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Tumor necrosis factor alpha (TNF0) generates a potent cytotoxic effect, however many cancer cells are re-
sistant to TNFo-mediated killing and the cause of the differential sensitivity remains to be elucidated. In this
study, we demonstrated that TNF @ induced cell death in four different human colon cancer cell lines. The degree
of cytotoxic effect was different in each cell line, in that HCT-15 was relatively sensitive, while DLD-1, HT-29 and
WiDr were relatively resistant. TNF & induced apoptotic changes such as morphological changes, DNA fragmen-
tation and activation of caspase-3 in HCT-15, but to a lesser degree in the others. Transcriptional expression of
TNFR1(p55), as well as that of FLICE, Fas, FADD, DR3, FAF, TRADD, and RIP was similar in these cell lines,
indicating that the susceptibility to TNFa-induced apoptosis may not be determined by the constitutive expres-
sion level of these factors. Interestingly, the cytotoxic effect of TNF o was well correlated with the DNA binding
activity of NF-kB in the colon cancer cell lines. Further, the overexpression of a non-phosphorylated mutant
form of IxBa enhanced the cytotoxicity of TNFa in the resistant cell line, DLD-1, indicating that NF-xB activity
may determine the sensitivity of colon cancer cells to TNFo~induced apoptosis. Thus, our results indicate that

modulation of NF-xB activity may provide a useful tool to sensitize colon cancer cells to TNFa treatment.
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Tumor necrosis factor alpha (TNFe) is a major cytokine
that functions immunologically through transcriptional up-
regulation of genes encoding inflammatory cytokines.” Im-
portantly, TNFa generates potent anti-tumor activity both in
vivo and in vitro, thus, its therapeutic potential against a vari-
ety of human cancers has been recognized.*® TNF ¢ initiates
its action by binding to two distinct cell surface receptors of
TNFR1 (55kDa) and TNFR2 (75 kDa), which are found on
most cell types.*”’ TNFR1 has been shown to mediate most
TNF a-induced effects including cytotoxicity, while signaling
through TNFR?2 is associated with proliferation. TNF« binds
to TNFR1 and the resulting trimerized receptor recruits
TRADD (TNFR1-associated death domain protein) via inter-
action between death domains. The death domain of TRADD
then recruits FADD (Fas-associated death domain; also
called MORT1, mediator of receptor-induced toxicity) in one
pathway to activate caspase-8, followed by caspase-3.%” In
another pathway, RIP (receptor-interacting protein) binds to
TRADD and transduces an apoptotic signal through the
death domain.® In addition, RIP together with TRAF2 (TNF
receptor-associated factor 2) activates NF-xB, which may in-
duce the expression of survival genes.” '? Therefore, TNFo
appears to protect cells from its own toxic effects by activat-
ing NF-xB.

Colorectal cancer is not very susceptible to currently avail-
able chemotherapy and immunotherapy, and virtually no en-
hancement in the survival rate has been achieved from the
use of any therapeutic modality in patients with advanced
disease.'*' It has been noticed that high levels of TNFa in
human colon cancer was correlated with longer patient sur-
vival,” indicating a potential therapeutic application of
TNFa for the treatment of human colorectal cancer. How-
ever, little has been known about the cytotoxic effects of
TNFa on colon cancer cells and the associated molecular
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and cellular mechanisms.

In this study, we provided evidence that TNFa induced
apoptosis that accompanied the morphological changes,
DNA fragmentation and activation of caspase-3 in human
colon cancer cells. The apoptosis-inducing effect of TNFa
on colon cancer cell lines was well correlated with the activa-
tion of NF-xB. Further, we found that the overexpression of
a non-phosphorylated mutant form of IxBo enhanced the cy-
totoxic effect of TNF o in the resistant cell line, DLD-1, sug-
gesting a key role of NF-xB that determines cellular resis-
tance to TNFa-induced apoptosis. The results obtained from
this study indicate that modulation of NF-xB activity may
provide a useful tool to sensitize colon cancer cells to TNFo
treatment.

