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Abstract

Tumor Necrosis Factor a (TNFa) induces both the apoptotic pathway and anti-apoptotic factors.
Incubation of human dermal fibroblasts with TAPF (TNF Apoptosis Protection Fraction) protects
them from apoptosis induced by the subsequent addition of TNF and cycloheximide (CHX). TAPF
does not protect against apoptosis induced by CHX in combination with either TRAIL (TNF
related apoptosis inducing ligand) or an agonistic Fas antibody, or against apoptosis induced by
the chemotherapeutic agent doxorubicin. Incubation with TAPF does not affect the quantity of
TNF that binds to the cell. TAPF prevents TNF-induced cleavage of caspases 8, 9, 3 and 7 and the
apoptotic substrate PARP (poly-ADP ribose polymerase), but has no effect when these molecules
are induced by an agonistic Fas antibody. TAPF induces rapid phosphorylation of the NF-xB/p65
(nuclear factor — xB) transcription factor at serine 536 which is indicative of its activation. TAPF
increases the expression of cFLIP (cellular FLICE-inhibitory protein) which is a potent inhibitor
of apoptosis that acts by preventing the cleavage of caspase 8. This increase in cFLIP is coincident
with protection from TNF-induced apoptosis. Decreasing cFLIP levels using shRNA (short hairpin
RNA) decreases protection by TAPF. TAPF also induced the anti-apoptotic A20 protein. These
data indicate that TAPF protects human dermal fibroblasts from TNF-induced apoptosis by
induction of cFLIP and subsequent inhibition of caspase 8 cleavage.
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1. INTRODUCTION

Tumor necrosis factor (TNF) has multiple functions in controlling immunity and
inflammation [1]. It is also involved in many disparate pathological conditions, including
cancer [2], and immune-mediated inflammatory diseases [e.g. rheumatoid arthritis,
inflammatory bowel disease, and ankylosing spondylitis [3,4,5,6,7]. Many of these effects
are thought to be mediated through the apoptotic cell death pathway which can be induced
by TNF [8]. Apoptosis is critical for tissue homeostasis and is important for many
physiological processes, especially immunity and embryological development. Because of
the importance of apoptosis in many pathological processes, therapies intended to stimulate
or prevent apoptosis are desirable and their rational design requires knowledge of the
mechanisms by which apoptosis is induced, the pathways that confer resistance and how
these differ between different cell types and agents that induce apoptosis.

Physiologic inducers of apoptosis also include other members of the TNF superfamily,
including FasL (CD95L) and TRAIL. All three induce apoptosis by a virtually identical
mechanism in which ligand binding stimulates recruitment of adaptor proteins to the
cytosolic portion of the receptor. This in turn activates the initiator caspase, caspase 8, by
cleavage. Activated caspase 8 stimulates both activation of the executioner caspase, caspase
3, and cleavage of Bid. Truncated Bid induces changes in the Bcl2 family proteins in the
mitochondria which lead to breakdown of the mitochondrial membrane potential and release
of cytochrome c into the cytoplasm. Cytosolic cytochrome ¢ forms a complex with APAF-1
and caspase 9 and this leads to activation of caspase 9. Activated caspase 9 is also able to
cleave and activate caspase 3. Activated caspase 3 proteolyzes multiple substrates, including
the canonical substrate poly-ADP ribose polymerase (PARP), which leads to controlled cell
disassembly and death [8].

TNF is different from FasL and TRAIL because it is a strong activator of the transcription
factor NF-xB which induces expression of a number of proteins that inhibit the apoptotic
pathway (e.g. cFLIP, IAP, A20). The relative stimulation of this anti-apoptotic pathway
versus that of the apoptotic pathway determines whether the cell lives or dies. The pathways
are conserved in most cell types, but the final fate of the cell depends on a complex
integration of multiple pathways and factors which is often dependent on the cell type as
well as other signals affecting the cell [2]. Many cells undergo apoptosis in culture only
when TNF is combined with cycloheximide (CHX). Treatment of cells, including dermal
fibroblasts [9] with TNF induces protective proteins which prevent apoptosis when TNF and
CHX are subsequently added. We have previously determined that there are several cellular
factors with different isoelectric points present in extracts from cells treated with TNF
which, when incubated exogenously with fibroblasts, protect them from apoptosis induced
by TNF plus CHX [9]. The TIP-B1 (pl ~ 4.7) protective protein has been cloned and
characterized [9-11].

In this study, we investigated the mechanism whereby a fraction with a pl of ~ 5.5 inhibits
the TNF-induced apoptotic pathway. This fraction, which we have termed TNF Apoptosis
Protection Fraction (TAPF), activates NF-xB/p65, induces A20 and cFLIP and inhibits TNF-
induced activation of caspase 8 as well as subsequent cleavage of caspases 9, 3, 7 and PARP.
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Decreasing the levels of cFLIP using shRNA decreased protection by TAPF, thereby
verifying the role of cFLIP in TAPF-induced protection. Surprisingly, induction of cFLIP
was not sufficient to protect the cells from apoptosis induced by either an agonistic Fas
antibody or TRAIL.

