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Doxorubicin to rHUTNF — mediated cytotoxicity
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[Abstract] Objective; To evaluate the sequential action of tHUTNF and doxorubicin (DOX) against human
colon cancer cell line (COL0O205) . Methods : With clonogenic assay( Hamburger ~ Salmon method} , the sequen-
tial roles of rtHUTNF and DOX on COLO205 were investigated . The dose — effect relationships of each drug alone
and in combination were analyzed by examining the survival fraction of the drug combination. Resuits : The ac-
tion of DOX and tHuTNF against proliferation was found to be schedule — dependent in colon cancer line CO-
L0205 ; marked synergistic effects were observed in most instances of treatment, when DOX was administered
prior to and not following rfHUTNF . Conclusion : The anti — turnor effect of TNF can be enhanced in the presence
of DOX, suggestion that the addition of DOX may interfere with the cellular protective mechanism, causing the
tumor cells to become mare susceptible to the cytotoxic action of TNF.
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Tumor necrosis factor (TNF) is a cytotoxic
monckine produced by macrophages stimulated with
bacterial endotoxin. TNF' participates in inflammatory
reaction and wound healing, and possesses anti — tu-
mor activity. TNF, which is also called cachectin, can
induce septic shock and cachexia. TNF can combine
with receptors ( R;/R; } on selected tumor cells
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and induce their death and mediate the anti — tumor
action of natural cytotoxic cells. The combinations of
rHuTNF and DOX, 5FU, melphalan, as well as
blecmyein, have previously shown chvicus synergism
in enhancing the anti — proliferative effects on human
colon cancer cell lines'!!.

The present study investigated the role of
schdeule — dependence of TNF and DOX on CO-
LO205. Dose — effect relationships of each drug alone
and combination were analyzed by examining the sur-
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vival fraction of the drug combination.
1 MATERIALS AND METHODS

1.1 Materfals
1.1.1 Colon Cancer Cell Lines: An established colan cancer
cell line, COLO205 , was obtained from ATCC. The cell line was
matintained in RPM] 1640 { Gibco, Grand lsland, NY) with
10% {v/v) fetal calf serum{Flow Laboratories, Newburg Park,
CA}, 1% (v/+) penicillin — strpetomycin and 1% L — glutamine
and kept at 37C in a humidified atmosphere with 7% 00; end
20% (. The cells were devoid of myooplasma or bacterial in-
fectian and passaged serially. Cell lines were grown as monclay-
ers. Tumor cells were harvested during the period of exponential
growth. Cell detachment was achieved by incubation with hy-
poosmotic medium for 15 minutes at 37'C . The cells were then
shaken off the bottom of the flask and washed twice in McCoy’
s 5A at 200 % g for ten minutes. The resulting cells in suspen-
sions were counted using a hemocytometer. Viability, as deter-
mined by trypan blue exclusion, wes > 90% . The single cells
were plated at a concentration of 1 % 10* vable tumor cells per
plate in the upper layer of the two layer agar culture system.
Plating efficiencies for COLOR0S cells were 15. 73% .
1.1.2 Drugs used: Recombiant human TNF (fHuTNF} in
highly purified form was provided by Genentech Inc. South San
Francisco, California. The specific activity of tHUTNF was 5 <
107 U/mg protein. fHuTNF was tested by adding to the agar
matrix to permit continuous exposure during the culture period.
A minimzn of five concentrations wete tested {e. g. 10,50,
100,500, 1000 U /ml). Apprypriate dilutions were made with
McCoy' s 5A containing 10% heat inactivated fetal bovine
serum. Doxcrubicin{ DOX) was cbtained from the Arizona Can-
cer Center’ s research pharmacy service. 1t was kept in ~80C ,
end thawed in a 37C waterbath prior to use. In detailed titra-
tions, THUTNF and DOX were tested alone and m combination
at fixed ratios.
1.2 Methods

Cloning assay: A double layer soft agar assay was used as
described previusly by Hamburger and Salmon. *~®! Tumor
cells were plated into the upper layer of a double layer agar cul-
ture system. The under layer consisted of entiched McCoy's 5A
medium with 0. 5% agarose. The overlayer consisted of CMRL