MATERIALS AND METHODS

Cell Lines, Culture and TNFa The human colon can-
cer cell lines, DLD-1 (ATCC CCL 221), HT-29 (ATCC HTB
38), HCT-15 (ATCC CCL 225), and WiDr (ATCC CCL 218),
were obtained from the American type culture collection and
maintained in minimal essential medium (MEM) containing
10% fetal bovine serum (FBS) in a CO, incubator. Recombi-
nant human TNF o was purchased from Biosource Interna-
tional, Inc. (Camarillo, CA). For TNFa treatment, the
medium was changed to MEM without FBS supplement after
the cells attached to culture dishes.

Cytotoxicity Measurement Cytotoxicity of TNFo was
measured by MTT assays using the Cell titer” (Beringer
Mannheim, Mannheim, Germany) according to the manufac-
turer’s instructions. Cells were seeded at an initial density of
3000 cells per well in 96-well plates and incubated overnight
to allow cells to adhere. Before treatment with TNFe, the
culture medium was replaced with the serum-free medium.
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Cytotoxicity was determined after 18 h of TNFq treatment
by measuring capacity to convert a tetrazolium salt into a
blue formazan product. The percent cytotoxicity represents
{100—(OD at 570 nm measured with TNF ¢t treated cells/OD
at 570 nm measured with untreated celis) X 100}.

Propidium lodide Staining To assess subdiploid DNA
content, total cells were collected and fixed in 70% ethanol in
PBS at —20°C. Cells were then washed and stained with 50
ug/ml propidium iodide (PI) in the presence of 100 yg/ml
RNase A for 30 min at 37 °C in darkness. DNA content was
analyzed by a FACStar flow cytometer (Becton Dickson,
Mountain View, CA). Apoptotic cells with subdiploid DNA
staining were found in the ‘sub-G,/G,” peak and the percent-
age of such cells was calculated.

Analysis of DNA Fragmentation Agarose gel clec-
trophoresis of oligosomal DNA fragments was carried out as
described previously.'® Briefly, after cells were lysed in a
lysis buffer containing 20 mm EDTA, 0.05% (v/v) Triton X-
100 and 10 mm Tris—HCI (pH 8.0), the lysates obtained were
centrifuged to separate cell debris containing intact chro-
matin (pellet) from DNA fragments (supernatant). The frag-
mented DNA in supernatant was precipitated with ethanol
and subsequently treated with RNase A and proteinase K.
The samples obtained were electrophoresed on a 1.8%
agarose gel and the separated DNA was stained with ethid-
ium bromide. DNA fragmentation was also assessed by ter-
minal deoxynucleotidy! transferase mediated dUTP nick end
labeling (TUNEL) assay, essentially according to the meth-
ods of Liu et al'” Briefly, cells were fixed with 1%
formaldehyde in PBS and incubated in a solution containing
0.2m sodium cacodylate (pH 7.0), 2.5mm CoCl,, 25mm
Tris—HCI, 0.25 mg/ml BSA, terminal deoxynucleotidyl trans-
ferase (Oncor Inc., Gaithersburg, MD) and 2 nmols of biotin-
16-dUTP (Beringer Mannheim) for 30 min at 37°C. They
were then washed with PBS and incubated in a staining solu-
tion containing 40 yg/ml fluoresceinated avidine, 4 Xsaline-
sodium citrate buffer (1 XSSC=0.15m NaCl, 0.015 m Na-cit-
rate), 0.1% Triton X-100 and 5% non-fat dried milk for 30
min at room temperature in darkness. Following staining,
cells were resuspended in a solution of formaldehyde/PBS
(1/5, v/v) and fluorescence was measured by a FACStar flow
cytometer.

