hydroxide (LiOH, 3 ml). Then 1 ml of the elu&te
with 3M LiOH was places in a vial, mixed with the toluenefTriton
X-100 scintillator (10 ml) [toluene and Triton X-100 were in the
ratio 2:1, containing POPOP (0.1 g/liter). and PPO (4.0:g/liter)

in toluene] and 60% perchloric acid (0.3 ml) and kept at room
temperature for at least 1 hr, and then the radioéctivitf was

counted in a scintillation counter.

Assay-of Ribonucleoside Diphosphéte Reductase ° Assay of ribo- = -.

nucleoside diphosphate reductase activity was based on the prin-
ciple deécribed by Steeper and’Steuartzl). The reaction mixture,
consisting'of 10 mM DTT, 4 vaATP, 1.3 mM FeCl3y, 5 mM NaF, 3 mM

: magnesium acefate, 50 mM potassium phosphate buffer (pH 7.0),
0.125 mM [(U)-14C] CDP (0.4 pCi/tube) and 0.1 ml of enzyme so-
Jution in a fbtal volume of 0.3 ml, was incubated at 37° for 60
min. The reaction was terminated by heating the mixture in a
boiling water bath for 3 min. Then 50 pl each of 4 mM dCyd,
apyraée solution (20 mg/ml) and alkaline phosphatase solufion

(20 mg/ml) were added succéssively gnd'incubation was continuéd

for 60 min. The solution was then boiled at 100° for 3 min and

centrifuged at 3,000 rpm for 10 min. A sample of 250 pl of the

~10-



supernatant was loaded onto a 0.5 x 3 cm Dowex 1 x 4 (borate
form) coloin. A[14C]dCyd wés elured with 3 ml of water, and

the radiocactivity of“l ml of the eluate was counted as de—.

scribed above.

Assay of aCmp Deaﬁinase dCMP deaminase was assayed by a

slight modification of the method of Maley and Maleyll). The

reaction.miXture in a final volume of 6:25 ml conéisted o% 20 mM
potassium phosphate buffer (pH 7.0), 2 mM MgCly, 20 mM NaF,

0.05 mM GCMP, 2 mM [5-3H.] dCMP (1 pCi/tube) and the enzyme
solution (0.20 ml). AAfter incubation for 30 min at 37f, the
reaction was terminateé by heating the mixture in a boiling
water béth for 3 min. Then 50 pl of apyrase solution (20 mg/ml)
and 50 pl of alkaline phosphatase solution (20 mg/ml) were
added and the mixturés_wefe incubated further for 60 min at 37°.
fhen the reaction was stopped by>hea£ing and thé mixture.was
centrifuged at 3,000 rpm for 10 min. The dﬁ;d and Ura in the
supernatant (0.2 ml) were separated from dCyd on a célumn of
Dowex 50 x 8 [H+form] (0.5 x 3 cm) eluted with 0.1M HC1 (2 ml).
A sample of 1 ml of thé eluate containing dUrd and Ura was
mixed with scintillator (10 ml) and ifs radioactivity was
.counted as déscribed—above. |

Assay of Thymidylate Synthase The assay method was essentially

as described by Dunlap et gi.s)

. The assay mixture in é»total
-volume of 0.5 ml consisted of 0.1M potassiqm phosphate buffer
(pH 7.0), 0.2 mM dl,L—s,10—methylenete*;rahydrofolate, 5 mM NaF,;
5 mM sodium hydrogen carboxide; 7 mM formaldehyde, 25 mM 2%
mercaptoethanol, O;l mM [5—3H]dUMP (0.16 pCi/tube) and enzyme

solution. A solution of dl,L-5,10-methylenetetrahydrofolate
-11~



was prepared under a nitrogen atmosphere just before the
assay- After incubation for 15 min at 37° under nitrogen,
the reaction was terminated by adding 10% perchloric acid
(0.1 ml). The mixture was centrifuged“i3,060 rpm,-io min),
0.2 ml of'charcoal suspension in water (80 mé/ml) was added
and the ﬁixture was recentrifuged (3,000 rpm, 10 ﬁih). Then
0.2 ml of the supernatant containing released tritiated water
was mixed with scintillator (10 ml) and its radioactivity was
measured as described above.

Assay of DNA polymerase The reaction mixture in a final

volume of 25 pl consisted of 50 mM Tris;ﬁci (pH 7.9),A6 mM
magnesium acetaté,‘l mM DTT, 16% glycerol, calf sefum albﬁmin
(10 pg), calf thymus activated DNA (10 pg), 0;1 mM 4dATP, 0.1 mM
dcTP, 0.1 mM AGTP, 0.1 mM [Methyl-3H] 4TTP (5 pCi/tubé) and
enzyme solutionlz). After 30 min incubation at 37°, the re-
action was stopped by cooling in an iée bath, and the whole
reaction mixture waé applied to Whatman DEAE—cellulgse (Dﬁ81)
filter paper discs. Frée dNTPs were wasﬁed off wiéh 5% agqueous
dipotassium hydrogen phosphate and the radioactivityvremaining

on the paper was counted in a toluene scintillator system as

described above.

Protein Assay Protein was determined by the method of Lowry
ggigi.lo) using bovine serum albumin as standard.
Purification Methods Unless otherwise iﬁdicated,_all pro-—

cedures were performed at 0-5°. Frozen Yoshida sarcoma ascites

tumor cells (80 q) ﬁere homogenized with a Potter homogenizer

in 180 ml of 50 mM Tris-HCl buffer (pH 8.0). The homogenate

-12-



was sonicated (60 W for 2 min) and then centrifuged at 105,000
x g for 1 hr. The resulting supcernciant was slowly mixed with
solid ammonium sulfate to give 60% saturation. ° The mixturev
was stirred for an additional 1 hr, stood for i hr, and then
centrifuged at 16,060 x g for 20 min. »&he precipitate was
suspended. in 50 ml of 50 mM Tris-HC1l buffer (pH 8.0), and
dialyzed against the same buffer with frééuent changes of éhe
buffer. The supernatant obtained after addition of 60% -
saturation of ammonium sulfate was also dialyzed against

the- same buffer.

