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Objective: The standard treatment for cervical cancer in developed countries includes surgery
and chemoradiation, with standard of care lagging in developing countries. Even in the former
case, treatment frequently yields recalcitrant tumors and women succumb to disease. Here
we examine the impact of nelfinavir, an off-patent viral protease inhibitor, which has shown
promise as an antineoplastic agent.

Methods: We evaluated the morphological and proliferative effects of the autophagy-stressing
drug nelfinavir in normal and cisplatin-resistant cervical cancer cells. Immunofluorescent vali-
dation of autophagy markers was performed and the impact of nelfinavir in an in vivo model
of tumor growth was determined.

Results: Nelfinavir exhibits cytotoxicity against both cisplatin-sensitive and -resistant ME-180
human cervical cancer cells in vitro and in vivo. Immunoblotting and immunofluorescence
showed an expression of the autophagy marker LC3-1I in response to nelfinavir treatment.
Conclusion: Nelfinavir, now available as an inexpensive generic orally dosed agent (Nelvir),
is cytotoxic against cervical cancer cells. It acts by burdening the autophagy pathway to impair
tumor cell survival and a modest induction of apoptosis. While further studies are needed to
elucidate the optimal method of application of nelfinavir, it may represent an appealing global
option for the treatment of cervical cancer.
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Introduction
In the US, it is estimated that in 2015, there were 12,900 new cervical cancer cases
and 4,100 women died from this disease.! Worldwide these numbers increased by a
factor of 40, with 500,000 new cervical cancer cases and over 250,000 deaths, placing
cervical cancer as the fourth most common malignancy in women following breast,
colorectal, and lung cancers.? Human papilloma virus (HPV) has been implicated as the
leading causative factor for the development of cervical malignancy.? Understanding
the clinical sequelae of HPV integration in cervical epithelial cells has given rise to
newer treatment options for cervical dysplasia and cancer. This includes tools target-
ing prevention through vaccination, as well as screening for early detection of HPV
DNA. The slow-growing nature of cervical cancer renders feasible treatment options
if detected early.* Once it has been diagnosed, cervical cancer is treated with surgery
and/or chemoradiation protocols.’ Despite undergoing treatment, 30%-40% of women
die from locally advanced cervical cancer.

As a largely preventable disease, cervical carcinoma disproportionately affects
women in resource-limited areas. This problem is compounded by poverty and
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limited access to screening and treatment, as well as a high
prevalence of human immunodeficiency virus (HIV) in
these regions.® In 2011, 69% of the global HIV burden was
in sub-Saharan Africa.” The link between HIV and cervical
dysplasia/invasive disease is well established,” with HIV-
positive women demonstrating significantly higher rates of
cervical intraepithelial neoplasia than HIV-negative women.®
The introduction of highly active antiretroviral therapy has
been associated with a marked decrease in the incidence of
some HIV-associated cancers such as Kaposi sarcoma and
some lymphomas.’ Yet, the results in cervical cancer have
been somewhat variable. Some studies show efficacy while
others do not.”!® This is possibly due to differences in the
specific highly active antiretroviral therapies, and even dif-
ferences within the subclasses of drugs used.

Among the viral protease inhibitors, nelfinavir has
demonstrated both anti-HIV and antineoplastic activity.'
The reasons for the latter are unclear, but may be from
direct tumor cytotoxicity and not secondary to attenua-
tion of immunosuppression. For example, nelfinavir is a
pleiotropic, although not potent, kinase inhibitor.!? It is
also an inducer of endoplasmic reticulum (ER) stress' and
autophagy.'*" It is possible that autophagy is induced sec-
ondary to, and remedial for, ER stress. Nelfinavir is unique
among antiretroviral therapies for cancer treatment,'® but
has not been further developed for treatment of neoplasia
at the pharmaceutical level. Given the oral availability of
the drug, the recent expiration of its patent, and its newly
depressed cost (<$1/pill in the US at the time of writing, for
the generic, Nelvir), it is potentially promising from a global
health perspective.

