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Proteasome inhibitors modulate anticancer
and anti-proliferative properties via NF-kB
signaling, and ubiquitin-proteasome
pathways in cancer cell lines of different
organs
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Abstract

Background: Cancer is second most common cause of death in the United State. There are over 100 different
types of cancer associated with different human organs, predominantly breast, liver, pancreas, prostate, colon,
rectum, lung, and stomach. We have recently reported properties of pro-inflammatory (for treatment of various
types of cancers), and anti-inflammatory (for cardiovascular disease and diabetes) compounds. The major problem
associated with development of anticancer drugs is their lack of solubility in aqueous solutions and severe side
effects in cancer patients. Therefore, the present study was carried out to check anticancer properties of selected
compounds, mostly aqueous soluble, in cancer cell lines from different organs.

Methods: The anticancer properties, anti-proliferative, and pro-apoptotic activity of novel naturally occurring or FDA
approved, nontoxic, proteasome inhibitors/activators were compared. In addition to that, effect of δ-tocotrienol on
expression of proteasome subunits (X, Y, Z, LMP7, LMP2, LMP10), ICAM-1, VCAM-1, and TNF-α using total RNAs
derived from plasmas of hepatitis C patients was investigated.

Results: Our data demonstrated that following compounds are very effective in inducing apoptosis of cancer cells:
Thiostrepton, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, quercetin, amiloride, and quinine sulfate have
significant anti-proliferation properties in Hela cells (44% - 87%) with doses of 2.5–20 μM, compared to respective
controls. Anti-proliferation properties of thiostrepton, 2-methoxyestradiol, δ-tocotrienol, and quercetin were 70% - 92%.
However, thiostrepton, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, quercetin, and quinine sulphate were
effective in pancreatic, prostate, breast, lungs, melanoma, Β-lymphocytes, and T-cells (Jurkat: 40% to 95%) compared
to respective controls. In lung cancer cells, these compounds were effective between 5 and 40 μM. The IC50 values
of anti-proliferation properties of thiostrepton in most of these cell lines were between doses of 2.5–5 μM,
dexamethasone 2.5–20 μM, 2-methoxyestradiol 2.5–10 μM, δ-tocotrienol 2.5–20 μM, quercetin 10–40 μM, and
(−) Corey lactone 40–80 μM. In hepatitis C patients, δ-tocotrienol treatment resulted in significant decrease in
the expression of pro-inflammatory cytokines.
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Conclusions: These data demonstrate effectiveness of several natural-occurring compounds with anti-proliferative
properties against cancer cells of several organs of humans. Thiostrepton, dexamethasone, 2-methoxyestradiol,
δ-tocotrienol and quercetin are very effective for apoptosis of cancer cells in liver, pancreas, prostate, breast, lung,
melanoma, Β-lymphocytes and T-cells. The results have provided an opportunity to test these compounds either
individually or in combination as dietary supplements in humans for treatment of various types of cancers.

Keywords: Potent anticancer compounds, Several cancer cell lines (Hela, Liver, Pancreas, Prostate, Breast, Lung,
Melanoma, B-lymphocytes, T-cells, Inflammatory biomarkers

Background
Cancer is second most common cause of death in the
United States. There are over 100 different types of can-
cer associated with different organs of human, and more
than 575,000 people die of various types of cancer, pre-
dominantly breast, liver, pancreas, prostate, colon, rec-
tum, lung, and stomach. Therefore, cancer is considered
one of the leading causes of morbidity and mortality
worldwide. The increase in cancer rates in these organs
is due to different types of lifestyles in the world. The
four major factors of lifestyle related to certain cancers
are an unhealthy diet, tobacco use, lack of exercise and
excessive exposure to ultraviolet radiation [1]. These fac-
tors also influence genes and molecular processes that
result in the malignant transformation of human cells
[1]. Therefore, cancer can be due to genetic predispos-
ition inherited from family member, and it is possible
one born with certain genetic mutations or a fault in a
gene will be more likely to develop cancer later in life
[2]. Moreover, a number of possible cancer-causing mu-
tations occurring in our DNA during aging, thus age
also make an important risk factor for cancer. Several vi-
ruses have also involved in developing cancer in
humans, such as hepatitis B and C [2]. There is no doubt
that an early detection of cancer can greatly improve the
odds of successful treatment and survival. The consump-
tion of healthy diet (low in fat and rich in fresh fruits,
vegetables, whole grains) is as a deterrent of several
types of cancer [2].
The most common cause of mortality in the United

States is cancer, as a disease requires urgent improve-
ment of therapeutic strategies. Thiostrepton, a broad-
spectrum antibiotic that inhibits cell growth in a variety
of human cancer cell lines [3–5]. The apoptotic activity
of thiostrepton is via proteasome inhibition, resulting in
the stabilization of certain proteins proves fatal to cancer
cells [6]. In this regard, a protein “forkhead box M1
transcription factor” (FOXM1) over-expressed in a var-
iety of human cancers [7], and inhibition of FOXM1 by
thiostrepton may contribute to the anticancer activity
[8]. The major issues associated with current anticancer
drugs treatment are their insolubilities in aqueous solu-
tions and severe side effects in cancer patients. The