DEAE-cellulose Chrbmatoéraphy The ammonium sulfate fraction

. (0-60%) was applied to a DEAE-cellulose column (3.5 x 37 cm)
equilibrated wifh 50 mM Tris-HCl buffer (pH 8.0). AThe column
was Qashed with 10 volumes of the same buffer at a flow rate
of about 100 ml/hr, and then eluted stepWiSe,"Mosﬁ'of TSF
activity was eluted with 0.2M NaCl in 50 mM Tris-HCl buffer
(pH 8.0). This fraction was dialyzed against 50 mM Tris-HCL
buffer (pH'S.O), and then lyophilized and stored at -20°
until used.

Sephadex G-200 Gel Filtration The lyophilized preparation of

TSF from the bﬁAE—céLlulose column (250 mg protein) was dis-
solvea in 5 ml'of 50mM Tris-HC1l buffer (pH 8.0) and applied
to a Sephadex G-200 column (2.7 x 52 cm) equilibrated with

50 mM Tris-HC1l buffer (pH 8.0). The column was then eluted
with the éame buffer at a flow rate of 30 mi/hr.

Isoelectric Focusing The fraction containing TSF from the

-13-



Sephadex G-200 column was subjected to isoelectric focusing

as described by Sedwigk gz.gl.l6) using on LKB qolumn (110 ml).
A mixtufé of 40 ml of Fraction I, and 0.5 ml of 40% carrier
ampholyte was introduced into a 0-50% Sucroée gradient con-
taining a gradient‘of 0.5-1.5% carrier amphdiyte. Isoelectric
focusing'was carried out at 450_V for 2 days at 0°, and then
~the pH value of eécﬁ fraction (2 ml) was measured at 4° with

a Hitachi-Horiba pH-meter.

-14~



RESULTS

Effect of Actinomycin-D on Thymidine Kinase Activity in the

Liver of Tumor-bearing Rats We reported previously that

incbrporation of thymidine into DNA increéséd in the liver

ana spleen of rats bearing Yoshida sarcoma]df AH-130, and that
the thyﬁiaine kinase and DNA poiymerase activities were also
increased in the liver and spleen of these rats. Liver thymidine
kinase decreased after removal of the Yoshida sarcomaZ®).

The mechanism of increase of thymidine kinase activity on im-
pléntation of the tumor was studies using actinomycin-D,.a
potent inhibitor of mRNA synthesis. Aé'shéwn in Fig. 1, a
single injection of actinomycin-D at this dose did not affect
the enzyme activityAin the tumor, but reduced the enzyme
,levels in the liver by 70 and.lOO% after 5 and 12 hr, res—
pectively. These results suggest the existencg in tumor

cells of some substance that can stimulate thyﬁidine kinase
activity in .the iiver. Therefore, attempts were made to
isolate this substance from Yoshida sarcoma cells. ]

Effect'of Injection (ip) of Cell-free Preparations from Yoshida

Sarcoma and Normal Rat Liver on Thymidine Kinase Activity in

Eﬁe Liver of Normal Mice A 30% homogenate of Yoshida sarcoma
in 50 mM Tris—ﬁCl buffer (pH 8.0) was sonicated (60 W for 2 min)
and then centrifuged at 105,000 x g for 1 hr, and the effect of
the resultént supernatant on liver thymidine kinase was compared
with that of a similar preparation from normal liver. As shown

in Table I, liver thymidine kinase activity of normal mice was

-15—



increased by intraperitoneal injection of thé supernatant ffom
Yoshida sarcoma, but not affected by injection of the supernatant
from Norﬁal rat liver or Tris—HCl‘bﬁffer alone.- Thymidine kinase
activity in the liver of normal mice injected with ‘homogenate
from normal rat liver decreased more than that of control mice
injected'with Tris-HC1l buffer. This diﬁference may_be bedquse
normal adult rat liver contains a growth inhibitorg). The ac- -
tive substance in Yoshida sarcoma was designated as the "liver

thymidine kinase stimulating factor (TSF)".

Pufification of Liver Thymidine Kinase Stimulating Factor (TSF)

As shown in Table i, intraperitoneal:injection of a crude ex-
tract of Yoshida sarcoma into mice increased their liver thymidine
kinase activity. Therefore, we attempted to purify the factor
responsiblé for this increase from Yoshida.sarcoma. Table II,
shows the resﬁits of ammonium sulfaté fra&fidpafioh 6£“f§FL MKSJ o
shown in Table II, TSF was precipitated'with 66% saturétion of

ammonium sulfate. The ammonium sulfate fraction was subjected

to the DEAE—cellﬁlose chromatography ahd“gel filtrdtion accord-

ihg to "Materials and Methods". Fig. 2 shows the elution pattern
of protein and the liver thymidine kinase stimulating factor (TSF)
6btained from chromatography on DEAE-cellulose. TSF eluted with
0.2M NaCl in 50 mM Tris-HC1l buffer (pH 8.0). TSFVfrom DEAE~-
cellulose was applied to Sephadex G-200 column. Fig. 3 shows

the results obtained from gel filtration. As shown in Fig. 3,
TSF was found in the void volume on'gelvfiltration. The results .

at each step of purification are summarized in Table III. One

-16—



unit of TSF is defined as that quantityiinducing an increase
in specific activity qf liver thymidine kinase of 0.1 nmol/mg
proteinﬁl Fig. 4 shows the dose*response curve 6f TSF in DEAE-
cellulose fraction.: The increase of thymidine kinase activity
~was linear up to 10 mg proteins.