2. EXPERIMENTAL PROCEDURES
2.1 Cell Culture

Human dermal fibroblasts (NHDF, Clonectics Corporation, San Diego, CA) were
maintained in DMEM supplemented with 25 mM HEPES and 10% Fe2*-enriched calf sera.
Cell monolayers were harvested when they reached 80% confluence; detachment was by
using 0.05% trypsin containing 0.53 mM EDTA. Only cells growing exponentially in the
first 8 passages were used. Phoenix-AMPHO retroviral packaging cells (SD-3443), obtained
from ATCC (Rockville, MD), were maintained in DMEM supplemented with 1% penicillin,
1% streptomycin, 1% glutamine and 10% fetal calf sera and were harvested similarly as
described for NHDF. Cultures were tested for mycoplasma at regular intervals (by the
Roswell Park Tissue Culture Facility) and found to be negative.

2.2 Reagents

TNF (recombinant human, 1 unit = 0.4 ng) was a gift from the Asahi Chemical Industry Co,
Ltd. (Shizwoka-ken, Japan). Agonistic Fas antibody (clone CH11) and TRAIL were
purchased from Upstate (Lake Placid, NY) and BIOMOL (Plymouth Meeting, PA),
respectively. Doxorubicin (DOX, Adriamycin) was a gift from Adria Labs (Columbus, OH).

2.3 Induction of Apoptosis

NHDF were dispensed into a 96-well plate (2x10% cells/well) and allowed to adhere.
Apoptotic agents were added 24h later and viable cells were measured after an additional
24h (TNF, TRAIL, agonistic Fas antibody) or 48h (doxorubicin) by cellular enzymatic
reduction of MTT and spectrophotometric detection of the formazan product as described
previously [9]. The final volume of the assays was 200 pl. The final concentrations were: 1.3
x 107°M doxorubicin, 50 pg/ml CHX in combination with either 70 ng/ml TNF or 0.06
pg/ml agonistic Fas antibody or 10 pg/ml TRAIL.

2.4 Protection from Apoptosis

Fractions to be tested for protective activity were incubated at multiple concentrations (serial
two-fold dilutions spanning several log orders) with adhered NHDF (final volume, 100ul)
for 6-18 h prior to the addition of apoptotic agents. Protection was determined by
comparison with controls that were incubated with medium instead of putative protective
fractions. Percent protection was calculated based on the formula: [(As7¢experimental—
As570 TNF+CHX)/(A570CHX-A570 TNF+CHX)]x100.

2.5 Preparation of Cellular Extract and Partial Purification of TAPF

Cellular extracts were generated and subjected to isoelectric focusing in solution as
described previously [9]. Briefly, NHDF were treated with 4 ng/ml TNF for 18h. The cells
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were harvested, lysed by sonication in 10 mM sodium phosphate (pH 7.4) plus protease
inhibitors, centrifuged at 12,000 x g and the supernatant was centrifuged at 100,000 x g. The
resulting supernatant is the cellular extract. The cellular extract (3mg protein, determined
using BCA Protein Assay, Pierce, Rockford, IL) was subjected to isoelectric focusing on a
Rotofor apparatus (Bio-Rad, Hercules CA) using Bio-Lyte 3/10 ampholytes (Bio-Rad,
Hercules CA). Ampholytes were dissociated from proteins by incubation with 1M NaCl.
Salt and ampholytes were removed by extensive buffer exchange into 10 mM sodium
phosphate using 2ml centrifugal filtration devices which retained species with a molecular
mass greater than 20 kDa.

2.6 Quantification of Cell Binding of TNF

Cellular binding of biotinylated TNF compared to a non-specific biotinylated probe
(soybean trypsin inhibitor) was assessed using a commercially available kit (R&D Systems,
Minneapolis, MN) according to the manufacturer’s directions.

2.7 Immunoblot Analysis

Samples for immunoblot analysis were prepared as follows. Preparation of cellular extracts
and TAPF-enriched fractions produced by isoelectric focusing are described above. For
analysis of NHDF infected with ShRNA, washed cell pellets were lysed by freezing and
thawing in 500 pl of 10 mM sodium phosphate plus protease inhibitors [9], centrifuged at
16,000 x g and the protein concentration of the supernatant was determined (BCA Protein
Assay, Pierce). All other samples were generated by lysing equal numbers of washed NHDF
monolayers following treatment directly from multiple wells of a 96 well plate with SDS-
PAGE sample buffer.