clinical application of most of the known proteasome in-
hibitors as chemotherapeutic agents has also been asso-
ciated with high toxicity levels, which can be overcome
by using a nanoparticle-protected delivery system [9,
10]. In the case of other hydrophobic drugs was their in-
solubility in aqueous solutions (medium). Therefore, the
present study was carried out to investigate anticancer
properties of selected compounds, (mostly aqueous-
soluble) on several cancer cell lines derived from differ-
ent organs.
The present investigation was initiated to find anti-

proliferative, and pro-apoptotic activity of novel naturally-
occurring or commercially available FDA approved non-
toxic proteasome inhibitors/activators containing β-lactone
moiety in their molecule as is found in proteasome inhibi-
tor, lactacystin [11, 12]. In our earlier studies, we reported
that proteasome is a pivotal regulator of inflammation,
which modulates the several inflammatory biomarkers in
response to a variety of stimuli. We and others reported
that cell death occurs because of blocking proteolytic activ-
ity of proteasome mediated by the 20S proteasome. Prote-
asome is a hollow complex of three proteolytic subunits,
X, Y, Z, with chymotrypsin-like, post-acidic, and trypsin-
like activities, respectively [11]. A variety of inflammatory
stimuli induce alteration in newly assembled “immunopro-
teasomes” in which X, Y, and Z subunits are partially re-
placed by LMP7, LMP2 and LMP10, respectively [11]. We
have also demonstrated that some of these compounds im-
pact proteasome activities depending on its 6 protease sub-
unit sites (X,Y, Z, LMP7, LMP2 and LMP10) and signaling
pathways (inhibition of NF-κB, cleavage of p-IκB) leading
to LPS-induced production of nitric oxide and secretion of
TNF-α in murine macrophages [11]. Moreover, we have
demonstrated that tocotrienols were able to inhibit or acti-
vate proteasome’s activities depending on their concentra-
tions in RAW 264.7, and in LPS-induced thioglycolate-
elicited peritoneal macrophages prepared from C57BL/6,
BALB/c, and PPAR-α knockout mice [11].
Recently, we identified two sets of compounds, which

act as pro-inflammatory and anti-inflammatory in
different experimental conditions [13]. The first set
consisted of (−) Corey lactone, ouabain, ampicillin, as-
corbic acid, codeine, amiloride-HCL, and second set
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consisted of thiostrepton, rifampicin, dexamethasone,
δ-tocotrienol, 2-hydroxyestradiol, 2-methoxyestradiol,
25-hydroxycholesterol, nicotinic acid, vitamin D3, and
resveratrol are potent inhibitors of chymotrypsin-like
activity of 20S rabbit muscle proteasomes. The effects
of these compounds are concentration-dependent [11–
13]. These two sets also have similar effects on the
levels of secretion of TNF-α tested in vitro in LPS-
induced thioglycolate-elicited peritoneal macrophages
of PPAR-α knockout mice [13]. However, these com-
pounds also blocked production of nitric oxide due to
lack of activation of NF-κB, and degradation of p-IκB.
Moreover, these compounds up-regulate/down-regulate
gene expression and secretion of TNF-α and down-
regulated production of nitric oxide, IL-1β, IL-6 and
iNOS tested in LPS-induced peritoneal macrophages of
PPAR-α knockout mice that exhibit strong activation of
inflammatory cytokines in response to agonist [13].
These results prompted us for the first time to evaluate

the dose-dependent anticancer effects of these anti-
inflammatory compounds (thiostrepton, ampicillin, dexa-
methasone, 2-methoxyestradiol, δ-tocotrienol, (−) ribofla-
vin, ascorbic acid, quercetin, amiloride-HCL, (−) Corey
lactone, and quinine sulphate) in Hela, liver, pancreatic,
prostate, breast, lung, melanoma, Β-lymphocyte, and T-
cells (Jurkat) cancer cell lines. Most of these compounds
have the β-lactone moiety in their molecular structures
(Fig. 1). Resveratrol was not included in present investiga-
tion since several investigators have already reported its
effectiveness in different types of cancer cells [13, 14]. Fur-
thermore, its multiple properties against tumorigenesis as
anti-xenobiotic properties (anti-initiation) from its more
general cellular effects as anti-promotion and anti-
progression is adequately explained in this review article
[15]. Since tocotrienols were effective in vitro and in vivo
as mentioned earlier, higher doses of δ-tocotrienol acts as
pro-inflammatory agents [13]. A preliminary pilot study
was carried out on the effect of δ-tocotrienol feeding in
hepatitis C patients on six protease subunits (X, Y, Z,
LPM7, LMP2 and LMP10), ICAM-1, VCAM-1, and TNF-
α using total blood mRNA of these patients.

Methods
Materials
Dulbecco’s Modified Eagle Medium (DMEM), heat-
inactivated low-endotoxin fetal bovine serum (FBS), and
gentamicin purchased from Cambrex (Walkersville MD,
USA) for tissue culture. All other cancer cell lines were pur-
chased from American Type Culture Collection (Manassas,
VA, USA). Most of these following compounds (thiostrep-
ton, ampicillin, dexamethasone, 2-methoxyestradiol, (−)
riboflavin, ascorbic acid, amiloride-HCL, (−) Corey lactone,
and quinine sulphate) were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA), and quercetin was

purchased from Alfa Aesar (Johnson Matthey Co. Lancas-
tor, UK). The 50% purified δ-tocotrienol fraction from
annatto seeds was purchased from American River (Boston,
MA, USA). RNeasy mini kit was purchased from QIAGEN
Sciences (Germantown, MD, USA). DeltaGold (125 mg soft
gels) from annatto seeds (composition 90% δ-tocotrienol +
10% γ-tocotrienol) was obtained as a gift by American River
Nutrition, Inc. (Hadley, MA. USA). The hepatitis C anti-
body test kit was purchased from Sigma Chemical Co., St.
Louis, USA. The second kit for diagnosing hepatitis C test
is RNA (PCR) test. Pure total mRNA was obtained from
the EDTA treated fresh whole blood using total RNA puri-
fication kit # 17200 (NORGEN Bioteck Corporation, Thor-
old, ON, Canada).