Characteristics of TSF  As shown in Table IV, TSF was inac-

tivated by heating at 100° for 5 min. This property indicated .
tha£ it is probably a thermolabile protein. Addition of TSF

to the reaction mixture for assay of‘thymiaine kinase did not
afféct the activity. The isoelectric point of TSF was about
6.0 (Fig. 5).

Increase in Liver Thymidine Kinase Activity in Mice after-

Injection of Partially Purified TSF A single injection of

a crude extract of tumor containing TSF did not affect the

livéf thymidine kinase activity of ﬁormal”micé. However,

a single injection of partially purified TSF from the DEAE-
cellulose column increased their liver thymidine kinase ac-
tivity. As shown in Fig. 6, fhe increase of thymidine kinase
activity in the liver of mice was detectable 36 to 40 hr after

a sihgle injeqtion of this fraction. This increase in enéyme
activity was inhibited by simultaneous injection of~actinomycin—'

D (Table V).

Effect of TSF on Thymidine Kinase Activity during Liver

Generation TSF also increased thymidine kinase activity

during liver generation. As shown in Fig. 7, when TSF was

injected intraperitoneally into normal rats 12 hr before

-17-



partial hepatectomny, ﬁhéir liver thymidine kinase activity
increased slightly by'19 hr after partial hepatectomy and
became 2 to 3 times the level of the control group at 24 hr
after partial hepatectomy. Injection df onine se}um albumin
.or Tris-HCl buffer did not cause similar stimulation of
thymidiné kinase‘activity.

Effect of TSF on Activities of Other DNA Synthesizing Enzymes

in the Liver of Normal Mice Activities of CTP synthetase

ribonucleoside diphosphate reductase, dCMP deaminase, dTMP
synthase and DNA polymerase were assayed simultaneously'with
thYmidine kinase. As shown in Table VI, éctivities of CTP
synthetase and dCMP deaminase increased about 2.4 times cémpared
with the values from control experiments. Activities of dTMP
synthase and DNA polymerase incfeased about 1;2—1.3:times
compared with the values from control experiméﬁts. The activity
of ribonucleoside diphosphate reductase were detected in the
samples from mice injected TSF, though the activiﬁy'of this

enzyme in the control group were not detected.

-18-



DISCUSSION
Studies ontﬁe effects of tumors on the metébolism of host
tissues are of particular importanée ih_understanding the de-
leterious effects of tumors on thé host: Several investigators
have.reported that the presence of tumbrs in the body markedly
affected the metabolism of host'tissuesl' 2, 3, 4, 7, 13, 16,

22, 23] 24)

Previously we foundzo)

that the activities of thymidine
kinase, TMP kinase ana DNA polymerase in the livervof tumor-
bearing rats increased markedly during tumor growth, ana that
removal'éf the tumors résulted in rapid decrease o£ liver_thy—

midine kinase activity. We also found that injection of ac-

tinomycin-D into tumor-bearing rats caused a rapid decrease of

liver thymidine kinase activity. These results suggest that- - - ----

the change in enzyme activity in the host tissues may be caused
by some substance released from the tumor cells, the results
on the effeét of actinomycin-D on thymidine kinase suggest
that this substance stimulates gg_ggzg-synthesis of thymidine
kinase in tumo;-bearing rat liver. In the present study, we
partialiy purifiedAthis factor (TSF) by ammonium sulfate pre-
cipitation, DEAE-cellulose chromatography and Sephadex G-200
gel filtration. The purified TSF was reéovered in 120% yield
and its specific activity was about 55 times that of the high
speed supernatant. At ammonium sulfate fraction, yield in-
creased remarkably.s Although this reason is not clear, there
is a possibility théﬁ at this step sdﬁe factor which iﬁhibited,
the increase of liver thymidine kinase ‘separated from TSF. We

showed that TSF was eluted in the void volume on gel filtration

© 19—



on a Sephadex G-200 co}umn and that its isoelectric point was
about pH 6.0. These gesults indicate that TSF is an acidic
high molecular Weight protein. As shown in -Table Vj the in-
crease of liver thymidine kinase activity of mice after in-
jection of TSF was inhibited by treatment with actipomyeinTD,
suggesting that.TSF increases ég novo synthesis of-thymidine
kinase in the liver. It seems that the increase of liver
thymidine klnase of tumor bearing rats that we observed pre—

0)

v1ously2 was a s1m11ar phenomenon to the increase of liver
thymldlnek;naseln mice after 1njectlon of TSF. Act1v1t1es
of other DNA synthe8121ng enzymes also increased by 1njectlon
of TSF.  This result suggests that TSF stimulates DNA synthesis‘
iﬁ the liver. |
iaBrecque et 31.8) reported a factor in weahlihé rat

liver that stimulated DNA synthesis during heéétic regeneration.
They found that extracfs of weanling rat livef contained a

hlgher level of the hepatlc regenerative. stlmulator substance

(SS) than extracts of adult liver. However thlS substance (SS)
probably differs from TSF because 1t»Was eéable on heat— |
tfeatment at 100° for lS min and its molecular welght was

10,000, whereas TSF was heat-labile and had a higher moleculerpwu
weight; ‘ | - :

14, 15,

Several investigators 17, 18) have_reported the

- existence of a growth-stimulating substance in tumor cells.
In most of these Studies, the activity of the growth stimulating.

factor has been assayed on cultured normal cells. Although
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it is impossible to compare these factors and TSF because of
the diffgrénce of the assay system, the relation of these
factors may be clear, since we intend to purify TSF using the
cell culture system. Further purification éhd characterization

of TSF are in progress.
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Table 1. Effect of Injection of Cell-Free Prepatations
_from Yoshida Sarcoma and_Normal Rat Liver on

Liver Thymidine Kinase Activity of Normal Mice

Thymidine kinase actiVity

Material injected (nmol/mg protein)