Autophagy, a process of recycling of cytoplasm and
cellular organelles in lysosomes, has emerged as a potential
biological target for treating cervical cancer.'” In response
to stress, nutrient depletion, hypoxia, or cytotoxic agents,
autophagy generally supports cell survival by alleviating
cellular stress, but it can be associated with cell death.'®
Autophagy may also govern tumor carcinogenesis and sub-
sequent metastasis.!” The core autophagy-related proteins
LC3 and Beclin-1 may confer prognostic significance in
early-stage cervical squamous cell carcinoma, as the pro-
tein levels of Beclin-1 and LC3 were significantly lower
in squamous cervical cancer cells than normal squamous
epithelial cells.? Sun et al*' showed that autophagy may
enhance paclitaxel-induced CaSki and SiHa cell death
through regulation of Beclin-1 expression. Therefore, impact
on the complex autophagic signaling pathway may provide
new therapeutic options in the treatment of cervical cancer.
In the present study, we demonstrate the cytotoxicity of

nelfinavir in ME-180 cervical tumor models in vitro and
in vivo, illustrating a potential role of autophagy-modulating
drugs in the affordable treatment of cervical cancer.

Materials and methods
Cell lines and culture, cell lines and

reagents

ME-180 cells (cervical squamous carcinoma) were originally
obtained from the American Type Culture Collection (Manas-
sas, VA, USA). ME-180 cisplatin-resistant (CPR) cells were
generated by continuous passaging in increasing doses of
cisplatin, as described previously by Donato et al,”> and main-
taining in 1 UM cisplatin media. All the cells were cultured in
Roswell Park Memorial Institute (RPMI) medium (Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
2% glucose, nonessential amino acids, sodium pyruvate, and
10% fetal bovine serum (Omega Scientific Inc., Tarzana, CA,
USA). All the cells were incubated at 37°C in a humidified
atmosphere containing 5% CO,. The cells were maintained
at log phase. Nelfinavir mesylate (Viracept) tablets for in
vivo experiments were purchased from the Moores Cancer
Center pharmacy (Agouron Pharmaceuticals, Durham, NC,
USA), and for in vitro experiments as a special synthesis order
from Creative Dynamics (Shirley, NY, USA). Cisplatin was
purchased from Sigma-Aldrich Co., St Louis, MO, USA. For
immunofluorescence studies, LC3 (#NB100-2220, Novus
Biologicals, Littleton, CO, USA) and p62 (BD Biosciences
#610382; San Diego, CA, USA) were used. AlexaFluor
secondary antibodies were used: 488 nm goat anti-mouse
(Invitrogen #A11001) and 568 nm goat anti-rabbit (Invitro-
gen #A11036; Carlsbad, CA, USA). For Western blots, actin
(Sigma #A5441-.2ML), LC3B (Novus Biologicals #NB100-
2220), p62 (BD Biosciences #610832), caspase-7 (Cell Signal-
ing #9492; Beverly, MA, USA), Grp78 (Abcam #ab21685;
Cambridge, MA, USA), Ripk1 (Cell Signaling #3493), Ripk3
(Cell Signaling #12107), and DyLight secondary antibodies
were used: 800 nm for anti-rabbit (VWR #PI135571) and 680
nm for anti-mouse (VWR # PI35518; Radnor, PA, USA).

In vitro cell viability

Approximately 10,000 cells were seeded on to 96-well tissue
culture-treated plates, allowed to adhere for 30 minutes, and
then treated with drugs or control vehicle for a total volume
of 100 pL. Plates were placed at 37°C for 48 hours. Media
was removed and the cells were washed once with 125 uL
phosphate-buffered saline (PBS). PBS was then removed and
50 uL crystal violet stain (0.11% crystal violet, 0.17 M NaCl,
22% MeOH, in water) was added. Stain was removed and
125 uL PBS was added as a wash. Supernatant was removed
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carefully to minimize cell disturbance, while permitting
maximal removal of unbound crystal violet. Plates were
then dried. Dye was solubilized with 85 uL methanol and
absorbance was read at 600 nm to determine cell density.
The percent cell loss was calculated using the formula:
100 — (100*DrugA,,/ControlA,); where A600 denotes
absorbance at a wavelength of 600 nm. All human cell line
and mouse experiments were approved by the University of

California Institutional Review Board ethics committee.