Protein samples were separated on 12.5% SDS-PAGE gels, and transferred to PVDF
membranes (Millipore Co., Bedford, MA) in transfer buffer (25 mM Tris base, 192 mM
glycine, 15% methanol). Membranes were blocked for 1h in 5% dry milk in Tris-buffered
saline plus 0.1% Tween 20 (TBST), incubated overnight in primary antibody diluted in 5%
milk/TBST, washed for 3 x 5 min in TBST, incubated with the appropriate secondary
antibody (conjugated to alkaline phosphatase or horseradish peroxidase) in 5% milk/TBST,
then washed for 3 x 5 min in TBST prior to detection of alkaline phosphatase activity (CDP-
Star, Tropix, Bedford, MA) or horseradish peroxidase activity (ECL plus, GE Healthcare,
Piscataway, NJ) and exposure to film. Reactive proteins were identified based on their
published mobilities as reflected by comparison to pre-stained protein migration markers
resolved on and transferred from the same gel as the experimental samples. Primary
antibodies, the dilutions used and suppliers are: TNF [1:1,000 gift from the Asahi Chemical
Industry Co, Ltd. (Shizwoka-ken, Japan)], B-actin (1:10,000, Calbiochem, La Jolla, CA),
caspases 8, 9, 3, 7, PARP, phospho ser®36 NF-xB/p65, phospho thr292 p44/tyr204 p42 MAP
kinase (i.e. ERK1 and ERK?2), total p44/p42 MAP kinase, phospho thr308 Akt, Akt (1:1,000,
Cell Signaling Danvers, MA), total NF-xB/p65 (1:10,000, StressGen, Ann Arbor, Ml),
cFLIP (Dave-2, 1:1,000, Axxora, San Diego, CA), A20 (1:1,500, Calbiochem, La Jolla,
CA).
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2.8 Retroviral Infection of NHDF with shRNA

Plasmids encoding three different 29 mer short hairpin RNAs (ShRNAs) targeting cFLIP, one
encoding a non-specific ShRNA (targeting GFP) and a vector control were purchased
(Origene, Rockville MD). NEB5-a. E. coli were transformed with the individual plasmids
and plasmids were purified using commercial kits (Qiagen, Valencia CA). Phoenix-AMPHO
retroviral packaging cells were transfected with plasmid, the supernatant containing the virus
was harvested and was then used to infect NHDF. Briefly, 5x10% Phoenix-AMPHO cells
were plated (6 x 10 cm plate) and transfected 24h later using the calcium phosphate
precipitation method in the presence of 25 uM chloroquin diphosphate. Viral supernatants
were harvested 48h later, filtered through a 0.45 y filter, supplemented with polybrene
(hexadimethrine bromide) at 4ug/ml and used to infect NHDF (plated 24h previously at
8x10° cells per 6 x 10 cm plate). Media was changed 24h post-infection and selection with
2.5 pg/ml puromycin was initiated 24h later.

2.9 Data Analysis

Data were analyzed using Microsoft Excel. When Ag7q or Percent Protection are shown,
data are indicated as mean + standard deviation. For determination of p values, SigmaStat
was used.

3. RESULTS

3.1 TNF treatment induces an activity within a pl # 5.5 fraction which protects fibroblasts
from TNF-induced cytotoxicity

As we have reported previously for several different fibroblast cell lines [9], human dermal
fibroblasts (NHDF) treated with TNF are no longer sensitive to cytotoxicity induced by the
subsequent addition of TNF and CHX. To determine if resistance to apoptosis was mediated
by upregulation of cellular factor(s) which were active when added exogenously to cells,
NHDF were treated with 4 ng/ml TNF, lysed and a cellular extract was prepared. When this
extract was incubated with NHDF, the cells were no longer killed by TNF and CHX (Fig.
1A). Visual microscopic examination prior to reaction with MTT revealed both a
considerable decrease in cell number and increase in apparent cellular debris following the
addition of TNF+CHX compared to cell samples which were untreated, treated with CHX
alone or pretreated with extract prior to the addition of TNF+CHX (data not shown). These
data indicate that decreased MTT reactivity is due to cytotoxicity, rather than decreased
cellular metabolic activity, in these studies. The amount of protection increased with
increasing protein concentration (Fig. 1A). When the cellular extract was prepared from
NHDF without TNF treatment, no protective activity was observed at concentrations up to 4
ug (Fig. 1A). However, higher amounts of cellular extract from untreated NHDF (e.g. 12 pg)
did induce significant protection (data not shown) which suggests that the level of the
protective factor(s) is/are low in untreated NHDF and is/are induced upon TNF treatment.
The increase in the protective activity induced by TNF was dependent on the time of TNF
treatment (Fig. 1B). The fact that some protection was exerted at 0 h, namely, without TNF
treatment, confirms that protective activity is also present in normal extracts and is
augmented in extracts from cells treated with TNF. Increased protective activity was
detected in the cellular extract as early as 30 min after initiation of TNF treatment and
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increased thereafter (Fig. 1B). Protective activity reached a maximum at ~6 h and remained
at this level until 18 h after initiation of TNF treatment (Fig. 1B). The increase in the
protective activity induced by TNF was also dependent on the concentration of TNF (Fig.
1C).