Purification of δ-tocotrienol from 50% purified fraction of
annatto seeds
The δ-tocotrienol was purified from 50% purified frac-
tion of annatto seeds, as described previously [16]. The
purity of δ-tocotrienol was established by high-pressure
liquid chromatography (HPLC), against its standard as
reported earlier [16].

Cell culture and maintenance
The different cancer cells of various human organs origin
(liver, pancreatic, prostate, breast, lung, melanoma, Β-
lymphocytes and T-cells (Jurkat) were maintained in
DMEM medium supplemented with 10% heat inactivated
FBS and 10 mg/mL, gentamicin at 37 °C in a humidified
atmosphere with 5% carbon dioxide (CO2) and 95% oxy-
gen (O2), as described previously [17]. The experimental
procedures involving various human organs of different
cancer cell lines reviewed and approved by the Institu-
tional Animal Care and Use Committee, School of Medi-
cine, University of Missouri, Kansas City, MO.
Cancer cell lines (1 × 105) from various organs were

seeded in 48 well tissue culture plates with 900 μl of
medium containing 0.2% dimethyl sulfoxide of different
type of cancer cell lines (Hela cell, liver, pancreas, prostate,
breast, lung, melanoma, Β-lymphocytes, T-cells [Jurkat]),
were incubated at 37 °C for 2 h. After 2 h, different con-
centrations (100 μl of 2.5, 5, 10, 20, 40, or 80 μM) of each
compound was added to each well in triplicate, and incu-
bated for 48 h at 37 °C in a humidified atmosphere of 5%
CO2. This was followed by counting the number of living
cells of each well using MTT method [18, 19].

Detection of cell viability
Viability of cancer cells after treatment with different
concentrations of each compound was determined by
trypan-blue dye exclusion method or by a quantitative
colorimetric assay with 3-(4, 5)-dimethyl-thiozol-2, 5-
diphenyltetrazolium bromide (MTT) as reported earl-
ier [18, 19].
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Impact of δ-tocotrienol in hepatitis C patients
This study was carried out in the Pakistan Ordinance
Factory (POF) Hospital, Wah Cantonment, Rawalpindi,
64,000, Pakistan, in collaboration with the Department
of Basic Medical Sciences, University of Missouri-Kansas
City, MO, USA. The study protocol registered (IRB #
129–2015) was approved by Institutional Review Board
of POF, Rawalpindi, Pakistan. The study was carried out
under a FDA approved IND number 36906.

Study design
Personal characteristics including demographic and dis-
ease history was obtained from the subjects. Anthropo-
metric parameters including body weight and height
measured using standard protocols, Systolic and diastolic

blood pressures were measured on the right upper arm
using an electronic blood pressure monitor. Body mass
index (BMI) calculated as weight (kg/m2) divided by
height (cm). All participants were asked to maintain their
usual lifestyle.

The inclusion criteria
Adults male/female, age > 25 years with hepatitis C in-
fection (using Anti-HCV Test of blood, or RNA = PCR
test) were included in the study.

The exclusion criteria
Any subject having weight (> 125% of Metropolitan Life
relative weights), taking anti-inflammatory drugs in the
last 2 weeks were excluded. The subjects with elevated

Fig. 1 Chemical structures of dietary nutritional supplements used in the study
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serum transaminase activity, serum urea, glucose, thy-
roid stimulating hormone (TSH), liver, renal, diabetes,
and thyroid diseases were excluded from this study. A
total of 14 (n = 14) hepatitis C patients were enrolled in
this study, out of these total RNAs of 5 patients ran-
domly selected were combined, purified and concen-
trated into two fractions of 10 μL of each (first wash and
second wash from columns) to carry out further studies.

Experimental design
Analyses of total RNAs from plasma after feeding
δ-tocotrienol for 6-weeks to hepatitis C patients
The participants were administered four capsules of
125 mg (500 mg/d; two at 8 am and two at 8 pm after
breakfast and dinner, respectively) for 6-weeks. At the
end of the treatment, blood samples in plan and EDTA
coated tubes collected of each participant to purify total
RNAs for the estimation of several inflammatory bio-
markers. Serum Bilirubin, ALT and creatinine were mea-
sured by standard clinical laboratory methods (ADVIA®
1800: Siemens Healthcare Diagnostics, New York, USA).
The pure total RNA was extracted from plasma of

EDTA treated fresh whole blood of each subject fed δ-

tocotrienol (500 mg/d) for 6 weeks, using total RNA
purification kit # 17200 (NORGEN Bioteck Corporation,
Thorold, ON, Canada). The purity of total RNA carried
out by measuring the absorption at several wavelengths
using a Thermo Scientific NanoDrop 1000 Spectropho-
tometer. The purity of total RNA was determined by the
ratio of 260/280 (2.02–2.08).