RNase Protection Assay RNase protection assay was
performed using a RiboQuant™ multi-probe RNase pro-
tection assay kit (Pharmingen, San Diego, CA) with total
RNA prepared using a Qiagen RNeasy kit (Qiagen Inc.,
Chatsworth, CA) following the standard protocols provid-
ed by the manufacturer. Briefly, antisense probes for
TNFR1(p55) and other genes were synthesized using T7
RNA polymersase with an in vitro transcription kit in the
presence of 137.5 um rNTPs, 100 uCi[**PJUTP and hApo-3
template sets. Ten microgram RNA was used to hybridize
with **P-labeled anti-sense probes and then unhybridized
RNA was digested by RNase treatment. Protected probes
were then resolved on denaturing polyacrylamide gels and
analyzed by autoradiography. L32 was analyzed to normalize
sampling and technical errors.

Flow Cytometry for Detection of TNFRI1(p55) For
staining of TNFR1(p55), cells were washed with PBS con-
taining 0.1% BSA, then incubated with 5-ul mouse anti-
human TNFR1(p55) antibody (Serotec, Raleigh, NC) for 30
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min at 4°C. After staining, cells were washed twice and in-
cubated with FITC-conjugated goat anti-mouse IgG for 30
min at 4 °C. Irrelevant antibody (normal mouse IgG) was run
in parallel as negative controls. Cells were then washed twice
and fixed with PBS containing 0.8% paraformaldehyde.
Stained cells were analyzed in the FACStar flow cytometer.
Data were presented on histograms plotted as fluorescence
intensity against cell number and analyzed using a PC-lysis
software program (Beckton-Dickson).

Gel-shift Assay Nuclear extract was prepared as previ-
ously described,'® and 10 ug was incubated with *?P-labeled
oligonucleotide in a 20-ul reaction mixture containing 10 mm
HEPES buffer (pH 7.9), S0mm KCl, 1mmM DTT, 2.5mm
MgCl,, 10% glycerol, and 1 ug of poly(dI-dC) at 25°C for
20 min. Following reaction, the mixture was loaded on a 5%
nondenaturating polyacrylamide gel containing 0.5XTBE
(1XTBE is 0.089 M Tris-borate, 0.089 M boric acid, and 2 mm
EDTA). The oligonucleotide used for gel retardation was a
consensus NF-xB binding sequence encoding 5'-TCAGGT-
CACTGTGACCTGA-3'. The oligonucleotide was labeled by
Klenow fragment of DNA polymerase and the labeled
oligonucleotide was purified by Sephadex G25 column and
used as probes for the gel-shift assay.'”

Immunoblot Analysis of Caspase-3 Cells were lysed in
a lysis buffer containing 50 mm Tris (pH 7.5), 137 mm NaCl,
5mm MgCl,, 1% Triton X-100, 50 mm B-glycerophosphate, 2
mm EDTA, 10mm EGTA, 1 mM DTT, 1 mm Na,VO,, 1 mm
PMSE, 10 ug/ml leupeptin, 10 ug/ml aprotinin and 10 gg/mi
pepstatin. Following 30 min incubation on ice, cell lysates
were centrifuged at 14000Xg for 10 min at 4 °C and the clear
supernatants were used for Western blot analysis. Protein
concentrations of the lysates were quantified by bicin-
choninic acid assay (Pierce, Rockford, IL). Forty microgram
protein was subjected to 15% SDS-PAGE, transferred to
PVDF membrane (Bio-Rad, Hercules, CA) and probed with
antibodies against caspase 3 (Pharmingen) according to the
method of Ravi ef al.?”

Cell Death Analyses of Transiently Transfected Colon
Cancer Cells Cell cultures were cotransfected with a mix-
ture containing pCMV-fgal vector with the pCMV or non-
phosphorylated kB mutant, pRK-Flag-IxBo™ (SS-AA).2)
The plasmids were co-transfected using LipofectaminPlus®
(GibcoBRL, Grand Island, NY) into culture containing
3X10° cells per 35 mm dish. To identify the transfected cells,
IkBa™ (SS—-AA) or control vector was cotransfected with a
reporter vector encoding f-galactosidase. After 4 h of trans-
fection, aliquots of each transfected cell culture were seeded
to duplicate wells in a 6-well plate (75000 cells/well) and
treated with TNF« after the cells had adhered to the bottom
of the culture dishes. The cells in one well were treated with
vehicle alone and cells in the other well with TNF¢ in
serum-free medium. After 16h of TNF« treatment, cells
were washed with PBS and fixed with a solution containing
0.05% glutaraldehyde, then washed again with PBS. They
were then stained to identify the B-galactosidase-expressing
cells with a solution containing 0.05% X-gal, 10 mg/ml
potassium ferrocyanide, 8 mg/ml potassium ferricyanide and
3mm MgCl, in PBS. The blue celis (usually 100—300
cells/well) were counted with a microscope after overnight
incubation at 37 °C.
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RESULTS