To enrich for the protective factor(s), the cellular extract from NHDF which had been treated
with 4 ng/ml TNF was divided into 20 fractions by isoelectric focusing in solution and the
ampholytes were removed. Unlike previous data from HEL-299 fibroblasts, which indicated
multiple protective factors with differing isoelectric points [9], with NHDF there was a
single peak of protective activity with a pl =~ 5.5 (Fig. 2). The specific activity was increased
~40-fold by this single purification step, and the protective activity in the active fraction
increased with increasing protein concentrations. Hereafter, this protective activity will be
referred to as TAPF (TNF Apoptosis Protection Fraction). Multiple (>10) independent
preparations of TAPF were used in these investigations and produced similar results. The
protein profile of the active fraction was compared to that of a corresponding (same pl)
inactive fraction generated identically to that described above but from cells that had not
been treated with TNF. No discernible differences in the pattern or expression levels of the
proteins detected following SDS-PAGE and staining with either silver or Coomassie blue
were apparent. In subsequent experiments, the activity of the fraction containing TAPF was
compared to that of the negative fraction (NEG) to confirm that the activity examined is due
to TAPF and not to other components of the fraction.

3.2 TAPF is not TNF

Treatment of fibroblasts with TNF protects them from the cytolysis induced by the
subsequent addition of TNF and CHX [9]. TNF treatment can induce endogenous TNF [12],
and the isoelectric point of TAPF (~ 5.5) is similar to that of TNF [5.3, [13]]. The possibility
that TAPF was TNF was investigated. The levels of TNF were examined by immunoblot
analysis of cellular extracts from NHDF which were either untreated or treated with TNF.
Whereas TAPF activity was induced in cells which had been treated with TNF (Fig. 2),
immunoreactive intracellular or extracellular TNF was not (Fig. 3). Additionally, the levels
of TNF present in the fractions generated during purification were similarly examined and
did not correlate with the levels of TAPF protective activity.

3.3 Although TAPF protects NHDF from TNF, it does not protect against cytotoxicity
induced by agonistic Fas antibody, TRAIL, or doxorubicin

Since the apoptotic pathways induced by the TNF Superfamily members FasL and TRAIL
are highly similar to that induced by TNF, whereas the chemotherapeutic drug doxorubicin
induces apoptosis by a different pathway, we hypothesized that TAPF would protect against
apoptosis induced by FasL and TRAIL, but not doxorubicin. Surprisingly, when NHDF were
incubated with TAPF and then apoptosis was induced by agonistic Fas antibody and CHX,
TRAIL and CHX, or doxorubicin alone, there was no apparent protection against any of
these agents (Fig. 4). TAPF may even increase apoptosis by these agents. Protection against
TNF and CHX was performed in parallel and served as a positive control (Fig. 4). Visual
microscopic examination prior to reaction with MTT revealed both a considerable decrease
in cell number and increase in apparent cellular debris following the addition of TNF+CHX,
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agonistic Fas antibody + CHX, TRAIL + CHX or doxorubicin compared to cell samples
which were untreated, treated with CHX alone or pretreated with TAPF prior to the addition
of lytic agents (data not shown). These data indicate that decreased MTT reactivity is due to
cytotoxicity, rather than decreased cellular metabolic activity, in these studies.

3.4 TAPF does not affect the level of TNF: TNFR association

Since TAPF functions when added exogenously and only protects against apoptosis induced
by TNF, we hypothesized that TAPF might act by blocking the binding of TNF to its
receptors. To examine this, the amount of TNF bound by untreated NHDF was compared to
that bound by NHDF which had been incubated with TAPF. There was significantly more
binding of TNF to the cells when compared to the binding of a non-specific probe (compare
bar 1 to 3 and bar 2 to 4, Fig. 5). However, there was no significant difference in the amount
of TNF bound between the untreated and TAPF-treated cells (compare bar 3 to 4, Fig. 5).