Expression of important inflammatory biomarkers and
proteasome subunits of total RNAs by real time (RT-PCR) of
plasma obtained after feeding δ-tocotrienol (500 mg/d) for
6-weeks to hepatitis C patients
Five randomized samples of total RNAs of hepatitis C pa-
tients were selected (pre-dose and post-dose) and com-
bined separately. Each combined samples of total RNAs
were purified by using Biostic Blood Total RNA Isolation
Kit (MOBIO Laboratories, Inc.). The purified total RNAs
were further purified and concentrated to 10.0 μl by using
by Gene Jet RNA Clean up and Concentration Micro Kit
(Thermo Scientific, EU, Lithuania). The key cytokines and
other biomarkers were estimated by real-time RT-PCR,
which was carried out on total RNA isolated from plasma
samples of hepatitis C patients (pre-dose and post-dose).

Fig. 2 (1–4) Dose-dependent response for anti-proliferative properties of various compounds in cancer cells of Hela-1, liver-2, pancreas-3, and
prostate-4. The cancer cell lines of Hela, liver, pancreas, and prostate were maintained in DMEM supplemented with 10% heat inactivated FBS and
10 mg/mL, gentamicin at 37 °C in a humidified atmosphere with 5% carbon dioxide (CO2) and 95% oxygen (O2) as described previously [17]. Cancer
cells (1 × 105) of various organs were seeded in 48 well tissue culture plate with 900 μl of medium containing 0.2% dimethyl sulfoxide of different types
of cancer cell lines (Hela cell, liver, pancreas, and prostate), and incubated at 37 °C for 2 h. After 2 h, different concentrations (100 μl of 2.5, 5, 10, 20, 40,
or 80 μM) of thiostrepton, ampicillin, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, (−) riboflavin, ascorbic acid, quercetin, amiloride, and quinine
sulphate in triplicate were added to each well, incubated for 48 h at 37 °C in a humidified atmosphere of 5% CO2. Followed by counting of live cells of
each well by trypan blue dye exclusion or a quantitative colorimetric assay with 3-(4, 5)-dimethylthiozol-2, 5-diphenyl-tetrazolium bromide (MTT), as
described previously [18, 19]. The anticancer properties and dose-dependence for eleven compounds are presented for Hela, liver, pancreas, and prostate
cancer cell lines. Values in a column not sharing a common symbol are significantly different at ¶ = P< 0.001; § = P< 0.01; ‡ = P< 0.05; † = control
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Taqman primer-probes and Step-one RT-PCR kit (Life
Technologies (Foster City, California) were used for these
estimations. All reactions performed in triplicate using
equal amount of total RNA per reaction. Reverse-
transcriptase step involved incubation at 48 °C for 15 min.
The real-time (RT-PCR) cycling conditions included an
initial denaturation at 95 °C for 10 min, followed by 40 cy-
cles of 95 °C for 15 s, and 60 °C for 60 s. Real-time PCR
assays were completed using a Step-one plus Real time-
PCR kit. Relative gene expression of hepatitis C patients
of pre-dose versus post-dose samples were normalized
(2−ΔΔCT analysis) to GAPDH.

Statistical analyses
The data were analyzed by using the GLM procedure of
SAS (Statistical Analysis System; version 4.01, Abacus
Concepts, Berkeley, CA) for personal computers to test
the study hypothesis. Data reported as mean ± SD
(Standard Deviation). Stat View software (version 4.01,
Abacus Concepts, Berkeley, CA) used for the analyses of

treatment-mediated effects as compared to control
group. Treatment-mediated differences detected with a
two-way ANOVA, and when the F test indicated a sig-
nificant effect, differences between the means analyzed
by a Fisher protected least significant difference test.
Data reported as means ± SD/SE in text and Tables. The
statistical significance level was set at 5% (P < 0.05).

Results
Dose-dependent response of anticancer properties of
various compounds in cancer cells (Hela, liver and
pancreas)
The anti-cancer properties of thiostrepton (10 μM; 24%),
dexamethasone (40 μM; 51%), 2-methoxyestradiol
(25 μM; 48%), δ-tocotrienol (5 μM; 45%), quercetin,
amiloride, and quinine sulphate (10 μM; 51%, 51%, 27%),
respectively were observed in Hela cells compared to
respective controls (Table 1). Ampicillin, (−) riboflavin,
ascorbic acid, Amiloride-HCL, and (−) Corey lactone