Differential Sensitivity of Human Colon Cancer Cell
Lines to TNFa-Induced Cytotoxicity We examined the
effects of TNFa on the cell viability of a panel of human
colon cancer cell lines, i.e., HCT-15, DLD-1, HT-29 and
WiDr, using MTT assays. As shown in Fig. 1, TNFe induced
cell death in all human colon cancer cell lines tested. HCT-15
was relatively sensitive in that approximately 50% of cells
were killed after 25 ng/ml TNF« treatment for 18 h. In con-
trast, DLD-1, HT-29 and WiDr were relatively resistant. The
percentage of dead cells was approximately 20% when DLD-
1 and HT-29 were treated with 100 ng/ml TNF¢.

TNF o-Induced Apoptosis in Human Colon Cancer
Cells We observed that when HCT-15 cells were treated
with TNF e, they became shrunken, curled up, eventually de-

Cytotoxicity (%)
2 8 8 3 8 8

o

10 100

TNFa (ng/ml)

Fig. 1.

Human colon cancer cells were seeded in 96-well culture plates and treated with var-
ious concentrations of TNFa for 18 h. Cytotoxicity was measured by formation of for-
mazan product using MTT assays as described in Materials and Methods. Each symbol
represents the mean=®S.E. of triplicate experiments.

Cytotoxicity Induced by TNFain Human Colon Cancer Cell Lines

Vol. 23, No. 4

tached and floated into medium, which is a typical phenome-
non observed in cells undergoing apoptosis (data not shown).
When cellular DNA content of TNFo+treated HCT-15 was
analyzed by flow cytometry, a typical profile of cells under-
going apoptosis (Fig. 2) was obtained. A distinct, quantifi-
able region below G, flow cytometry profiles represented a
subpopulation of apoptotic cells in which chromatin conden-
sation and DNA degradation reduced the stainability of PI.
The percentage of apoptotic cells after treatment with TNFo
(25 ng/ml) for 18 h was about 50%. However, the percentage
of apoptotic cells in the relatively resistant cells, i.e., DLD-1,
WiDr and HT-29, ranged from 4 to 9%. TNF & induced a typ-
ical DNA laddering pattern in HCT-15 in both agarose gel
electrophoresis and TUNEL assays (Fig. 3). DNA fragmenta-
tion was induced by TNFa in a dose- and time-dependent
manner as shown in Figs. 3A and 3B. Co-treatment with
Actinomycin D enhanced DNA fragmentation in HCT-15 and
induced weak DNA fragmentation in DLD-1, HT-29, and
WiDr cells (Fig. 3C), suggesting the involvement of de novo
gene synthesis in the susceptibility of colon cancer cells to
TNF a-induced apoptosis.

We tested whether caspase-3, an executor of apoptosis,*?
was activated by TNF o treatment in colon cancer cells. As
shown in Fig. 4, the activated form of caspase-3 was detected
as early as 4 h after TNF o treatment in HCT-15, while the ac-
tivation was barely detected at 24 h of TNFa treatment in
DLD-1. Taken together, our results showed that TNFe in-
duced apoptosis in human colon cancer cells and indicated
that the cytotoxicity induced by TNF e treatment was deter-
mined by the susceptibility of the colon cancer cells to un-
dergo apoptosis.