3.5 TAPF prevents TNF-induced cleavage of PARP and caspases 8,9, 3 and 7

Because TAPF protected NHDF from cytotoxicity induced by TNF, we hypothesized that
TAPF inhibited a known step in the TNF-induced pathway of apoptosis and that this step
and all subsequent apoptotic steps would be inhibited after incubation with TAPF. Cleavage
of PARP and caspases 8, 9, 3 and 7 were examined by immunoblot analysis in samples from
cells that had been untreated, treated with TAPF, or treated with the negative control fraction
prior to the addition of TNF and CHX. TAPF inhibited TNF-induced cleavage of all the
proteins examined, whereas the negative control fraction did not (Fig. 6, left panel).
Consistent with its inability to protect against apoptosis induced by Fas, TAPF had no effect
on cleavage of PARP or caspases 8, 9, 3 and 7 when they were induced by an agonistic Fas
antibody and CHX (Fig. 6, right panel). These data provide additional confirmation that the
decreased conversion of MTT to formazan documented in Figs 1 and 2 is indeed indicative
of cytotoxicity, specifically apoptosis, rather than an effect on oxidoreductase enzyme
activity.

3.6 TAPF induces phosphorylation of the p65 subunit of NF-xB and IxBa

Multiple intracellular proteins which inhibit the apoptotic pathway are induced by the NF-
kB transcription factor [14]. To determine if TAPF could activate NF-xB, the ability of
TAPF to induce phosphorylation of the p65 subunit of NF-xB on serine 536, which is
indicative of its activation, was examined by immunoblot analysis. TAPF, but not the
negative control fraction, induced rapid and significant phosphorylation of NF-xB (Fig. 7,
upper panel). Activation of NF-xB is typically preceded by phosphorylation and subsequent
degradation of its inhibitor IxBa.. Immunoblot analysis of cellular extracts generated at
different times after initiation of treatment with TAPF indicated that TAPF induced
phosphorylation of IxBa which led to its degradation (Fig. 7, lower panel).

3.7 TAPF increases cFLIP and its induction is coincident with induction of protection

Because caspase 8 cleavage was the earliest step in the apoptotic pathway demonstrated to
be inhibited by TAPF (Fig. 6) and TAPF activated NF-xB (Fig. 7), we investigated the effect
of TAPF on the NF-xB-inducible caspase 8 inhibitor protein cFLIP [15] by immunoblot
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analysis. TAPF increased cFLIP, whereas the negative control fraction did not (Fig. 8A).
When cFLIP and protection were examined in parallel, this increase in cFLIP was coincident
with TAPF-induced protection against TNF and CHX (Fig 8B).

3.8 Decreasing cFLIP levels decreases TAPF-induced protection

To evaluate the role of cFLIP in protection against TNF and CHX mediated by TAPF, basal
levels of cFLIP were lowered in NHDF using shRNA directed at cFLIP (Fig. 9A). When the
ability of TAPF to protect against apoptosis induced by TNF and CHX was compared
between cells with basal and lowered levels of cFLIP, those with lowered cFLIP levels were
significantly less sensitive to protection by TAPF (Fig. 9B).

3.9 TAPF increases A20 but does not activate ERK or Akt

Another NF-xB-inducible protein which has been connected to resistance to apoptosis
induced by TNF is A20 [17]. When the effect of TAPF on A20 levels in NHDF was
examined by immunoblot analysis, A20 levels were increased by TAPF but not by the
negative control fraction (Fig. 10). The kinetics of this increase in A20 paralleled the
protection against TNF and CHX. (Compare Fig. 10 with Fig. 8B). The effect of TAPF on
two other proteins connected to resistance to TNF, ERK and Akt [18], was also examined by
immunoblot. TAPF did not increase the levels of their phosphorylated forms, thereby
indicating that TAPF did not activate either of these two proteins (Fig. 10). Akt
phosphorylation was examined at earlier times after TAPF treatment (5 and 15 min) with an
antibody against Akt phosphorylated on ser4’3 and the levels were also unchanged.

4. DISCUSSION

The data reported herein indicate that: TAPF is induced in culture by treatment with TNF,
and protects fibroblasts (NHDF) from apoptosis induced by the subsequent addition of TNF
and CHX. Despite their similar isoelectric points, TAPF is not TNF based on a lack of
correlation between immunoreactive TNF and protective activity (Fig. 3) as well as TAPF’s
inability to activate ERK and Akt (Fig. 10). Indeed, published studies indicate that TNF
activates ERK [18] in fibroblast-like synoviocytes and Akt in normal human FS-4 dermal
fibroblasts [19].

The spectrum of cells protected from TNF-induced apoptosis by TAPF is different from that
protected by the fibroblast-derived TIP-B1 protective protein which we have studied
previously. TIP-B1 protects human dermal fibroblasts [9,10], U937 human histiocytic
lymphoma [9,10] and MCF7 human mammary adenocarcinoma [10,11]. TAPF, however,
protects human dermal fibroblasts, but does not protect MCF7, U937, HCC1937 human
mammary carcinoma, MCF10A immortalized human mammary epithelial cells and HT29
human colon adenocarcinoma. These data indicate that the cellular response to protective
factors is dependent on both the cell type and the protective factor examined.