Fig. 3 (5–8) Dose-dependent response for anti-proliferative properties of various compounds in cancer cell lines of breast-5, lung-6, Melanoma-7,
and B-lymphocytes-8. The cancer cell lines of breast, lung, melanoma, and B-lymphocytes were maintained in DMEM supplemented with 10%
heat inactivated FBS and 10 mg/mL, gentamicin at 37 °C in a humidified atmosphere with 5% carbon dioxide (CO2) and 95% oxygen (O2) as
described previously [17]. Cancer cells (1 × 105) of various organs were seeded in 48 well tissue culture plate with 900 μl of medium containing
0.2% dimethyl sulfoxide of different type of cancer cell lines (breast, lung, melanoma, and B-lymphocytes), and incubated at 37 °C for 2 h. After
2 h, different concentrations (100 μl of 2.5, 5, 10, 20, 40, or 80 μM) of thiostrepton, ampicillin, dexamethasone, 2-methoxyestradiol, δ-tocotrienol,
(−) riboflavin, ascorbic acid, quercetin, amiloride, and quinine sulphate in triplicate added in each well, and then incubated for 48 h at 37 °C in a
humidified atmosphere of 5% CO2. Followed by counting the living cells of each well by trypan blue dye exclusion or a quantitative colorimetric assay
with 3-(4, 5)-dimethylthiozol-2, 5-diphenyl-tetrazolium bromide (MTT) as described previously [18, 19]. The anticancer properties as dose-dependent of
eleven compounds presented for breast, lung, melanoma, and B-lymphocytes cancer cell lines. Values in a column not sharing a common symbol are
significantly different at ¶ = P < 0.001; § = P < 0.01; ‡ = P < 0.05; † = control
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required higher doses of 160–320 μM to achieve 50%
cell death in Hela cells (Table 1).
Similarly, anticancer properties of thiostrepton (2.5 μM;

53%), 2-methoxyestradiol (5 μM; 45%), δ-tocotrienol
(20 μM; 53%), quercetin (20 μM; 32%) were observed for
liver cancer cells apoptosis (Table 2). Ampicillin, dexa-
methasone, (−) riboflavin, ascorbic acid kills cells at much
higher doses (> 320 μM) for their anticancer properties
(Table 2). Whereas, amiloride-HCL, (−) Corey lactone,
and quinine sulphate (80 μM; 53% - 58%) required
160 μM to pre-dose more than 50% cancer cells apoptosis
of liver (Table 2). Thiostrepton (10 μM; 16%), 2-
methoxyestradiol (40 μM; 42%), δ-tocotrienol (10 μM;
36%), and quercetin (40 μM; 45%) induced more than 50%
apoptosis of cancerous human pancreatic cells (Table 3).
Whereas, remaining seven compounds required doses of
> 320 μM to produce 50% apoptosis of pancreatic cancer
cell line (Table 3).

Dose-dependent response of anticancer properties of
various compounds in cancer cells obtained from
prostate, breast, and lung
The anticancer properties of thiostrepton, ampicillin,
dexamethasone, 2.methoxyestradiol, δ-tocotrienol, quer-
cetin, (−) Corey lactone and quinine sulphate resulted in

> 50% cell apoptosis with very small doses of 2.5 μM -
10 μM, compared to respective controls in prostate can-
cer cells (Table 4). However, thiostrepton (5 μM; 35%),
2-methoxyestradiol (5 μM; 49%), δ-tocotrienol (80 μM;
51%), quercetin (40 μM; 52%), and amiloride-HCL
(40 μM; 52%) were more effective for apoptosis of breast
cancer cells, compared to respective controls (Table 5).
Ampicillin, dexamethasone, (−) riboflavin, ascorbic

acid, (−) Corey lactone and quinine sulphate were not
effective anticancer agents in breast cancer (Table 5).
Thiostrepton, dexamethasone, 2-methoxyestradiol, δ-
tocotrienol, (−) riboflavin, ascorbic acid, and (−) Corey
lactone were effective anticancer agents in the doses of
2.5 μM – 10 μM induced > 50% cancer cells apoptosis
compared to respective controls in lung (Table 6). Most
of the compounds in present group showed anticancer
properties in cancer cells of lung (Table 6).

Dose-dependent response of anticancer properties of
various compounds in melanoma, B-lymphocyte, and T-
cells (Jurkat) cancer cell lines
Thiostrepton, 2-methoxyestradiol, δ-tocotrienol, quer-
cetin, (−) Corey lactone, and quinine sulphate indicated
anticancer properties at 5 μM - 80 μM for 50% apoptosis
of melanoma cells (Table 7). On the other hand,

Fig. 4 (9) Dose-dependent response for anti-proliferative properties of various compounds in T-cells (Jurkat). The T-cells (Jurkat) maintained in DMEM
supplemented with 10% heat inactivated FBS and 10 mg/mL, gentamicin at 37 °C in a humidified atmosphere with 5% carbon dioxide (CO2) and 95%
oxygen (O2) as described previously [17]. The T-cells (1 × 105) of was seeded in 48 well tissue culture plate with 900 μl of medium, containing 0.2% di-
methyl sulfoxide of T-cells (Jurkat), and incubated at 37 °C for 2 h. After 2 h, different concentrations (100 μl of 2.5, 5, 10, 20, 40, or 80 μM) of thiostrepton,
ampicillin, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, (−) riboflavin, ascorbic acid, quercetin, amiloride, and quinine sulphate in triplicate added in
each well, and then incubated for 48 h at 37 °C, in a humidified atmosphere of 5% CO2. Followed by counting the living cells of each well by trypan blue
dye exclusion or a quantitative colorimetric assay with 3-(4, 5)-dimethylthiozol-2, 5-diphenyl-tetrazolium bromide (MTT) as described previously [18, 19].
The anti-proliferation properties as dose-dependent with eleven compounds were presented in T-cells (Jurkat). Values in a column not sharing a common
symbol are significantly different at ¶ = P< 0.001; § = P < 0.01; ‡= P < 0.05; †= control
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thiostrepton (2.5 μM), 2-methoxyestradiol (2.5 μM), δ-
tocotrienol (20 μM), quercetin (10 μM), amiloride-HCL
and (−) Corey lactone (40 μM) indicated that more than
50% apoptosis compared to their respective controls
with B lymphocytes (Table 8).
Similarly, thiostrepton, 2-methoxyestradiol (2.5 μM),