Expression of FLICE, Fas, FADD, DR3, FAP, FAF,
TNFR1p55, TRADD, and RIP To gain insight into the
mechanism of the differential sensitivity of colon cancer cells
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Fig. 2. Propidium lodide (PI) Staining of TNF« -Treated Colon Cancer Cells

Cells (2.2X10° cells) were cultured in 100 mm culture dishes in the presence or absence of 25 ng/ml TNFe for 18 h and stained with Pl as described in Materials and Methods.
DNA fluorescence histograms of Pl-stained cells were obtained by flow cytometry. Apoptotic cells with subdiploid DNA staining are shown (M1) and the percentage of such cells

is indicated in parentheses.
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Fig. 3. DNA Fragmentation-Induced by TNFa in Human Colon Cancer
Cell Lines

(A) Dose-dependent effects of TNFor: HCT-15 and DLD-1 cells (2X10° cells) were
treated with or without various concentrations of TNFa for 18 h. (B) Time-dependent
effects of TNFo: HCT-15 and DLD-1 cells were treated with or without 25 ng/ml
TNF e for different time periods. (C) Enhanced DNA fragmentation induced by Actino-
mycin D: Colon cancer cells were cultured with or without 50 ng/ml TNFa in the pres-
ence of 0.5 pg/ml actinomycin D for 16 h. Fragmented DNA was extracted, subjected to
agarose gel electrophoresis, and visualized by ethidium bromide staining as described
in Materials and Methods. (D) TUNEL assay: HCT-15, HT-29, and DLD-1 cells were
cultured in the presence or absence of 50 ng/ml TNFea for 16 h. Cells were then fixed,
labeled with biotin-16-dUTP by the terminal deoxynucleotidyl transferase and stained
with avidin-fluorescein isothiocyanate. The stained cells were analyzed with a FACStar
flow cytometer as described in Materials and Methods. Filled histogram, without TNFor
treatment; open histogram,with TNF &x treatment.

(hr)O 1 4 8 16 24
Pro
HCT-15
Activated
Pro
DLD-1 Activated

Fig. 4. Immunoblot Analysis of Caspase-3 in TNFa-Treated DLD-1 and
HCT-15 Cells

Cells were incubated with 25 ng/ml TNFa for the indicated times and immunoblot
analysis was performed with cytosolic fractions obtained as described in Materials and
Methods. The positions of the unprocessed (pro) form and processed (activated) forms
of caspase-3 are shown.
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to TNF a-induced apoptosis, we examined the transcript level
of protein factors associated with the TNFa signaling path-
way by RNase protection assay. The transcriptional expres-
sion of TNFR1(p55), the mediator of most TNF-induced cy-
totoxic effects, as well as that of caspase-8/FLICE, Fas,
FADD, DR3 (death receptor 3), FAF (Fas-associated factor),
TRADD, and RIP * 7 were similar in HCT-15, WiDr and
DLD-1 (Fig. 5A). Consistent with the transcript level, the ex-
pression of TNFR1 (p55) protein was not significantly differ-
ent in the colon cancer cell lines (Fig. 5B). The results indi-
cated that the susceptibility of individual cell types to TNF o~
induced apoptosis may not be determined by the constitutive
expression level of these factors. Interestingly, FAP (Fas-as-
sociated phosphatase), an inhibitory phosphatase of the Fas
signaling pathway,”® was expressed in DLD-1 but not in
HCT-15 (Fig. 5A). However, FAP may not be a common fac-
tor that generated resistance against TNF o treatment since it
was not detected in the other resistant cell lines, WiDr (Fig.
5A) and HT-29 (data not shown).