Immunofluorescence

Coverslips coated with 2 pg/mL fibronectin overnight in PBS
were placed into non-tissue culture-treated six-well plates.
Excess fibronectin was removed with PBS washes, 10k cells
were seeded directly on to the coverslip and allowed to adhere
for 30 minutes at 37°C. Media with drugs or vehicle was then
added to a total volume of 3 mL. The cells were incubated at
37°C for 24 hours. Media was removed and 1 mL 4% paraform-
aldehyde in PBS was added (15 minutes) at ambient temperature.
Liquid was aspirated and the cells were washed once with PBS,
then 2 mL 0.1% Triton in PBS was added for intracellular
permeabilization. After 2 minutes, the supernatant was aspi-
rated and coverslips washed in PBS. Coverslips were blocked
in 2% bovine serum albumin (BSA) for 30 minutes at ambient
temperature, washed, and primary antibodies were then added
in 2% BSA (1:1,000 dilution for LC3; 1:500 dilution for p62)
and allowed to incubate for 90 minutes at room temperature.
Three PBS washes were performed. Secondary antibodies were
added in 2% BSA with DAPI (1.5 pg/mL) ata 1:1,000 dilution
for 90 minutes, three quick gentle PBS washes were performed,
followed by a 10-minute wash. Liquid was aspirated, coverslips
were mounted on glass slides with 20 UL Vectashield (#H-1400,
Vector Laboratories, Burlingame, CA, USA), then imaged on
a Nikon confocal microscope.

Western blotting

Cells at 50%—-80% confluency on 10 cm plates were treated
with drugs or control for 24 hours at 37°C. After treatment,
the cells were quickly washed with PBS and incubated with
radioimmunoprecipitation assay buffer (Sigma-Aldrich) on
ice for 5 minutes. Samples were centrifuged at 12,000 g
for 15 minutes at 4°C. The supernatants were collected to
perform Western blots. The protein concentration was mea-
sured using micro BCA (bicinchoninic acid) protein assay.
Thirty micrograms of protein was loaded per well of a 15%
SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel
electrophoresis) gel and transferred onto a PVDF (polyvi-
nylidene difluoride) membrane. The membrane was blocked
in PBS and 0.1% casein. The membranes were incubated

with primary antibody for 1 hour at room temperature. The
blots were washed with tris-buffered saline and Tween-20
and incubated with secondary antibody for 1 hour at room
temperature. Primary antibodies were used at 1:1,000 dilution
and secondary antibodies at 1:10,000 dilution. Secondary
antibodies were visualized using a LI-COR Odyssey scanner
(LI-COR Biosciences, Lincoln, NE, USA).

Mouse models

All animal protocols were approved by the Institutional
Animal Care and Use Committee of the University of
California at San Diego, and the rules and regulations of the
committee were followed during experimentation on animals.
Tumors were generated by implanting cells dissolved in
100 pL sterile saline subcutaneously into the abdominal flanks
of 8-week-old female athymic nude mice. To account for dif-
ferential growth rates of the ME-180 and ME-180 CPR cell
lines, 4x10° ME-180 cells were inoculated into the left flank
and 2.5x10° ME-180 CPR cells into the right flank. Tumor
volume was monitored in two dimensions using a manual
caliper and calculated as [(length) x (width)*<0.5]. Once
ME-180 CPR tumor reached a volume of at least 100 mm?,
the mice were started on daily treatment for 21 days with
nelfinavir or control (50% polyethylene glycol-400 in water)
gastric gavages. It should be noted that the quantitative focus
in this experiment was therefore on ME-180 CPR, since the
ME-180 tumors reached a stochastic range of sizes at the time
of initial treatment; only ME-180 CPR was well controlled
at 100 mm?®. The volume of the drug administered depended
on daily weight and ranged between 125-200 UL (25 g
mouse set at 200 UL dose to attain 250 mg/kg/day). During
the 21-day treatment period, we noted that one mouse died
of unknown etiology in the control group, while another did
not attain the minimum tumor volume to begin treatment and
thus was not included in the analysis. However, mice treated
with nelfinavir tolerated the daily treatment well. The mice
were sacrificed according to the Guidelines for Euthanasia
of Rodents using carbon dioxide and cervical dislocation.
Six mice were randomized to each group. Mice weight was
monitored daily.