δ-tocotrienol (20 μM), quercetin (10 μM), amiloride-
HCL, (−) Corey lactone, and quinine sulphate (80 μM)
induced at least 50% cancer cells apoptosis in T-cells
(Jurkat) compared to their respective controls (Table 9).
In summary, thiostrepton, 2-methoxyestradiol, δ-
tocotrienol, and quercetin were clearly very effective and
induced apoptosis in the range (70% - 92%) in Hela and
liver cancer cells. Thus thiostrepton, dexamethasone, 2-
methoxyestradiol, δ-tocotrienol, quercetin, and quinine
sulfate have potent anticancer properties in pancreas,
prostate, breast, lungs, melanoma, B-lymphocytes, and
T-cells (Jurkat) in the range of 40% to 80% compared to
respective controls. The most effective dose for antican-
cer properties for all eleven compounds in each organ
were compared to respective controls (Table 10; Fig. 2
(1–4) and Fig. 3 (5–8)). The significant decreases (64% -
84%) were noted in anticancer activity, and most effect-
ive doses were (20 μM – 80 μM) of thiostrepton, 2-

methoxyestradiol, δ-tocotrienol, quercetin, amiloride-
HCL in Hela cells as shown in Fig. 2. Thiostrepton, 2-
methoxyestradiol, δ-tocotrienol, and quercetin caused >
50% anticancer activity in liver and pancreatic cancer
cells (Fig. 2). Whereas, thiostrepton, ampicillin, dexadex-
amethasone, 2-methoxyestradiol, δ-tocotrienol, quer-
cetin, and quinine sulphate treatment induced cell death
more than 50% in prostate cancer cells (Fig. 2). In breast
cancer cells, only thiostrepton, 2-methoxyestradiol, and
quercetin induced more than 50% cell apoptosis (Fig. 3).
The anticancer activities resulted in > 50% with thiostrep-
ton, 2-methoxyestradiol, δ-tocotrienol, riboflavin, ascorbic
acid and quercetin in lung cancer cells (Fig. 3). There were
more than 50% anticancer activities noted with treatment
of thiostrepton, 2-methoxyestradiol, δ-tocotrienol, quer-
cetin in melanoma cells (Fig. 3); thiostrepton, dexame-
thasone, 2-methoxyestradiol, δ-tocotrienol, quercetin,
quennine sulphate in B-lymphocytes cells (Fig. 3); and
thiostrepton, 2-methoxyestradiol, δ-tocotrienol, riboflavin
in T-cells (Jurkat, Fig. 4). These results were translated
possible IC50 values of anticancer activities as shown in
Table 11. These findings further supported by calculation
of log IC50 values from original data of Tables 1–9 by
GraphPad Prism 5 program.

Fig. 5 The log IC50 values for anti-proliferative properties of eleven compounds in Hela cells, liver, and pancreas cancer cells. The log IC50 values
calculated from original data of Tables 1-9 by GraphPad Prism 5 program. The left hand side figure shows the log IC50 of first five compounds
(thiostrepton, ampicillin, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, and right hand side figure indicates the remaining six compounds
[(−) riboflavin, ascorbic acid, quercetin, amiloride, and quinine sulphate] of Hela, liver and pancreas cancer cells
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The log IC50 for anticancer properties of each compound
in each organ of cancer cells calculated for doses of 2.5 μM
to 80 μM by GraphPad Prism 5 (Table 11). The use of
present doses of 2.5 μM to 80 μM resulted log IC50 for only
thiostrepton, 2-methoxyestradiol, δ-tocotrienol, and quer-
cetin for each organ of cancer cells as shown in Table 12.
The addition of higher doses of 160 μM and 320 μM would
have provided logIC50 for all the compounds for cancer
cells of each organ as evident from Tables 1–9, and graphs
of GraphPad Prism 5 (Figs. 5, 6 and 7). Apart from thios-
trepton, 2-methoxyestradiol, δ-tocotrienol, and quercetin,
most of the rest of compounds indicated anticancer proper-
ties between 51% - 58% with doses of 40 μM and 80 μM in
all organs tested.

Estimations of plasma cytokines of total mRNAs obtained
after δ-tocotrienol treatment to hepatitis C patients
Since present in vitro data indicated that δ-tocotrienol
is a very effective apoptosis-inducing agent amongst
other outstanding potent compounds (thiostrepton, 2-
methoxyestradiol, quercetin) for cancer cells apoptosis
tested in all nine cell lines (Hela cells, liver, pancreas,
prostrate, breast, breast, melanoma, B lymphocytes,
and T-cells (Jurkat). We decided to test the efficiency
of δ-tocotrienol in hepatitis C patients. δ-Tocotrienol