Although prepared from cell lysates, TAPF is able to protect NHDF from apoptosis induced
by TNF and CHX following exogenous incubation of NHDF with TAPF. We hypothesize
that TAPF is secreted by NHDF following their exposure to TNF and that secreted TAPF
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then acts in an autocrine fashion by binding to an unknown receptor on NHDF and inducing
the signal transduction cascade documented herein.

TAPF protects NHDF from apoptosis induced by TNF and CHX by inhibiting caspase-8
cleavage and all downstream apoptotic indicators which were examined (i.e. cleavage of
PARP and caspases 9, 3 and 7). The inhibition of caspase-8 activation which is induced by
TAPF was mediated by an increase in cFLIP, and decreasing cFLIP levels with ShRNA
decreases TAPF protection. The increased cFLIP resulted from activation of the NF-xB
transcription factor. Although both NF-xB and Akt can induce cFLIP expression, TAPF
activated NF-xB but not Akt.

Despite its induction of cFLIP, TAPF did not inhibit apoptosis induced by CHX in
combination with either an agonistic Fas (CD95) antibody, TRAIL or DOX. Additionally,
TAPF did not affect the cleavage of caspase-8 (nor cleavage of PARP and caspases 9, 3 and
7) when they were induced by agonistic Fas antibody and CHX. This is surprising since a
published study indicates that cFLIP is associated with resistance of normal dermal
fibroblasts [20] to Fas-induced apoptosis. However, in that study, although apoptosis is
induced in dermal fibroblasts only when the agonistic Fas antibody is combined with CHX,
the effect of decreasing the levels of cFLIP via introduction of antisense oligonucleotides on
apoptosis induced by agonistic Fas antibody in combination with CHX was not reported
[20]. Instead, the data indicate that the antisense ologonucleotide combined with agonistic
Fas antibody had slightly increased TUNEL staining when compared to the nonsense
oligonucleotide plus agonistic Fas antibody or agonistic Fas antibody alone [5% versus 2%
versus 1%, respectively]. However, the effect of the antisense oligonucleotide alone was not
reported and the slight increase in apoptosis may merely result from a decrease in the
cellular levels of cFLIP. As a whole, those data do not support the conclusion that cFLIP is
involved in resistance to agonistic Fas antibody in dermal fibroblasts. The present study
demonstrates the inability of increased cFLIP to protect against apoptosis induced by an
agonistic Fas antibody and CHX.

Since both Fas and TRAIL are poor activators of NF-xB, they typically induce apoptosis
more rapidly than TNF [13]. However, examination of the kinetics of caspase 8 cleavage
induced by TNF and Fas in NHDF revealed that cleaved caspase 8 was detected at similar
times after addition of the apoptotic agent and CHX. Thus different kinetics of caspase-8
activation did not appear to explain the inability of TAPF-induced increased cFLIP to protect
against apoptosis induced by Fas.

Our hypothesis as to why increased cFLIP prevents apoptosis induced by TNF, but not that
induced by Fas or TRAIL, is based on the differences in signaling between TNF versus Fas
and TRAIL. Apoptosis induced by TNF involves two sequential signaling complexes. First
formed is complex | which is membrane bound, contains TNFR1, TRADD, RIP1 and
TRAF2 and rapidly activates NF-xB. Next formed is complex Il which is cytosolic, contains
TRADD, RIP1, FADD and caspase-8 and induces apoptosis [21]. In contrast, Fas and
TRAIL signaling occurs through a single membrane bound complex consisting of the
appropriate receptor, FADD and caspase-8 [22]. It may be that complex 11 formed by TNF is
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more efficiently inhibited by cFLIP than is the complex formed by Fas and TRAIL because
of either their different subcellular locations or protein composition.

The data suggest another hypothesis for why increased cFLIP protects the cells against TNF,
but not against Fas or TRAIL, which may function as either an alternative to or in addition to
the one presented above. TAPF not only increased cFLIP levels, but also increased A20
levels. A20 has been implicated as a protective factor against apoptosis induced by TNF
[16,17]. A20 inhibits apoptosis induced by TNF by interfering with the formation of
complex I. The concomitant increase in both A20 and cFLIP which would lead to inhibition
of complex | and complex |1, respectively, may be required for complete protection against
apoptosis induced by TNF. The increased cFLIP may be capable of binding to the complex
formed by Fas and TRAIL, however, the increased cFLIP bound may be insufficient to
inhibit apoptosis induced by these agents. The data utilizing ShRNA against cFLIP
unequivocally implicate cFLIP in the TAPF-induced resistance to TNF-induced apoptosis.
However, those data cannot exclude that additional factors are also involved in the induction
of resistance. Studies in which A20 protein levels were decreased using sShRNA would test
the hypothesis that the increase in A20 is another mediator of TAPF-induced resistance to
TNF-induced apoptosis.