Statistical analysis

A two-tailed Student’s r-test was used for statistical analysis,
unless otherwise indicated as a Wilcoxon rank-sum test.
P-values of =0.05 were considered statistically signifi-
cant. Asterisks indicated a significant difference between
experimental groups (*, indicates P=0.05; **, indicates
P=0.01; *** indicates P=0.001, and nonsignificant (ns)
indicates P>0.05).

Drug Design, Development and Therapy 2016:10

submit your manuscript

1839

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Davis et al Dove

Results of cells treated with nelfinavir did not initially exhibit any
Nelfinavir suppresses gr‘owth of cervical significant differences from untreated cells, but within
cancer cell lines 20 hours, the ME-180 cells treated with nelfinavir exhibited a

We examined the morphology of ME-180 cervical cancer  failure to thrive, with regions of clearing/cell death appearing
cells and platinum resistant ME-180 CPR cells 20 hours after ~ (Figure 1). A closer examination of the cells revealed the

treatment with cisplatin or nelfinavir. The overall morphology  appearance of prominent, clear vacuoles present in the cell,

ME-180 ME-180

Cisplatin-resistant

M AN

Control

Cisplatin

Nelfinavir

Figure | Morphology of ME-180 cells with or without nelfinavir treatment.

Notes: Cells were treated with control 0.1% dimethyl sulfoxide or with 10 LM nelfinavir after 20 hours. While some proliferation is inhibited by nelfinavir by this time point,
as indicated by lower cell confluence, the cellular morphology is relatively unchanged. ME-180 cells often have an obvious vacuole, which tends to increase in size following
treatment with nelfinavir. The scale bar indicates 30 im and applies to all images with the exception of the two magnified excerpts shown at the bottom of the figure.
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just prior to rounding and release from the substratum. The
results were similar in the CPR daughter line. By contrast,
only the sensitive parental cells underwent cell death in the
presence of cisplatin. The CPR cells changed morphology
somewhat, “flattening” and growing more slowly in the pres-
ence of cisplatin, and exhibited less cell death.

To evaluate the degree of growth inhibition in response
to nelfinavir, the treatment was further evaluated in ME-180
and ME-180 CPR cervical cancer lines. We chose a time
point of 48 hours to capture types of death, which may be
independent of apoptosis,” which can occur within 24 hours
of treatment. A clear impact on tumor cell growth was
observed in nelfinavir-treated cells compared to controls
(Figure 2A and B). Interestingly, we noted a significant
increase in sensitivity to nelfinavir when comparing the
CPR form of ME-180 to the parental cells (70.5%%4.2%
ME-180 CPR cells, 45.3%13.2% ME-180 cells at 10 uM
nelfinavir, P<0.001, Figure 2A). By comparison, peak levels
of nelfinavir® and cisplatin® in peripheral blood plasma of
treated patients are 10 and 5 UM, respectively, and trough
levels are 0.3 and 1.5 uM, respectively. At peak doses, nelfi-
navir eliminated 70.5% of ME-180 CPR cells: far more than
cisplatin (P<<0.001 by z-test).