50 mM Tris-HCl buffer : . " 0.161 * 0.009
({pH 8.0) (control)

Normal rat liver extract o 0.117 * 0.018
(20 mg protein/mouse)

Yoshida sarcoma extract 0.228 ¥ 0.081
(20 mg protein/mouse)

Values are means ¥ S.D. for 5 mice.
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Table IT. Effect of Injection of Ammonium Sulfate
Fractions of Yoshida Sarcoma on Liver

Thymidine Kinase Activity of Normal Mice

Ammonium sulfate Thymidine kinase activity

fraction (nmol/mg protein)
50 mM Tris-HCl buffer : 0.16 £ 0.02
(pH 8.0) (control) : - T
0-60% Ammonium sulfate 0.44 * 0.10 )
precipitate -
0-60% Ammonium sulfate 0.23 X 0.06
supernatant : :

The ammonium sulfate fractions indicated (5 mg protein)
were injected (ip) into mice. Values are means i S.D.

for 5 mice.
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Table IV. Characterization of .TSF

Thymidine kinase activity

Sample (nmol/mg protein)
50 mM Tris-HC1l buffer - 0.15 * 0.08
(pH 8.0) (control) .
Untreated TSF ' 0.99 * 0.18

Heated TSF (100°, 5 min) 0.23 ¥ 0.08

The effects of héat on TSF were tesfed on the
preparation from DEAE-cellulose. TSF (10 mg
proteiﬁ/ml) was boiled at 100° for 5 min and
then centrifuged ét 3,000 rpm for 10 min, and
the clear supernatant was tested for thymidine
kinase stimulating activity. Samples (1 ml)
Weré injected (ip) into mice.

Values are means ¥ S.D. for 5 mice.
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Table V. Effect of Actinomycin-D on Thymidine Kinase

Activity in the Liver of Mice after

Treatment with TSF

Thymidine kinase activity

Treatment (nmol/mg protein) -
50 mM Tris-HCl buffer 0.169 * 0.067
(pH 8.0) (control)
TSF (4 mg protein/mouse) ' 0.426.i 0.117
Actinomycin-D (40 pg/kg) 0.104 * 0.023
TSF (4 mg protein/mouse) 0.180 * 0.076

+ actinomycin-D (40 p9/kg)

Actinomycin-D (40 pg/kg) was injected (ip)

the same time as TSF (4 mg protein/mouse),

into mice at

and mice were

killed 40 hr later for measurement of thymidine kinase -

“activity. Values are means t S.D. for 5 mice.
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Fig. 1. Effect of intraperitoneal administration of
actinomycin-D on liver and tumor thymidine kinase
activities of rats bearing Yoshida sarcoma (solid type)
Actinomycin-D (40 pg/kg) was administered 7 days
after tumor transplantation and then thymidine kinase
activity in the tumor (-4-) and liver (-O-) were determined
at intervals. The enzyme activity of controls injected
with saline was taken as 100%. Points and bars are means
and S.E. of values in 8 to 10 animals.
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V:Fig. 2. DEAE-cellulose column chrdmatography of TSF

isolated from Yoshida sarcoma

An aliquot (200 ml) of the ammonium sulfate fraction
(0-60%) containing 5 g protein was applied to a DEAE~
cellulose column. The column was eluted stepwise with
0.2M, 0.4M and 1.0M NaCl in 50 mM Tris-HCl buffer (pH 8.0).
Fractions of 15 ml were collected. Portions of each
fraction (5 mg protein) were injected (ip) into mice.
The upper panel shows the elution pattern of protein from
the column and the lower panel shows the liver thymidine .
kinase activity of mice. Points and bars are means and
S.D. of values in 15 animals.
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‘Fig. 3. Gel filtration on Sephadex G-200 of TSF from
Yoshida sarcoma

The fraction containing TSF from the DEAE-cellulose
column (Fig. 2; Fraction 2) was applied to a Sephadex G-200
column. Fractions of 5 ml were collected and the total
eluate was divided to four fractions . (Fi1-F4) as shown in
the figure. Each fraction (1.5 mg protein) was assayed
for stimulating activity. The upper panel shows the elution
pattern of protein and the lower panel shows liver thymidine
kinase activity. Points and bars are means and S.D. of
values in 15 animals. : '
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Fig. 4. Dose~-response curve of partially purified TSF

Mice were injected (ip) with different dose of TSF
(DEAE-cellulose fraction). Points and bars are means and
S.D. of values of 5 mice.

-33-~



2r e -
/”’, —8
” ’/' ’z\
- x’, 1. E
N ] - ’," DEC./
@) -
B ~H_ F2 Q
O s ] H i
O
L~
£
@
3
o
&-0.5-
o o
o = T
e -
s~ O
L E e}
C
o, ~— (o)
= 1
}— ———
K] L
L 1 i | - | 1 » 1L '
Comt. i F2 B F& F Fs
Fig. 5. Isoélectric focusing of TSF isolated from Yoshida
sarcoma : :

The fraction from Sephadex G-200 gel (Fig. 3; Fraction 1)
containing 22 mg protein was directly subjected to isoelectric
focusing. Fractions of 2 ml were collected and the total
eluate was divided to six fractions as shown in the figure.
Each fraction was dialyzed against 50 mM Tris-HCl buffer

(pH 8.0), and assayed for stimulating activity. The upper
panel shows the elution pattern of protein ( } and the

pH (---), and the lower panel shows liver thymidine kinase
activity of mice. Points and bars are means and S.D. of
values in 15 animals. ’ '
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IX.