The data presented indicate that TAPF protects NHDF from apoptosis induced by TNF and
CHX, at least in part, through an NF-xB-induced increase in cFLIP. However, this increased
cFLIP does not result in protection from CHX in combination with either Fas or TRAIL.
These results reinforce the importance of directly examining the pro-apoptotic and anti-
apoptotic activities of each specific factor in each particular system rather than inferring the
response based on the canonical apoptotic signaling pathway.
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Highlights

pl~5.5 TAPF prevents apoptosis induced by TNF but not by TRAIL, Fas or
doxorubicin

TAPF prevents TNF-induced, but not Fas-induced, cleavage of caspases
8,9,3,7 & PARP

TAPF activates NF-xB/p65 via phosphorylation and degradation of 1xB

TAPF increases cFLIP which is required for protection; TAPF also increases
A20

TAPF does not interfere with TNF: TNFR binding; TAPF does not activate
ERK or Akt
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Fig 1. TNF treatment induces a protective factor in NHDF (A) and this is dependent on both the
time (B) and concentration (C) of treatment with TNF

A NHDF were treated with 4 ng/ml TNF for 18h or left untreated. Cellular extracts were
prepared and equal amounts of protein from extracts of treated (black bars) and untreated
(white bars) cells were examined for their ability to protect NHDF from cytotoxicity induced
by 70 ng/ml TNF in combination with 50ug/ml CHX. Percent protection was calculated
based on the formula: [(As7gexperimental- Ags7gTNF+CHX)/(A570CHX-Ag70TNF+CHX)]
x100. The mean for each data set [n=2 for experimental fractions and n=4 for controls
(CHX, CHX+TNF) where n is the number of replicates] is shown. Where white bars are not
visible, the mean percent protection was zero. In different independent experiments, the
As7g values for CHX+TNF varied between 2%—-20% of the Ag7g values for CHX alone.
As7o for CHX was the same as that of untreated NHDF (Fig 4). Data are representative of 3
independent experiments. B: NHDF were treated with 4 ng/ml TNF for various times as
indicated. Cellular extracts were prepared and the protective activity was evaluated and
compared to that present in untreated cells (Oh). Percent protection was calculated as
described above for Fig 1A. The protection afforded by 2 ug (¢__4) and 4 g (H---H) of
protein is shown. The mean (n=2-4) for each data set is shown. Data are from one of three
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independent experiments. C. NHDF were treated for 6h with the indicated concentrations of
TNF. Cellular extracts were prepared and the protective activity afforded by equivalent
amounts of protein (as indicated in the inset legend) was evaluated and compared to that
present in untreated cells. Percent protection was calculated as described in Fig. 1A. The
mean (n=4) for each data set is shown. Data from one of two independent experiments are
shown.
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Fig. 2. The fraction of pl = 5.5 has protective activity
Cellular extracts (3 mg) from untreated NHDF (O, dashed gray line) and NHDF following

treatment with 4 ng/ml TNF for 18h (M, solid black line) were separated by isoelectric
focusing in solution. Ampholytes were removed and equivalent amounts of each fraction
were assayed for protective activity. Percent protection was calculated as described for Fig.
1A. As7g for untreated NHDF was the same as that for the three controls: CHX alone (Fig
4), fraction alone (data not shown) and fraction + CHX (data not shown). The average
percent protection (CJ,M, n=2-4) is shown. The average pH (of the same fraction number
from treated and untreated cellular extracts) for each fraction is shown (A, dashed black
line). Data shown are representative of multiple (>10) experiments using multiple (>10)
independently-generated cellular extracts.

Cytokine. Author manuscript; available in PMC 2018 January 16.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Seol et al.

Page 17
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Fig 3. TNF treatment of NHDF does not induce endogenous TNF
Equal amounts (15 ug) of cellular extract from cells which were untreated (=) or treated with

4 ng/ml TNF for 18h (+) were immunoblotted with anti-TNF antibody. Molecular masses of
markers are indicated. Three independent matched (untreated and treated cellular extracts
prepared in parallel) preparations are shown.
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NHDF were incubated without or with TAPF prior to induction of lysis by TNF + CHX,
agonistic Fas antibody + CHX, TRAIL + CHX or doxorubicin alone; lysis was measured by
cellular enzymatic reduction of MTT and spectrophotometric detection of the formazan
product. Induction of cytotoxicity was for 48h with doxorubicin and 24h with the three other
agents. Bar height represents the mean of each data set (n=3). White bars are cells alone, the
gray bar is CHX alone, black bars are the combination of lytic agents + CHX, the striped
bars are TAPF incubation prior to the addition of lytic agents (= CHX as indicated) and the
dotted bar is doxorubicin alone. One representative experiment out of two is shown for
TRAIL and doxorubicin, one of four for agonistic Fas antibody and one of >20 for TNF.
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Fig 5. Incubation with TAPF does not change cellular TNF binding capacity
NHDF were incubated with or without TAPF prior to binding of either biotinylated soybean

trypsin inhibitor (negative control, NC) or biotinylated TNF. Following washing, the bound
probe was detected by fluorescence. The mean + standard deviation for each data set is
shown. The p value for comparison of the first to the third condition was 0.002, the second
to the fourth condition was 0.006 and the third to the fourth condition was 0.149. The
experiment was performed three times and similar results were obtained each time. The
graph and statistics include the data from all three experiments combined (n=5).
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Fig 6. TAPF prevents TNF-induced cleavage of PARP and caspases 8, 9, 3 and 7 but not cleavage
induced by Fas

