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Abstract

Fas/CD95/Apol is a transmembrane receptor known to trigger apoptotic cell death in
several cell types. In the present study, we showed that ionizing radiation (IR) and NO
donor, S-nitroso-N-acetyl-penicillamine (SNAP), sensitized Fas-induced apoptotic cell
death of HeLLa human cervical cancers. Suboptimal dose of IR and SNAP up-regul ated
cell-surface Fas antigen, detected by FACScan using FITC-anti-Fas antibody. When
combined with IR or SNAP, agonistic anti-Fas antibody CH-11 resulted in marked
enhancement of apoptosis. This sensitization was completely abrogated by anti-Fas
neutralizing antibody ZB4. During the IR and SNAP sensitized Fas-induced apoptosis,
mitochondria permeabilization, cytochrome c release, and DNA fragmentation were
detected. Furthermore, combined treatment of IR and SNAP additively up-regulated the
surface Fas protein expression and sensitized Fas-induced apoptosis. Our finding
demonstrate that sensitization of HelLa cervical cells to Fas-mediated apoptosis by IR
and NO donor is most likely due to the up-regulation of Fas expression and also
provides a means with which to sensitize tumors to the killing effects of cancer therapy
viathe Fas receptor.



1. Introduction

Fas (Apo-1/CD95), a receptor for Fas ligand, belongs to the tumor necrosis factor
receptor family and mediates apoptosis in Fas-expressing cells (1-3). Fas-mediated
apoptosis plays an important role in cytotoxic T cell-mediated and natural killer cell-
mediated cytotoxicity and apoptosis against cancer cells (4, 5). Activated cytotoxic T
cells and natural killer cells up-regulate Fas ligand on their surfaces and induce
apoptosis in cancer cells expressing Fas. Cross-linking of Fas with anti-Fas mAb has
been shown to cause apoptosisin Fas-bearing cells (6, 7).

Radiotherapy is one of the most commonly used treatments of cancer patients. The
level of cell death incurred after ionizing irradiation correlates with the induction and
amount of double-strand breakage (8). However, given the prevalence of clinica
irradiation, pathways leading to cell death remain largely unclarified.

Nitric oxide (NO), which is produced in various cell types under both physiological
and pathophysiological conditions, contributes to a variety of regulatory biological
processes. These include the regulation of vascular tone, the modulation of synaptic
transmission in the brain as well as antimicrobial and antitumor activities (9).
Nevertheless, NO appears to have both toxic and protective effect (10), and may have a
role in the pathogenesis of some diseases such as inflammation (11) and cancer (12).

Not all the Fas expressing cells undergo death after ligation of Fas receptor. For
example, human cervical carcinoma Hela cells express Fas, however they are normally
insensitive to cross-linking with anti-Fas antibody. Even though much is known about
the Fas-mediated signaling transduction, mechanisms by which the Fas sensitivity of
human cervical cancer cells is determined are poorly understood. In the present study,
we demonstrated that ionizing radiation and NO donor sensitized the resistance of
human carcinoma Hel a cells to Fas-mediated apoptotic cell death and, sensitization was
accompanied with up-regulation of Fas gene expression. Furthermore, combined
treatment of IR and SNAP additively up-regulated the surface Fas protein expression
and sensitized Fas-induced apoptosis. Our findings demonstrate that IR and NO plays a
role in the sensitization of tumor cells to Fas-mediated apoptosis, by regulation of Fas
gene expression and/or signaling toward apoptosis. The present results also raise a
possibility that IR and NO generation (NO-based therapies) can be clinically used for
the treatment of tumor patients.

2. Materias and M ethods



Mitochondrial transmembrane potential assay
Loss of mitochondrial membrane potential was measured by ApoAlert™
mitochondrial membrane sensor kit (Clontech, Palo Alto, CA), according to the
manufacturer’s instructions. Thus, 1 X 10° cells were treated with drugs and Mitosensor
was directly added to the cell media. Cells were then incubated for 15 min under 5%
CO,, while protected from light. After washing with working-diluted wash buffer,
samples were analyzed by flow cytometry.
Fas expression assay

Surface Fas antigen expression on Hel a cells was determined by flow cytometry.
Breifly, harvested cells were washed with cold buffer and incubated with anti-Fas
monoclona antibody (DAKO) for 15 min at room temperature. The cells were then
washed twice and analyzed by FACScan flow cytometry (Beckton-Dikinson).

Evaluation of apoptosis

Apoptosis was determined by staining cells with both annexin V-FITC and propidium
iodide (PI); annexin V can identify externalization of phosphatidylserine during the
apoptotic progression and detect cells in early apoptotic process. To quantitate apoptosis,
cells were washed with cold PBS and then resuspended in binding buffer [10 mM
HEPES/NaOH (pH 7.4), 140 mM NaCl, 2.5 mM CaCl,] at a concentration of 1 X 10°
cellml. Five ul of annexin V-FITC (PharMingen, SanDiego, CA) and 10 ul of PI
(PharMingen) were added to these cells, which were then analyzed with FACScan flow
cytometer (Becton Dickinson, San Jose, CA).