Autophagy is altered by nelfinavir

Cytotoxic drugs induce stresses, which can frequently induce
an autophagy response as a cell survival mechanism. Due
to the observation of vacuoles during the death process,
we wondered if the cells were inducing autophagy as a
(failed) survival mechanism in response to nelfinavir. We
blotted for autophagy markers prior to maximal cell death
to better resolve key signaling events, choosing a time point
of 24 hours following treatment. Autophagy was initially
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assayed by immunoblotting for LC3-I1, the autophagosomal
form of LC3. Nelfinavir was observed to upregulate LC3-II
(Figure 3A). A trend was noted in which ME-180 CPR cells
appeared to have more autophagosomes than ME-180 cells,
but this failed to achieve statistical significance. As a general
measure of stress, p62 was also evaluated by immunoblotting.
The p62 protein is cleared by autophagy and thus can serve
as a marker of decreased autophagic flux, but steady-state
levels may be increased during stress.?¢ Increases in p62
were not consistently observed (ns, comparisons quantified
in Figure 3A), in contrast to the reproducible increases in
LC3-II upon nelfinavir treatment. Since localization of these
autophagy markers into punctate patterns is indicative of their
function, we followed the western study with immunofluo-
rescence assays. Immunofluorescence demonstrated punctate
patterns of LC3 and p62, indicative of autophagosome and
sequestosome formation (Figure 3B), which increased with
nelfinavir treatment. Interestingly, baseline p62 is significantly
higher in ME-180 CPR cells compared to ME-180 cells,
suggesting a higher baseline “stress” level or a preinduced
capacity to deal with stress. An increase in p62 punctae in
the presence of increased LC3-11 is a general indication of an
inability of the cell to appropriately clear proteotoxic stress.

An overwhelming of the autophagic recycling system
would lead to an “unprogrammed cell death”. In order to
assess programmed cell death, we evaluated apoptosis and
necroptosis, which can co-occur with proteotoxic stress.
We observed a slight cleavage of caspase-7, indicative of
apoptosis, in nelfinavir-treated ME-180 and ME-180 CPR
cells, with a much stronger induction of LC3-II (Figure 3C).
Interestingly, treatment with the autophagy clearance inhibi-
tor chloroquine permitted the accumulation of LC3-II as
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Figure 2 Cervical cancer cells are sensitive to nelfinavir regardless of cisplatin sensitivity.
Notes: Parental ME-180 cells (ME-180) or daughter lines selected for growth in the presence of cisplatin (ME-180 CPR) were evaluated for the impact of 48-hour treatment
with (A) cisplatin or (B) nelfinavir at the drug concentrations indicated. *P<<0.05; ***P<<0.001.

Abbreviation: CPR, cisplatin-resistant.
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Figure 3 Nelfinavir induces autophagy.

Notes: (A) Western blot of lysates prepared following 24 hours of drug treatment. Nelfinavir was used at 10 pM. LC3-Il indicates the autophagosomal form of LC3.
Right panel quantifies LC3-Il/actin ratio from three separate experiments using Image]. *P<<0.05 by Wilcoxon rank-sum test. ns indicates P>0.05. (B) Immunofluorescence
of cells treated with control 0.1% dimethyl sulfoxide or 10 UM nelfinavir for 24 hours. Scale bars indicate 10 um and apply to all images. Punctate LC3 were quantified
as autophagosomes and punctate p62 were quantified as sequestosomes, **P<<0.01, ***P<0.001. (C and D) Western blot of lysates prepared following 24 hours of drug
treatment. Nelfinavir was used at 10 LM and the autophagy clearance inhibitor chloroquine at 10 uM. (C) C7 represents caspase-7, and the cleaved form is associated with
apoptosis. Grp78 is an endoplasmic reticulum stress marker. (D) RIPK| cleavage and RIP3 expression are required for necroptosis, but increases compared to control were
not observed in these experiments.

Abbreviations: CPR, cisplatin-resistant; fu, fluorescence units; ns, nonsignificant.