GROWTH FACTOR FROM YOSHIDA SARCOMA AND

AH-130 TUMOR CELLS
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SUMMARY

Suitable conditions for'assay of the growth factor
from Yoshida sarcoma and AH-130 tumor cells were investigated
ﬁsing three different cell lines: baby hémster kidney (BHK)
cells, human embrfonic lung (HEL) cells and Swiss Albino -
mouse 3T3 embryo fibroblasts cells. Results indicated that
the 3T3 cell line was mofe sensitive to the growth stimulating
activity than the other two lines. A fraction of Yoshida
sarcoma tumor cells containing the growth factor showed less
growth stimulating activity, than a fraction Qf AH-130 tumor
cells prepared by the same method. Using the 3T3 cell line
for assay of activity, the growth factor was partially
purified from AH-130 tumor cells by ammonium sulfate frac-
tionation, DEAE-cellulose column chromatography and gel
filtration on a Sepharose-4B éolumn. It appeared to be
thermolabile, and its molecular weight was estimated as
900,000 by gel filtration on Sepharose-4B. These findings

suggest that it is a high-molecular weight substance.
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INTRODUCTION
Growth-stimulating factors capable of initiating
proliferation of most animal cells in vitro have been

obtained from various organs. For instance, EGF (epi-

) 4)

dermal growth factor)3 and NGF {(nerve grdwth factor)l*

Were obtained from submaxillary gland, FGF (fibroblast

growth factor) was found in pituitary and braing), a
growth factor was isolated from cartilagel3) and ovarian
growth factor was iéolated from bovine pituitarle). In

addition, growth-stimulating factors were isolated from

15,19,20)

conditioned medium of cultured tumor celis and

tumor tissuesB’ls). Furthermore, Todaro et al. found an

EGF-like growth factor in serum-free medium from transformed

6)

cell cultures ', an IGF (insulin-like growth factor)-1like

growth factor in serum-free medium of human. fibrosarcoma

5)

, and an NGF-like growth factor in human melanoma

cel1s2?) | Nishikawa et gl.17)

cells
also observed FGF-like ac-
tivity in an extract of Rhodamine fibrosarcoma.‘

We previously repotted the partial purification from
tumor tissﬁes of a factor stimulating the éctivities of DﬁA
:synthesizing enzymes in‘the liver in Xizgll). -The fact
that the putifications of growth factors from various tumor
tissues héye frequently been followed by_asséys in cell
cultures led us to reexamine the conditions for assay of our
factor in vitro. 1In this work we examined conditions for

assay of the growth factor from Yoshida sarcoma and AH-130

tumor cells using three different cell lines.
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MATERIALS AND METHODS

Materials Fagle's minimum essential medium (MEM) and

glutaminerwere purchésed from Nissui Seiyaku Co. Dulbecco's
modified Eagle's medium (DME) was purchased from Flow
Laboratories, Inc.  Heat inactivated calf sérum was ob-
tained from Nakarai Chemicals. Trypsin'waslobtained from
Miles—-Seravac (Pty). Tissue Cultﬁre flasks (75 cmz) werei
from Lux.Scientific Corporation. Tissue culture dishes of
10 cm and 3.5 cm diameters were from Falcon and Corning
Glass Works, respecﬁively. [3H]—Thymidine was obtained
frpm New England Nuciear, Boston, Mass. -Epidermal growth_
factor.(EGF) was frém Bethesda Research Laboratbries, Inc.
Pronase E was from Kaken Chemicals. DEAE-cellulose (DE—23)
was from Whatman, and Sepharose-4B from Pharmacia Fine
Chemicals. All chemicals used were of the highest commercial
"grade available.

Cells and Growth Conditions Baby hamster kidney cells

(BHK-21/clone 13) and Swiss Albino mouse 3T3 embryo fibro-
blasts were obtained from Flow Laboratories, Inc. .Human
embryonic lung cells (HEL) were kindly provided by Prof.
-Isao Yamane of Tohoku Uhiversity. BHK_cells were grown in’
20 ml of MEM éontaining 10% calf serum and 60 pg/ml of
kanamycin in tissﬁe culture flasks. 3T3 cells were grown
in 20 ml of DME cbntaining 10% calf serum and 60 pg/ml of
kanamycin in tissue culture flasks. When the BHK and 3T3

cells had grown'to confluency, they were collected with
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0.01% trypsin in Dulbecco and Vogt's phosphate-buffered
saline without divalent cations (PBS™) and inoculated into
new tissue culture flasks at a dilution of about one in
ten. ﬁEL cells were grown in 10 ml of MEM containing 10%
calf serum and 60 ug/ml of kanamycin in lO.ém tissue culture
dishes. Confluent HEL cells, obtained aftéf 5 days, were
collectéa_with 0.01% trypsin and inoculated into new 10 cm
tissue culture dishes at a dilution of one in two; HEL
cells were used betwéen passages 10 and 25. All cells was
incubated at 37° in a CO incubator with a humidified
atmosphere of 5% COy in air.

Cell Counts Cell numbers for inoculation were determined

in hemocytometer. For cell numbers in experiments, cells were
harvested with 1 ml of a solution of 0.0075% pronase E in
PBSTcontaining 0.02% EDTA ana then 3 ml of 0.9% NaCl solution
was added. Cells were counted with a Sysmex.-microcellcounter
CC-108.

Assay of Growth Factor with BHK Cells . Confluent cultures

grown in 1l0% serum were treafed with 0.0i% trypsinssolution.
Trypsinization was stopped with MEM contaiﬁing 10% calf serum,
and the cell»suspensioﬁ was centrifuged at 1,000 rpm for 3
ﬁin. The pel;et waé-resuspended in the same medium and cells
were plated at 1-2 x 104 cells per 3.5 cm tissue culture

dish in 2 ml of MEM containing 10% calf serum. Then 100 pl
samples of test fractions were'promptly added to the dishes.

After 48 hr, the same volume of the same fractions was again
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added, and one day later, cells were counted.