(500 mg/d) was administered to hepatitis C patients
(n = 5) for 6 weeks. The plasma values of alanine ami-
notransferase (ALT) of pre-dose versus post-dose of
δ-tocotrienol treatment of hepatitis C patients showed
significant decrease (12%) in post-dose values, com-
pared to pre-dose values (Table 13). The plasma AST
also decreased (14%) in post-dose values, compared
to pre-dose values (Table 13). The total RNAs ob-
tained from δ-tocotrienol treated hepatitis C patients
showed significant decrease in expression of pro-
inflammatory cytokines such as TNF-α (47%; P <
0.001), VCAM-1 (22%; P < 0.01). However, there was
a robust increase in expression of pro-inflammatory
cytokines such as ICAM-1 (96%), and IFN-γ (35%)
after post-treatment (Fig. 8a, b). The expression of prote-
asome subunits X (18%), Y (10%) and Z (22%) was not af-
fected significantly (because these proteasome subunits
are not greatly expressed in hematopoietic cells) as com-
pared to other proteasome subunits LMP7 (24%), LMP2
(44%), and LMP10 (37%; P < 0.001) decreased significantly
as shown in Fig. 8c, d. These data suggest that expression
of proteasome LMP subunits and TNF-α were signifi-
cantly down regulated after δ-tocotrienol treatment.
Down-regulation of proteasome subunits leads to autoph-
agy and apoptosis of cells.

Fig. 6 The log IC50 values for anti-proliferation properties of eleven compounds in prostate, breast and lung cancer cells. The log IC50 values calculated
from original data of Tables 1-9 by GraphPad Prism 5 program. The left hand figure showed the logIC50 of first five compounds (thiostrepton,
ampicillin, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, and right hand figure indicated the remaining six compounds ((−) riboflavin,
ascorbic acid, quercetin, amiloride, and quinine sulphate) of prostate, breast and lung cancer cells
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Discussion
This is the first study, in which several natural com-
pounds were compared for their anticancer properties in
several different cancer organ cell lines (liver, pancreas,
prostate, breast, lung) and cell lines (Hela, B-
lymphocytes, melanoma, and T-cells). The present re-
sults clearly demonstrate the effectiveness of several nat-
urally occurring and FDA approved compounds with
anticancer properties in several organs of humans. Collect-
ively, thiostrepton, dexamethasone, 2-methoxyestradiol, δ-
tocotrienol and quercetin were very effective anticancer
agents for Hela, liver, pancreas, prostate, breast, lung, mel-
anoma, B-lymphocytes and T-cell lines (Jurkat). Although,
the present investigation was carried out for anticancer ac-
tivity of eleven compounds, the IC50 values were obtained
for only four compounds, which was due to use of a
small range of doses of 2.5 μM to 80 μM. These four
compounds described above are effective anticancer
properties for cancer cells for all organs of human. The
other compounds (amiloride-HCL, (−) Corey lactone,
quinine sulphate) were effective only in some cancer
cell lines. Higher doses of 160 μM and 320 μM should
have been included in the present study. However,
these natural compounds can act at the proteasome
level, inhibition of the proteasome’s activities leads to

Autophagy, as the cancer cells cannot degrade ubiquiti-
nated proteins.
Thiostrepton has two-fold mechanism of action, first as

anti-intracellular infection (targeting bacterial parasites),
and second, induces autophagy to enhance host cell
defense system by activating endoplasmic reticulum (ER)
stress pathways in eukaryotes [20]. This intracellular re-
sponse is sensitive to the modification of the quinaldic
acid, which is found in all the thiopeptide family of antibi-
otics. The quinaldic acid removes intracellular pathogens
from the body. Therefore, thiostrepton has dual action on
parasitic bacteria and infected host cells [20]. The role of
autophagy is highly complex and context-dependent [21],
leading to both cancer suppression and progression in
several tumors as observed in the present study in breast,
prostate, lung and melanoma cancers by inhibition of the
proteasome’s proteases.
Blocking the proteasome’s proteases leads to autoph-

agy. Autophagy is a conserved process that uses double-
membrane vesicle to deliver cytoplasmic contents to
lysosomes for degradation. Therefore, autophagy may
affect many facets of human biology and disease. Au-
tophagy also protects against certain neurodegenerative
and infectious diseases [22]. Autophagy enhances the
clearance of toxic, cytoplasmic, aggregate-prone

Fig. 7 The log IC50 values of anti-proliferation properties of eleven compounds in melanoma, B-lymphocytes, and T-cells. The log IC50 values
calculated from original data of Tables 1-9 by GraphPad Prism 5 program. The left hand side figure showed the log IC50 of first five compounds
(thiostrepton, ampicillin, dexamethasone, 2-methoxyestradiol, δ-tocotrienol, and right hand side figure indicates the remaining six compounds
((−) riboflavin, ascorbic acid, quercetin, amiloride, and quinine sulphate) of melanoma, B-lymphocytes, and T-cells
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proteins and infectious agents from the body. There-
fore, beneficial roles of autophagy extended to support-
ing cell survival and regulating inflammation [22]. The
degradation of protein is an essential cellular function
that, when dys-regulated or impaired, can lead to wide
variety of diseases [23]. In summary, there are two
intracellular protein degradation systems known as
ubiquitin-proteasome system and autophagy, which act
as a catabolic process that involves delivery of cellular
components to lysosomes for degradation. The recent
studies have indicated interaction between ubiquitin-
proteasome system and autophagy, and their coordi-
nated and complementary relationship becomes critical
in times of cellular stress [23]. These are two major
intracellular protein degradation systems that work co-
operatively to maintain homeostasis [24].
As mentioned earlier, that proteasome inhibitors have

clinical activity in hematological tumors, and inhibitors of
autophagy evaluated as potential antitumor therapies, and