3. Results

To demonstrate that ionizing radiation (IR) and NO donor SNAP treatment would
affect Fas-induced apoptosis, we pretreated Hel a cells with IR and SNAP before the
addition of agonistic anti-Fas antibody CH-11 for 48 h. Normally, these cells were not
sensitive to stimulation of the Fas, since the control cells and cells incubated only with
CH-11 antibody rarely showed apoptosis, detected by FITC-annexinV and Pl staining.
In contrast, the cells pretreated with IR and SNAP before the addition of CH-11
antibody showed significantly increased apoptotic cell death. Treatment of the cells with
IR and SNAP aone marginally induced apoptosis. Fas neutralizing antibody blocked
apoptotic cell death induced by concomitant treatment with IR or SNAP together with
CH-11 (Fig 1).

To elucidate the mechanisms by which IR and SNAP sensitized HelLa cells to Fas-
mediated apoptosis, we employed Western blotting analysis to examine the expression



of anti-apoptotic molecules such as survivin, c-IAP-1/2, bcl-2, and FADD, and found
that these proteins were constitutively expressed, however, a suboptimal dose of IR and
SNAP did not affect their expression (Fig. 2A). Since it was possible that either IR or
SNAP sensitized HelLa cells to CH-11 by increasing expression of Fas ligands or
receptors, the expression of Fas ligands and receptors was analyzed after treatment of IR
and SNAP. After exposure to either 3-10 Gy irradiation or 0.2 mM SNAP, Fas receptor
expression in HelLa cells was increased at 48 h, and combined treatment with IR and
SNAP additively generated more Fas receptor than either treatment alone (Fig. 2B),
whereas the expression of Fas ligand was not detected in these cells (data not shown).

Since combined treatment with IR and SNAP additively generated more Fas receptor
than either treatment alone, we determined apoptotic cell death of the cells by treating
them with IR and SNAP together with CH-11, and found that apoptosis was additively
increased (Fig. 3). Furthermore, the cells treated with SNAP plus IR revealed much
more increased apoptosis than those treated with either IR or SNAP singulary.

4. Discussion

In the present study, we showed that ionizing radiation (IR) and exogenous sources of
NO-related species might influence the apoptotic pathway elicited by Fas-induced
apoptosis. Indeed, we found that IR and NO donor SNAP significantly sensitized Fas-
induced apoptotic cell death in a dose or concentration-dependent manner by up-
regulation of surface Fas protein. Moreover, combined treatment of IR and SNAP
additively up-regulated surface Fas protein expression and sensitized Fas-induced
apoptosis. In addition, NO releasing compounds were able to enhance susceptibility to
apoptosis induced by combination of IR and anti-Fas antibody. Recent studies, on the
involvement of Fas/FasL system and signal transduction pathway in NO-induced
apoptosis in human neoplastic lymphoid cells demonstrated that NO triggers the death
receptor system by regulating the expression of ligands involved in apoptosis like FasL
and TRAIL without altering Fas expression (13). In contrast to the above, our present
results showed that Fas-induced apoptosis of cervical carcinoma cells synergized with
the Fas agonist antibody CH-11 via upregulation of Fas when treated with NO donor,
SNAP.

It has already been established that Fas expression is induced by both T (14) and B
(15) lymphocyte activation, and it has been proposed that the increase in Fas expression
may provide a means by which activated cells may be eliminated once they have served
their function in the immune response (16). Our observation suggests an additional



function of inducible Fas. Surface expression of this receptor increased after both
irradiation and NO donor treatment. Therefore, multiple sources of cellular injury seem
to increase Fas expression, and increased Fas may serve as a marker which targets
injured cells for destruction by FasL-bearing T lymphocytes. In effect, induction of Fas
expression may serve as a means, by which the immune system can perform
immunological surveillance to identify and eliminate not only activated cells, but also
cells that have undergone injury and require apoptosis and subsequent elimination. This
mechanism would supplement the direct apoptosis-inducing effects of radiation,
nitrosative stress, and other forms of physical injury.

In summary, surface levels of Fas were enhanced following IR and NO donor
treatment. The signaling pathway for IR and NO donor-induced Fas up-regulation
appeared to be uncoupled from the pathway leading to constitutive expression in HelL a
cell, implying that more than one mechanism may exist for therapeutic manipulation of
Fas levels on target tissues. Mechanisms involved in modulating of Fas expression by
IR and NO donor treatment are not clearly understood and further studies are needed.
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Figure 1. IR and NO donor SNAP sensitize cervical carcinoma cells to Fas-mediated



apoptotic cell death
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Figure 2. Up-regulation of Fas expression of Hel.a cells by IR and NO donor SNAP.
(A) Effects of sub-lethal doses of IR and SNAP on the Survivin, clAPL/2, Bcl-2,
Bax, and FADD protein expressions, examined by Western blotting. Cell lysates
were extracted at 48 h after the treatment with varying doses of IR and SNAP. (B)



Surface Fas levels on HelLa cells were measured by flow cytometry. A
representative fluorescence staining for Fas expression after treatment with IR
and/or SNAP is shown. Cells were stained with FITC-anti-Fas Mab (gray line) or

irrelevant antibody (solid line). Numerals indicate increased mean vaue of
fluorescence intensity of treated cells.
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Figure 3. IR and SNAP additively sensitize Fas-mediated apoptosis. Apoptotic cell
death was assessed by FITC-annexinV/PI staining at 48 h after treatment of the cells
with indicated agents.
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