Sensitivity to TNFa-Induced Apoptosis in Colon Can-
cer Cells Involved Impaired NF-xB Activation The NF-
kB transcription factor complex is well known as a critical
regulator of immune responses. NF-kB comprises two sub-
units (p65 and p50), which are held in an inactive complex
with [xkBa.2*?* Upon receiving extracellular signals, active
NF-«B is released from the complex by inducing the phos-
phorylation and ubiquitin-mediated proteosomal degradation
of 1xkBa?**" Interestingly, NF-xB has been implicated in the
counteraction of cytotoxic activity of TNF« in some cells in-
cluding melanoma, breast cancer and prostate cancer
cells®* % However, contradictory results were also obtained
in certain types of cancer cells.” ™ Thus, we questioned
whether the activation of NF-xB was correlated with the dif-
ferential sensitivity of colon cancer cells to TNFa-induced
apoptosis. To answer the question, we employed a gel-shift
assay using an oligonucleotide probe encoding specific NF-
kB binding sequences. The specificity of NF-xB binding to
the probe was confirmed by competition with excess unla-
beled oligonucleotide and supershift by anti-p50 antibodies
(Fig. 6). As shown in Fig. 6, DLD-1, WiDr and HCT-15 ex-
hibited constitutive binding of NF-xB without treatment of
TNFa. Treatment with TNF o resulted in the rapid and pro-
longed induction of NF-xB binding in DLD-1 and WiDr.
NF-kB activation was also observed in HCT-15 with TNFa
treatment for up to 1h. However, NF-kB complexes, espe-
cially p50 homodimer binding, was significantly diminished
after 4h of TNFo treatment in HCT-15 cells. Recently, Ravi
et al® reported that ligation of CD95, a potent apoptotic
stimulus in lymphocytes, induced proteolytic cleavage of p65
and p50 by caspase-3 and proposed that CD95-induced
cleavage of NF-kB subunits sensitized T cells to apoptosis.
Since significant activation of caspase-3 was seen only in
HCT-15, not in DLD-1 (Fig. 4), the subsequent disappear-
ance of p50 binding activity in EMSA upon TNF ¢ treatment
in HCT-15 might be associated with the proteolytic cleavage
of p50 by caspase-3.

Overexpression of the IxBa Mutant Enhanced TNFo-
Induced Apoptosis To test whether the level of cellular
NF-kB activity can affect TNFo sensitivity, IkBa™ (SS-
AA), the non-phosphorylated mutant form of IkBa which
forms a stable complex with NF-xB,?" was transiently over-
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Fig. '5. Expression of TNFRI(p55) and Other Factors Associated with the TNFa Signal Transduction Pathway in Human Colon Cancer Cells

(A) The expression of FLICE, Fas, FADD, DR3, FAP, FAF, TNFR, TRADD. and RIP were determined by RNase protection assay as described in Materials and Methods. Total
RNA was extracted from the indicated cell lines and 10 tg RNA was used for each lane. The expression of L32 was monitored as a control. * indicates non-specific band. (B) The
expression of TNFRI(pS5) protein was determined by flow cytometry using specific antibodies as described in Materials and Methods. Similar results were obtained from at least 3
independent experiments. Filled histogram, stained with normal mouse IgG:; open histogram. stained with anti-TNFR1(p55) antibody.
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Fig. 6. The NF-xB Activity Determines the Sensitivity of Colon Cancer Cells

to TNFo-Induced Apoptosis

DLD-1, WiDr and HCT-15 cells were treated with TNFa (25 ng/ml) for the indicated time periods. Five microgram of nuclear extract was used for each reaction. The reaction
mixtures were incubated with P¥-labeled oligonucleotide as probe and analyzed by gel-shift assay as described in Materials and Methods. C indicates 100-fold excess amount of

unlabeled probe used for competition to show the binding specificity.

expressed in DLD-1. TNF e treatment decreased the viability
of DLD-1 cells containing control vector (p)CMV), in that the
number of blue cells in the wells treated for 16 h with TNFe
was about 53% of the number in the untreated wells (Fig. 7).
By comparison, about 5% of the cells co-expressing [kBo™

(SS—AA) survived 16 h of treatment. Thus, the results indi-
cated that the inactivation of NF-xB sensitized the DLD-1
cells to TNF a-induced apoptosis.
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Fig. 7. Effect of the Expression of the IxBoa™ on Viability of TNFao-
Treated DLD-1 Cells

Cells were cotransfected with 1 ug pCMV-figal and 10 ug of the indicated expression
vector as described in Materials and Methods. Aliquots of the transfected cell cultures
were seeded on duplicate wells. After 16 h of incubation with 25ng/ml TNFe, cells
were fixed and stained with X-gal. Each bar represents the ratio of transfected cells in
the well treated with TNF to transfected cells in the untreated well. The results repre-
sent mean+S.E. values of four separate transfection experiments.