Assay of Growth Factor with HEL Cells Cells were plated

in 3.5.cm tissue culture dish as described above. After

24 hr, the medium was removed and 2 ml of MEM cogfaining.
0.1% calf serum wés added. After and£her.24 hr, the medium
was removed and 2 ml of MEM containing O.i% calf serum and
100 }Jl.'of test samples was added. After a furthers 48 hr,
the saﬁe volume of the samples was again added. Cells were
counted at the indicated times.

Assay of Growth Factor with Swiss 3T3 Cells Cells were

plated at 2 x 104 cells per 3.5 cm tissue culture disﬁ in

2‘ml of DME containing 10% calf serum. After 6 hr; the

cells were washed once with‘PBS‘, and 2 ml of DME containing
0.4% calf serum was added. After incubation for 24 hr, 100 pl
of samples was added and the cells were incubated for 6 days
and then counted. For measufement of incorboration of ([3H]-
thymidine into DNA, the cells were plated.af 20 x 104 cells
per 3.5 cm tissue culture dish in 2 hl:of DME containing 10%
calf serum. After 48 hr, the-medium wés replaceé by DME
containing 0.5% calf serum and after 24 hr, test samples

.in 100>pl we&e”added to the cultures. The cultures were in-
cubated for 16 hr and then [3H]-thymidine was added (20 pCi/
ml, 100 pl/dish). After incubation for.l hr, cells were
washed £wice with PBS and then treated with 10% trichloroacetic
acid. Cells were collected with a-rubber policeman, washed

once with 10% trichloroacetic acid with centrifugation at
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3,000 rpm for 5 min. The precipitated cells were mixed with

1 ml of 5% perchldriq acid, boiled for 20 minrand centrifuged
at 3,00@ rpm for 5 min. The whole supernatant was mixed with
10 ml of toluene—Trith X—lOOAscintiliator.ltolueﬁe_and Triton
X—lOO were in the ratio 2:1, containing l,4lbis{2—(5—phenyl—
oxazolyl) ]-benzene (0.1 g/liter) and 2,5ediphen§loxazole

(4;0 g/iiter) in toluene) and radioactivity-wés measured in

a Beckman liquid scintillation spectrometer.

Tumor Cells Yoshida sarcoma cells and AH-130 tumor cells

wefeAmaintained by intraperitoneal transfer every 7 days and
10 days, respectively, in Donryu strain fét55 Tumor cells
were washed with 0.9% NaCl solution and froéen at.-20° uﬁtil
used.

Animals Male Donryu strain rats of 5 weeks old were ob-
tained from Kitayama LABES Co., Kyoto. They were housed in a
constant temperature room with lighting froh é a.m. to 8 p.m.,
and were fed on a commercial‘solid-feéd MF (Oriental Yeast
Co., Tokyo). |

Preparation of Growth Factor Tumorvcells were homogenized

with 3 volumes of 50 mM Tris-HCl buffer (pH 8.0) and sonicated
fo% 2 min. The homogenates were centrifuged at 10,000 x g
for 30 min and the supernatants were further centrifuged at
105,000 x g for 60 min. Tﬁé resulting supernatants'were
fractionated with 0-60% ammonium sulfate and the pellet ob-
tained by centrifugation at 8,000 xAg for 20.min was dis—
solVed in homogenizing buffer and dialyzed against the same

buffer with freqﬁent changes of the buffer. The ammonium

-4 3~



éulfate fraction was applied to a DEAE-cellulose column
equilibrated with 50 mM Tris-HC1 buffer (pH 8.0) . Material
was eluted with stepwise-increasing concentrations of NaCl
(OM NaCl, DE-F1; 0.2M NaCl, DE-F»; 1.0M NaCl, DE-F3) in the
same buffer and thé eluates were collected, lyophilized,
dialyzed against 50 mM Tris-HC1l buffer (pH 8.0) and stored
at -20° until used. Further burification of growth factor
from AH-130 tumor cells by DEAE-cellulose column chromato-
graphy was carried out with a linear concentration gradient
of NaCl. The DE-F, fraction from AH-130 tumor cells was |
purified further on_é Sepharose-4B column (2.2 x 50 cm) All
samples was sterilized by filtration with a millipore filterx

(pore size; 0.3 pm).
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RESULTS

Effects of DEAE-cellulose Fractions from Tumor Tissues on

the Growth of BHK Cells

Fractions ofAYoshida sarcoma and\AH—l3O tumoﬁ ¢ells
from DEAE—celluloée wefe added ﬁo medium of BHK cell cultures
and cells were counted 3 days after the'first adaitioﬁ oﬁ
samples. As shown in Fig. 1, the fracﬁions froleoshida.
sarcoma and AH-130 tumor cells that were>eluted with 0.2M
NaCl from a DEAE-cellulose column (DE-Fj) stimulated growth
of BHK cells. Thouéh fractions of Yoshida sarcoma and
AH-130 tumor cells eluted with 1.0M NaCl'- (DE-F3) also
stimuiéted growth of BHK cells, they were less effective
than DE-Fj,. Fractions of Yoshida sarcoma and AH-130 tumor
cells eluted with OM NaCl had no detectable effect on cell
growth. DE-F, from AH-130 tumor cells héd more effect on
the growth of BHK cells than DE-F2 from Yosﬂida,sarcoma.

Effects of DE-Fp Fractions from Tumor Tissues on the Growth

of HEL Cells

The effects of the DE-F, fractiéns from Yoshida sarcoma
and AH-130 tumor cells on the growth of HEL cells are shown
in Fig. 2. Cells were counted 4 days after the first ad—.
dition of these fractions. As in the case of BHK cells, the
DE-F, fractions from Yoshida sarcoma and AH-130 tumor cells
both stimulated the growth'of HEL cells, and DE-Fy from
AH-130 tumor cells.was more effective than DE-Fy from

Yoshida sarcoma.
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EGF is known to be a potent mitogen for cultured human

12). So we compared its growth stimulating effect

fibroblasts
on HEL cells with that of the growth factor from AH-130 tumor
cells. As shown in Fig. 2, the growth stimulating activity
of EGF was slightiy higher fhan that of DE—Fz from AH-130

tumor éells.