NHDF were untreated, incubated with TAPF or incubated with the negative fraction (NEG)
prior to the addition of CHX + either TNF (8h) or agonistic Fas antibody (18h) as indicated.
Treatment with CHX alone or no treatment whatsoever were performed in parallel as
controls. Cells were washed, lysed and equal volumes were analyzed by immunoblotting for
the indicated proteins. Only one representative B-actin panel is shown. Data were replicated
in two to five independent experiments.

Cytokine. Author manuscript; available in PMC 2018 January 16.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Seol et al.

Page 21

NEG TAPF
Time (hr) 0 008 02505 1 3 6 (00802505 1 3 6
p-NF-kB/p65 — . — g — - —
B'actin — D e S . -
NF-kB/p65 T e R R R S S| S SR S S . —
B-actin T e el GHED e | . TR TR W m—
p-NF-AB/NF-xB | 10 15 27 3.1 38 26 22|39 83 99 81 50 1.1
p'l'kBU. - - - - -
-acti
B-actin -— R e W e T e e S e -
FB s amemm M e
B-actin W TR ER AR A e T e b W TR T e
p-I-kBo/l-kBa |10 24 59 53 42 29 30 |23 70 98 114 37 9

I-kBa./B-actin

14 14 11 13 14 16 14

14 08 04 06 12 12

Fig 7. TAPF activates NF-xB/p65 by inducing phosphorylation and subsequent degradation of its

inhibitor I-xBa.

NHDF were either untreated (0 hr), incubated with TAPF or incubated with the negative
fraction (NEG) for the times indicated. Cells were washed, lysed and equal volumes were
analyzed by immunoblotting for the indicated proteins. For quantification, each protein was
first normalized to the corresponding B-actin signal and used to calculate the ratios of
phosphorylated to total NF-xB/p65 and I-xBa.. One representative experiment out of two
independent experiments is shown.
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Fig 8. TAPF induces cFLIP and the levels of cFLIP increase concomitantly with protection
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A: NHDF were either not treated (Oh), incubated with TAPF or incubated with the negative

fraction (NEG) for the times indicated. Cells were washed, lysed and equal volumes were

analyzed by immunoblotting for cFLIP. B: Another experiment identical to A was

Page 22

Relative Level of cFLIP (¢-+)

performed. In addition, following identical TAPF treatment of samples in parallel for the
times indicated on the abscissa, TNF+CHX were added and viable cells were stained 24h
later. Percent protection was calculated as described for Fig. 1A. For each sample, n=3.
Relative levels of cFLIP were calculated by first normalizing cFLIP to the corresponding -

actin signal; the time 0 value was set at 1 and values for all other times were reported

relative to it. Data from one of three independent experiments are shown.
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Fig 9. Decreasing cFLIP levels using shRNA results in decreased protection by TAPF
A: NHDF were infected with multiple cDNAs which encode either vector (V), an sShRNA

against GFP (NS), or three different shRNAs against cFLIP [5, 4, 3]. Following antibiotic
selection, pools of clones from each were washed, lysed and equivalent amounts (10 pg)
were analyzed by immunoblotting for cFLIP. The levels of cFLIP normalized to B-actin are
indicated. Decreased cFLIP was observed in seven independent preparations of the pool of
clone 3 and in five independent preparations of the pool of clone 5. B: pools of the clones
described in A were treated with TAPF for 18h, TNF+CHX were added and viable cells
were stained 24h later. Bar height represents the mean of each data set. For incubations with
TAPF, n=2. For controls (i.e. CHX, TNF+CHX), n=4. Percent protection was calculated as
described for Fig. 1A and utilized individual controls for each pool of clones. One
representative experiment out of four is shown.
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Fig 10. TAPF induces A20, but does not activate ERK and Akt
NHDF were either untreated (0 hr), incubated with TAPF or incubated with the negative

fraction (NEG) for the times indicated. Cells were washed, lysed and equal volumes were
analyzed by immunoblotting for the indicated proteins. Levels of A20 expression,
normalized to B-actin, are shown. Normalization of p-ERK to total ERK and phospho thr308

Akt to total Akt showed no increase (highest value = 1.5). Data from one of two independent

experiments are shown.
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