1066 medium with tumor cells and 0. 3% sgamse. The tumor
cell concentration used was 1 10* cells per plate. Positive and
negative control plateswere included in all assays,and each drug
ar both combination was tested in triplicate. Testing was done
by continuous exposure to drugs{0.2 m]) added to the upper a-
gurose layer. The plates wete then incubated for 6 — 14 days{ de-
pending upon the growth characteristics of the tumor cell line),
in 7% O0y,and air at 37C in a humidified incubstor. Prcr to
final colony counting, plates were examined wiath an inverted
microscope,and colony formation way evaluated with a viability
stain. Colonies of el least 60 cells in diameter were counted with
an automated image analysis system (Bawch and Lomb Omni-
con FAS 11}, which had been optimized for tumor colooy
oounts. Results were expressed as the percentage of colony
growth compared with the contiols.
1.3 Data Analysis!”

Definitions used in data analysis: Table 1 shows the defini-
tions of synergistic, additive and other effects.

Tab | Definitions of drig combination efTects

Synergistic SFa + b<{SFa){SFh)
Additive SFa+ b= (SFa){SFb)
Subadditive SFa+ h>>{SFa){SFb)

< SFb, when SFa>>SFb
Antagonistic SFa+ b>(SFa){SFb)

SF: surviving fraction; a, b: Drugs; a + b: drugs used in

A statistical test for deviation from additive effect was con-
structed es fallows: for a given dose of drug a, surviving fraction
of cells, SFa, was observed; likewise, for drug b, we observed
SFb. Then we observed SFa + b. If the additive effect held, then
SFa+b={SFa) ' {SFb). When single concentrations and their
ocmbination were studied, synergistn or inhibition was deter-
mined for each experiment individually, the P value being 0.05
in comparison to the single additive effect hypothesis.
2 Results

2.1 Cytotoxicity of rHuTNF treatment with pre -
incubation of DOX on COLO205 cell line

2.1.1 Effect of sequential treatment of COLO2035
cells with DOX and :HuTNF

Tsh2 Effect of sequential treatment of COLOZ05 cells to DOX (0. 001pg/mi)and rAWTNF

Drug Concentration Percent Survival Percent Expected Percent Observed
With drug alone Survial in Survival in
- combination combination
{rts) { sddinive effect) {(rts)
rHuTNF 100T Al 98.5 +10.4 80.6 66.812.7
30U /ml 10).41+9.1 82.2 65.51+5.1
100U/l 67.9 +4.0 85.6 50.8+£4.8
S00LT /ml 61.1 +8.7 50.0 41.1%4.4
81.9+7.0° 1, 000U Al 54.3 2.9 44.4 4[.321.8

" I & 51 percent survial of control DOX(0. 001 pg/ml)pretreated

cells.
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After pre — incubation with DOX (0. 001 p.g/mi),
the percent Survival rates of pre — treated cells was
B1.9+7.0. We obtained the % Survival for continu-
ous exposure to rHUTNF alone, (i.e. 98. 5+ 10. 4,
100.4+£9.1,67.9£4.0,61.1+8.7,54.3£2.9),as
well as % ES(Expected Survival) for drugs in combi-
nation(80. 6,82.2,55.6,50.0 and 44. 4). In these

experiments, we obtained the following % OS(0Ob-
served Survival)for drugs in combination:66.8+2.7,
65.5+5.1,50.8+4.8,41.1+4.4,and 41.3%1.8,
respectively,

2.2.2 Effects of sequential treatment of OOLO205
cells with DOX (0. 005g/ml)and tHUTNF

Tab3 Effects of sequential treatment of COLOZ05 cells with DOX(0.005pg/mi)and fHaTNF

Dryg Concentration Percent Survival Percent Expected Observed
With drug alone survival in survival in
- comibanation combinstion %
{(z+5) _{additive offect) {(z15)
tHuTNF 10U /ml 98.5 +10.4 77.6 58.1+1.2
50U/mi 100.41£9.1 79.1 58.2+7.3
100U /mi 67.9 +4.0 53.4 54.4£3.0
500U /ml 61.1 +8.7 4.1 - 40.7%1.5
78.7+6.0° 1,000U./ml 54.3 £2.9 42.7 22.4%8.3

% 7 * 5 percent survival of control DOX(0. 005yg /i }pretreated cells.