Effects of DE-F3 Fractions from Tumor Tissues on the Growth

of 373 Cells

The effects of the DE-Fp fractions from Yoshida sarcoma
"and AH-130 tumor cells on the growfh,of 3T3 celis were in-
vestigated. DE-F3 fractions from Yoshida saréoma and AH-130
tumor cells were added to the medium of 3T3 cell cultures
and cells were counted 6 days after addition of the fractions.
As shown in Fig. 3, both fractions stimulated'gfowth of 3T3
cells, as in the case of BHK and HEL cells, and DE-F5 from
AH-130 tumor cells was more effective than DE-F5 from Yoshida
'sarcoma tumor cells. As shown in Fig. 3; DE-Fo from AH-130
tumor cells was inactivated by heating at 100° for 1 min,
indicating that the growth factor from AH-130 tumor cells
is probably a thermolabile substance.

The sensitivities of the three cell lines, BHK, HEL and
3T3 cells, to the growth factor (DE-F3) from AH-130 tumor
cells were compared. As shown in Table 1, the assay system
with 3T3 cells was more sensitive to the growth factor (DE-Fj)
from AH-130 tumor cells than the systems with BHK and HEL

cells.
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The time depeﬁdency of éhe effect of DE-F5 from AH-130
tumor cells on the grbwth of 373 cells was examined. As
;h0wn in.Fig. 4, DE-Fp from AH-130 ﬁumor cells increaéed
growth of 3T3 cells to 4 to 5 times that of the control on
day 6 or 7 after its addition. |

v

Effects of the DE-F3 Fraction from AH-130 Tumor Cells on

Incorporation of dThd into DNA of 3T3 Cells

The effect of DE-F5 from AH-130 tumor cells on incorpo-
ration of dThd into DNA of 3T3 cells was investigated. Since
EGF is known to stimulate incorporation of dThd into DNA in

3T3 cellsl)

, its effect was compared with that of the DE-F,
from AH-130 tumor cells. Table 2 shéws that DE-F, from
AH-130 tumor cells stimulated incorporation of dTha into
DNA as well as growth of the cells. The effeét of the DE-Fy
from AH-130 tumor cells on incorporation of dThd into DNA
was similar to that of‘EGF, but was less sensitive than

that of the assay system with cell numbers. Therefore,
further purification of the growth factof from AH-130 tumor
‘cells was carried out by measuring effects of fractions on

the cell number of 3T3 cells in the assay system.

Effects of DEAE-cellulose Fractions Eluted with a Linear

Gradient of Salt Concentration

The ammonium sulfate fraction from AH-130 tumor cells
was applied to a column (2 x 20 cm) of DEAE-cellulose pre-

viously equilibrated with 50mM Tris-HC1l buffer (pH 8.0).
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The column was eluted with a liﬁear concentration gradient
formed with 250 ml of 50mM Tr¥is-HC1l buffe? (pH 8.0) in the
mixing chamber and 250 ml of 50mM Tris-HC1l buffer (pH 8.0)
containing 0.4M NaCl in the reservoir. After dialysis
against'SOmM Tris;HCl buffer (pH 8.0), samples of each
fraction were added to the medium of 3T3 cell-cultures,
and cell numbers were measured 6 days later. .As shown in -
Fig. 5, the main peak of the growth stimulating activity

- was eluted at 0.19M NaCl concentration (fraction number 80)

and it increased growth of 3T3 cells to 4 to 5 times that

of the control cultﬁre.

Sepharose-4B Gel Filtration of the DE-F3 Fraction from

‘AH-130 Tumor Cells

The DE-F, fraction of AH-130 .tumor cells.was subjected
to gel filtration on Sepharpse—4B to estimate the molecular
weight of the growth factor. The Sepharose~4B column (2.2
50 cm) was calibrated with ferritin, (M.W., 540,000) and
human /" -globulin (M.W., 160,000).A Fractions eluted-from
the column were added to 3T3 cell cultures, and cell numbers
~were measured 6 days later. As shownAin Fig. 6, the elution
volume of the growth factor from AH-130 tumor cells was about
84 ml, indicating that the molecular weight of this factor

is about 900,000.
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DISCUSSION

Growth-stimulating effects of preparations from various

tumor cells have been_reported8’15’16’lg’20). Fenselau and

8)

Mello found that growth of endothelial cells of fetal bovine

heart was increased by addition of a crude cell hémogenate of

Walker 256 adenocarcinoma to the culture medium, Nair and
DeOmel6)'reported that a soluble fraction of a solid spontaneous

primary.mouse mammary tumor stimulated the growth of density- E
inhibited mouse embryo cells in monolayer culture, and that
the growth-stimulating factor precipitated with 60% saturation
of‘ammonium sulfate was similar to preparations of growth

20)

- factors from the culture media of Rous sarcoma cells and

mouse mammary tumor cellsls’l6)

. However, further purification
of their growth factors 6btained from various tumor cells have
not been reported. In.this work,'we used fhree differeht cell
lines — baby hamster kidney (BHK) cells, human embryonic lung
(HEL) cells and Swiss Albino mouse 3f3‘embryo fibroblasts
(3T3) cells - for the assay and purification of the growth
factors from tumor cells. ~ The growth féCtor from ngl3O
“tumor cells stimuléted the growth of all fhrée cell lines,

but it had most effect in the 3T3 cell system. A similar
éreparation from Yoéhida sarcoma ceil showed some growth
stimulating activity, but less than that of the preparation

from AH-130 tumor cells. The growth factor of AH-130 tumor

cells from a DEAE-cellulose column with a linear concentration
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gradient of NaCl (Fig. 5) seemed to be the same fraction as
that eluted stepwise (0.2M NaCl) from the results in Figs. 3
and 5. The fraction of growth factor obtained by gel
filtration on a Sepharose-4B column was a'high molecular

weight substance (M.W., about 200,000) (Fié. 6).