1842  submityour manuscript Drug Design, Development and Therapy 2016:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Nelfinavir is effective against human cervical cancer cells in vivo

expected, but did not lead to any cleavage of caspase-7. This
result would suggest nelfinavir is acting both as an agent
that stresses the autophagy system in addition to activating
apoptosis in some fraction of cells. However, we did not
observe increases in markers of necroptosis, such as cleaved
RIPK1 and RIPK3 following treatment with nelfinavir or
chloroquine (Figure 3D), nor ER stress under treatment as
assayed by Grp78 levels (Figure 3C).

In vivo efficacy and safety of nelfinavir

While nelfinavir has been implicated in cell death in vitro
for cervical cancer,?®? in vivo preclinical efficacy has not
previously been demonstrated. To test for preclinical efficacy,
we injected nude mice subcutaneously. ME-180 cells (4x10°)
were inoculated onto the left flank and ME-180 CPR
(2.5x10°) cells were inoculated into the right flank, based
on normalization from in vitro growth rates. The mice were
randomized into treatment groups of following tumor cell
inoculation. As CPR forms of the disease are more critical
and challenging to develop new therapies for, we prioritized
the start of treatment based on the ME-180 CPR tumors;
treatment was begun when ME-180 CPR tumors reached
100 mm?. None of the mice required euthanasia: the average
mouse weight between the two groups was not significantly
different (Figure 4A). Nelfinavir treatment significantly

reduced both cisplatin-sensitive (P<<0.023) and CPR
(P<<0.046) tumor volume by the end of the 21-day cycle of
treatment (Figure 4B and C).

Common deletions of core autophagy
genes in patient biopsies

To gain insight as to why autophagy did not rescue the cervical
cancer cells following the treatment with nelfinavir, we queried
the The Cancer Genome Atlas dataset for possible cervical
cancer genomic alterations,***! particularly those which further
disrupt autophagy and would therefore allow for treatment
with autophagy manipulating drugs. We noted that cervical
cancers frequently exhibited deletions of core autophagy
initiation genes A7G7 (36% of patients) and ATG10 (25% of
patients) (Figure 5A), key enzymes regulating autophagosome
maturation. These losses were concordant with a reduction
in messenger RNA (Figure 5B) and in the case of ATG10,
the loss of an allele may contribute to disease progression
(Figure 5C). The observations here are in agreement with
immunohistochemistry studies showing a reduction in LC3
staining of cervical cancer compared to normal squamous
cervical epithelial cells.? It is reasonable to predict that with-
out a fully competent core autophagy system, cervical cancer
cells may be impaired in their response to the autophagic
stress induced by nelfinavir. Future studies will be required
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o35
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g o . . , . g o . . . .
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| === Control Nelfinavir |

Figure 4 Nelfinavir suppresses cervical tumor growth in vivo.

Notes: ME-180 cells were injected into the left flank and ME-180 CPR cells were injected into the right flank of nude mice. Once the ME-180 CPR tumors reached a size of
100 mm?, the mice were begun on treatment, regardless of the size of the ME-180 tumors on the left flank. Treatment was by daily gavage, consisting of 50% PEG in water
for control and 250 mg/kg nelfinavir in 50% PEG for nelfinavir treatment. After 21 days of treatment, the mice were euthanized. (A) Whole body weights of each group of
mice throughout treatment; ns indicates P>0.05. (B) Volume of ME-180 or (C) ME-180 CPR tumors, as measured by calipers.

Abbreviations: CPR, cisplatin-resistant; ns, nonsignificant; PEG, polyethylene glycol.
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Notes: The Cancer Genome Atlas was queried for allelic losses or gains of core autophagy genes. (A) ATG7 and ATGI0 showed statistically significant enrichments for losses
over gains; **P<0.001 by Fisher’s exact test. (B) mRNA levels for ATG7 and ATG /0 correlated with somatic copy number. (C) Allelic losses of these two core autophagy
genes were tested for prognosis of patients. Only ATG/0 loss conferred worse prognosis.