Table 3 showed that after pre — intubation with
DOX (0. 005ug/ml), the % Suryival of pretreated
cells was 78.7 £ 6. 0. We obatined % Survival rates
with continuous exposure to THuTNF alone of 98. 5 +
10.4,100.4+£6.1,67.9+4.0,61.1%+8.7 and 54.3
+2.9. Then we obtained % ES for drugs in combina-

tion:77.6,79.1,53.4,48.1 and 42. 7. In our experi-
ment, we found % OS ratesof 58.14+1.2,58.227.
3,54.4£3.0,40.7+1.5 and 22. 44+ 8, 3, respective-
Iy. T »

2.2.3 Combined effects of sequential treatment of
COLO203 eells with DOX and rHUTINF

Tab 4 Combined effects of sequential treatment of COEOZ0S5 cells with DOX and cHaTNF

Combined effect
Treatment Coneenyration of ¥ TNE(U/mi)
DOX 0.001pg/mi Lh 1 5'0 100 3 1000
001 g -
T]'E}I{l rHqu i 5 5 3 5 5
DO 0.005ug/ml 1
Then HUTNF 5 S Add S S

S: synetgism; Add: sdditive effect, Synengism or addition is P<{0.05 in comparison to corresponding values of OS and ES.

TFabe 4 showed that amti — turnor effects of
rHuTNF were enhanced markediy, after pretreatment
of COLOZ20S cells with different doses of DOX(0. 001
and 0. 005pg/ml).

3 Discussion

1t is well — known that TNF can induce the cyto-
toxic/cytostatic effects in tumor cells. Tumor cells can
show various reactions before death under TNF ac-
tion, eg. after tumor cells were stimulated by TNF,
mRNA /protein synthesis was higher than before. On-
ly when cells were treated for 24h did tumor cells un-
dergo degeneration and nercrosis.

Recently, we learned that there is a protective
action{ rescue system)in tumor cells. When DOX in-
hibits cytosolic caspase activity, this" rescue mecha-

nism” would be impaired, and hence the cells would
accurnulate excessive reactive oxygen — producing mi-
tochondria and would be far miore sensitive to TNF -
induced necrosist®-%!11,

First of all, TNF interacts with its receptors, and
then cognate interaction with its receptor leads to the
formation of toxic products in the cytoplasma. This
formation and resulting damage may be prevented by
protease inhibitors, Cells may protect themselves from
the effects of these toxic compounds by the synthesis
of detoxifying enzymes. Our data showed that in the
mode of “short (4h) rtHuTNF pre — incubation, fol-
lowed by DOX treatment” , tHuTNF can decrease the
eytotoxicity of DOX on tumar cells ,owing to the pro-
duction of a protective mechanism followed by cellular
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stimulation of rHuTNF'® . In the mode of “DOX
first, TNF second” ,DOX can induce increased rfHuT-
NF eytotoxicity, suggesting that the tumor cells, per-
haps in the presence of DOX, can no longer make
these protecting, detoxifying enzymes and, as a result,
are destroved. Furthermore, DEYX could enhance Fas
receptor expression on the plasma membrane of colon
cancert*).

. In general, the interaction of DOX and rtHYTNF
was found to be schedule — dependent in colon cancer
cell line COLOR20S. Marked synergism was observed
in most instances of treatment when DOX was admin-
istered prior to, but not following fHUTNF. rtHuTNF
kills cancer cells, but also induces a protective mecha-
nism in the cells, However, the anti — tumor effect of
TNF can be enhanced in the presence of DOX, Sug-
gesting that the addition of DOX interferes with the
protective mechanism, and the tumor cells then be-
come more suseptible to the cytotoxic action of TNF.
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