)

The epidermal growth factor (EGF)3 ‘and platelet derived

21)

growth factor (PDGF) were reported to be heat-stable

polypeptides. Recently, Todaro et al. reported that the
transforming growth factors produced by certain human tumor

cell lines had moiecular weights of 20,000-23,000 and were

4)

heat-stable polypeptides2 The growth factor from AH-130

tumor cells differed from these factors>because DE-F9 from
AH—13O tumor cells was inactivated by heéting at 100° for
1 min. | 7

Heat-labile growth factors, such as fibroblast growth
4)

factor (FGF)Z), nerve growth factor (NGF) and insulin-like

21)

growth factor (IGF) have been reported, but the molecular

9) 25)

weights were 13,000 for FGF” ', 26,000 for NGF 'and 7,000

for IGF18)

, suggesting that they also differ from the growth
factor obtained from AH-130 tumor cells. However, it is
possible that the growth factor obtained from AH-130 tumor

23) or NGFZS), and its

cells might to be a complex like EGF
further.purification‘and characterization ére necessary for
comparison with these growth factors.

The growth factor obtained from Yoshida sarcoma and

‘AH-130 tumor cells seems similar to the liver dThd kinase

eSO



stimulating faétor (TSF) described in Part 1 of this paper
ll), since intraperitoneal injection of an extract of
Yoshida sarcoma inté normal mice stimulated their liver
dThd kinase, énd, like TSF, the grOwth factor is:a high
-molecular, hea£ lébile substancé. |

It is important to purify the érowth factor and in—
vestigate the mechanism of its growth stimulation, to obfain.
‘information on how cell growth is controlled:

Further purification of this growth factor using the

3T3 cell system for assay of activity is in progress.
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Table 1. Sensitivities of cell lines to
growth stimulating activity of

DE-F» -from AH-130 tumor cells

Cells s of control
BHK 140 ¥ 23 (6)®
HEL ' 178 * 23 (6)
373 ' 452 *

il7 (8)

a. Numbers in parentheses show numbers of
experiments

Values are means f S.D.
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Table 2. Incorporation of dThd into

DNA of 373 cells.

Sample . % of control

- .a
Control : 100 (6)
 AH-130 DE-F, 285 * 87 (6)

(200 pg protein/ml)

EGF (10 ng/ml) - 287 ¥ 97 (6)

a. Numbers in parentheses are numbers bf experiments

Samples of 50 pl of AH-130 DE-F2 or EGF were added to
cultures of 3T3 cells and 16 hr later 0.2 pbi/dish of
~dThd was added. The reaction was stopped 1 hr later.
The radioactivity in DNA was measured as described

in "Materialé-and Methods". Values are means f S.D.

for six experiments.
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 Fig. 1. Effects of DEAE-cellulose fractions from Yoshida

sarcoma and AH-130 tumor cells on growth of BHK cells

- DEAE-~cellulose fractions.from Yoshida sarcoma and
AH-130 tumor cells eluted with OM NaCl (Fj), 0.2M NaCl
and 1.0M NaCl (F3) in a volume of 100 pl were added at
final concentrations of 200 pg protein/ml to BHK cell
cultures. 100 pl of 50mM Tris-HCl buffer (pH 8.0) was
added to control cultures. Cell numbers were measured
as described in "Materials and Methods". :
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Fig. 2. Effects of EGF and DE-F2 fractions from Yoshida
sarcoma and AH-130 tumor cells on growth of HEL cells

- EGF and DE-F3 fractions of Yoshida sarcoma and AH-130
tumor cells were added to HEL cell cultures. The sample
volume was 100 pl. The final concentration of EGF and DE-Fj
fractions was- 10 ng/ml and 200 pg protein/ml, respectively,
and 100 pl of 50mM Tris-HCl buffer (pH 8.0) was added to
control cultures. Cell numbers were measured 4 days after
. the first addition of fractions.
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Fig. 3. Effects of DE-F, fractions from Yoshida sarcoma

and AH-130 tumor cells on growth of 3T3 cells .

DE-F> fractions of Yoshida sarcoma and AH-130 -tumor
cells were added in a volume of 100 pl to 3T3 cell cultures
at a final concentration of 200 pg protein/ml. The fraction
from AH-130 tumor cells was heated at 100° for 1 min and.
centrifuged at 3,000 rpm for 5 min and the resulting super-
natant was used for assay. Cell numbers were measured 6 days
after addition of samples as described in "Materials and
Methods". _ ' ' :
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Fig. 4. Growth curve of 3T3 cells in the presence and

- absence of the DE-Fy fraction of AH-130 tumor cells

The DE-Fp fraction of AH-130 tumor cells (-9-) or 50mM
Tris-HCl buffer (pH 8.0) (-O-) was added to 3T3 cell cultures

~on day 0. The volume of samples was 100 pl and their final
concentration was 200 pg protein/ml. After addition of the
sample, cell numbers were measured at intervals. ’
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Fig. 5. DEAE-cellulose column chromatography of the growth
factor from AH-130 tumor cells

The ammonium sulfate fraction (0-60%) was applled to
a DEAE-cellulose column (2 x 20 cm) and material was eluted

‘with a 500 ml linear salt gradient (0 to 0.4M NaCl in 50mM

Tris-HCl buffer, pH 8.0). Fractions of 8 ml were collected.
Each fraction was dialyzed against 50mM Tris-HCl buffer (pH

8.0) and 100 pl of each fraction was added to 3T3 cell cultures.
Cell numbers were measured 6 days after addition of samples

as described in "Materials and Methods".
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