Abbreviations: mRNA, messenger RNA; RNAseq, RNA sequencing.

to test if these autophagy gene deletions directly influence
nelfinavir sensitivity.

Discussion

Here we demonstrate for the first time that nelfinavir can
effectively slow the growth of human cervical cancer cells in
an in vivo mouse model. Importantly, this slowing of tumor
growth occurs independent of cisplatin resistance status.

We found that markers of autophagy and apoptosis increase
upon treatment with nelfinavir treatment in vitro, which is
consistent with a proteotoxic mode of action of nelfinavir.
In addition to demonstrating antiviral activity, HIV
protease inhibitors such as nelfinavir have also shown
antineoplastic activity against a wide range of cancers.’>%
Protease inhibitors are effective against HIV, as they inhibit
the cleavage of polyproteins by viral aspartyl protease** and

submit your manuscript

1844

Dove

Drug Design, Development and Therapy 2016:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Nelfinavir is effective against human cervical cancer cells in vivo

thus block the maturation of HIV virus. Nelfinavir is no lon-
ger used in the cocktail to treat HIV due to high pill burden,
which reduces adherence,* and a 5% rate of controllable but
uncomfortable adverse events when combined with other
antiretroviral drugs.* Nelfinavir antitumor activity is thought
to occur via several mechanisms including autophagy disrup-
tion, apoptosis, induction of ER stress, and the inhibition of
Akt signaling, angiogenesis, and cell invasion.!? 163738 We
found evidence for a minority of cells to be sensitized to
apoptosis and a majority to have an increased autophagosome
accumulation. We did not find evidence for ER stress or
necroptosis. Nelfinavir has been reported to exhibit antiviral
activity against specific HPV-transformed cervical carcinoma
cells, apparently via inhibition of E6-mediated proteasomal
degradation of mutant p53.%° In our cell viability assays,
we observed that nelfinavir was cytotoxic against cervical
carcinoma cells by inducing autophagic stress, as evidenced
by the expression of LC3-II protein and the cumulative p62
puncta observed via immunofluorescence.

Some caution in interpretation is warranted. Despite
reaching statistical significance, the sample sizes in the
in vivo models were relatively small and our mechanistic
observations are based on the use of a single cisplatin-
sensitive/CPR cell line pair. Thus, the results of our study are
not necessarily generalizable to all cervical cancer histology
types. Furthermore, additional studies are necessary to more
precisely elucidate the trigger for the autophagy-relieved
stress(es) induced by nelfinavir: damaged organelles,* inhibi-
tion of clearance, ER stress,'® or other possible routes.

Currently, locally advanced cervical cancer is treated
with cisplatin and chemoradiation. The published cure
rates of 40%—100% are highly dependent on stage,*'* with
approximately 35% of women having recurrence of their
cancer. This recurrence, the global nature of the disease, and
the infrastructure required for primary care underscore the
need for new modalities of treatment.* The findings here
support the use of nelfinavir against tumors independent of
their response to platinum-based agents. As nelfinavir has
both cytotoxic and radiation-sensitizing effects, it is an ideal
agent to use in combination with cisplatin-based chemoradia-
tion in locally advanced cervical cancers. Indeed, nelfinavir
has been evaluated as a radiosensitizer in lung, head and
neck, and pancreatic cancers in Phase I/II clinical trials.*>*
Those studies have supported the notion that nelfinavir is a
viable option with a low toxicity profile.

From the global health perspective, nelfinavir is off patent
and has the potential to become an affordable therapy in both
wealthy nations and resource-limited areas where little or no

treatment would otherwise be possible. A generic nelfinavir
is now available under the brand name of Nelvir (Cipla,
Mumbeai, India). Further studies will be necessary to deter-
mine if nelfinavir can simply be combined with standard of
care in cervical cancer, but such an approach appears to have
very few issues related to toxicity? or (currently) cost.
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