DISCUSSION

Although TNF« induces cytotoxic effects against many
different types of human cancer cells, it also causes in the re-
sistance of many cancer cells to TNF a-mediated killing, thus
limiting its use in cancer therapy.***¥ In this study, we
showed that TNFo induced apoptosis in colon cancer cells
and that the effect of TNF ¢ in individual cell lines was well
correlated with the activation of NF-xB following TNF«
treatment. Overexpression of the non-phosphorylated mutant
form of IxB o enhanced the cytotoxic effect of TNFo on the
relatively resistant cell line DLD-1, indicating a key role for
NF-xB in cellular resistance in the cells. Similar to our re-
sults, activation of NF-xB by a variety of apoptotic stimuli
including TNFa, chemotherapeutic drugs, and radiation has
been shown to counteract the cytotoxic effects of stimuli in
cells such as melanoma, breast cancer and prostate cancer
cells in vitro.?® 3% Recently, Wang et al. showed that inhibi-
tion of NF-xB sensitized chemoresistant tumors to TNFo
and chemotherapeutic drugs, resulting in tumor regression in
vivo.*® However, the role of NF-xB activation in protection
of cells from apoptosis has remained controversial. Stable in-
hibition of NF-xB activation in several cancer cell lines by
mutated 1xBo did not modify cell death induced by TNFo
and chemotherapeutic drugs and NF-xB activation by hyper-
oxia did not counteract cell death caused by hyperoxia.*>—%
Since such differences might be best explained by cell-type
specificities, it may be necessary to characterize the conse-
quences of NF-xB activation in individual cancer cells after
TNF o and other chemotherapeutic drug treatment.

Our data suggested that the differential susceptibility of
colon cancer cells to TNFo-induced apoptosis was associ-
ated with differential NF-xB activity. Although the mecha-
nism by which NF-xB suppresses apoptosis has not been
clearly defined, NF-xB may induce cell survival by regulat-
ing unidentified, anti-apoptotic genes. In this regard, TRAF1,
TRAF2, the inhibitor-of-apoptosis (IAP) proteins, c-IAP1
and c-IAP2, and IEX-1L have recently been identified as tar-
get genes of NF-kB transcriptional activity in fibrosarcoma
and T-cell leukemia.’’*® Whether these genes play a role in
protecting TNF o-induced apoptosis in resistant colon cancer
cells needs to be determined. Our results also suggested that
the procedure inhibiting the function of NF-xB may provide
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the possibility of improved efficacy of TNFo treatment for
human colon cancer. From this perspective, our result show-
ing the increased sensitivity of DLD-1 cells to TNFa treat-
ment by transfection of the non-phosphorylated form of
IxBa may provide useful information for the development of
a novel strategy for colon cancer treatment.

Colonic epithelium is a place where a dynamic balance be-
tween cell production at the base and cell death at the surface
of the colonic crypts is precisely regulated to maintain the
steady-state cell mass.***? Since apoptosis is the final differ-
entiation step for colonic enterocytes, a progressive inhibi-
tion of apoptosis may cause a cancerous transformation that
further progresses to malignancy in the colon.*'*? Therefore,
understanding how cell death in colonic tissue is regulated
could lead to improved treatments and prevention strategies
for colon cancer. In some cancers such as Hodgkin’s disease,
constitutive NF-xB activation has been found to play an im-
portant role in generating a transformed phenotype.”*¥ In-
terestingly, we observed the constitutive DNA binding of NF-
kB in a panel of human colon cancer cell lines, which might
suggest the involvement of NF-kB in the development and
progress of colon cancer. Since TNF ¢« induces apoptosis in
the colon cells and NF-kB plays a role in the process, deter-
mining the role of NF-xB in the process of colon cancer car-
cinogenesis is of significant interest.
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