reported that proteasome inhibitors and small interfering
RNA-mediated knockdown of the proteasome’s enzymatic
subunits promoted auto phagosome formation as also ob-
served in present study. The stimulated autophagy flux,
and up-regulated expression of the autophagy-specific
genes, ATG5 and ATG7 observed in some human prostate
cancer cells [24]. The up-regulation of ATG5 and ATG7
occurred in cells displaying proteasome inhibitor-induced
phosphorylation of the eukaryotic translation initiation fac-
tor 2 α (eIF2α), an important component of the unfolded
protein responses. Moreover, proteasome inhibitors did
not induce autophagy or up-regulate ATG5 in mouse em-
bryonic fibroblasts expressing a phosphorylation-deficient
mutant form of eIF2α [24]. Combined inhibition of au-
tophagy and proteasome, induced an accumulation of
intracellular protein aggregates reminiscent of neuronal in-
clusion bodies, and caused more cancer cell death than
blocking either degradation pathway alone [24]. Overall,
their data show that proteasome inhibition activates au-
tophagy through a phosphor-eIF2α-dependent mechanism
to eliminate protein aggregates and alleviate proteotoxic
stress in human prostate cancer cells [24]. Moreover, au-
tophagy in prostate cancer occurred during androgen
deprivation, and an attractive possibility of autophagy in-
hibition combined with hormonal therapy is a promising
approach for prostate cancer treatment [21].
Ampicillin is a broad spectrum antibiotic and used to

treat respiratory tract infections, urinary infections, sal-
monellosis and meningitis. It is effective against both
Gram-positive and Gram-negative bacteria. It acts as an
irreversible inhibitor of the enzyme trans-peptidase,
which needed by bacteria to make their cell wall [25]. It
inhibits in final stage of cell wall synthesis in binary fis-
sion, leads to cell lysis, thus known as bacteriolytic [25,
26]. Dexamethasone used as anti-inflammatory agent to
treat rheumatoid arthritis, bronchospasm, and bacterial
meningitis. It is also used to counteract some side effects
of some chemotherapy drugs in cancer patients, particu-
larly with brain tumor to counteract the development of
edema [27]. Riboflavin is involved in converting food
(carbohydrate) into fuel (glucose), which is used to pro-
duce energy. It is also involved in metabolizing body fats
and protein. It is required for proper healthy liver, skin,
hair, eyes and the nervous system. It acts as an antioxi-
dant to take care of free radicals, which can damage cells
and DNA, which may help to the aging process. It also
helps to reduce risk of developing cataracts, heart dis-
eases, and cancer [28–30].
2-Methoxyestradiol is an endogenous metabolite of

human hormone. It is used in patients with brain tu-
mors, but it has significant adverse effects. It is com-
monly used in combination with quercetin to minimize
the side effects [31]. The combination of quercetin and
2-methoxyestradiol looks very promising for treating

Table 13 Physical characteristics of hepatitis C patients

Hepatitis C patients

Pre-dose values Post-dose values

Parameters Median (IQR)a Median (IQR)

1 Subjects

Male (n) 8 8

Female (n) 6 6

Total (males + female) 14 14

2 Age (years) 44 (39–50) 44 (39–50)

Gender Male (%) 8 (57) 8 (57)

Gender Female (%) 6 (43) 6 (43)

3 Weight (kg)a 69 (64–72) 68 (52–70)

4 Height (cm) 169 (162–171) 169 (162–171)

5 BMI (kg/m2) 24 (23–25) 23 (22–24)

6 Pulse/minte 71 (68–79) 73 (70–77)

7 Temperature (°C) 37.4 (37.2–38.3) 37.5 (37.3–37.8)

8 Systolic blood pressure
(mmHg)

125 (122–131) 120 (118–129)

Diastolic blood pressure
(mmHg)

85 (80–90) 80 (75–85)

9 Heamoglobin (g/L) 142 (137–150) 143 (138–154)

10 Total Leukocytes counts
(109/L)

5404 (4316–6505) 5385 (4523–7725)

11 Bilirubin (μmmol/L) 15 (11–22) 16 (10–20)

12 Alanine Aminotransferase
(ALT; U/L)

68 (64–79) 60 (53–69)b

13 Aspartate Aminotransferase
(AST; U/L)

56 (53–59) 48 (45–51)b

14 Alaline Phosphatase
(ALP; U/L)

84 (72–91) 77 (68–85)b

15 Creatinine (μmol/L) 92 (84–109) 85 - (74–113)
aIQR Interquartile Range (25–75); bWilcoxon Sinf rank test applied P < 0.001
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patients with prostate cancer. Therefore, combination of
quercetin and 2-methoxyestradiol can serve as a novel
clinical treatment regimen owing to the potential of en-
hancing antitumor effect on prostate cancer in vivo and
lessening the dose and side effects of either quercetin or
2-methoxyestradiol alone. These in vivo, results will lay
a further solid basis for subsequent studies on this novel
therapeutic regimen in human prostate cancer [31]. The
physiological and biochemical functions of ascorbic acid,
as electron donor, and can be used as an adjuvant in the
treatment of various types of cancer [32]. Amiloride-
HCL modulates oncogenic RNA Alternative Splicing to
devitalize human cancer cells. Proteome complexity ex-
panded by alternative splicing (AS), a process involving
differential exon inclusion or exclusion of the same pre-
mRNA molecule to produce various mRNA and protein
isoforms [33–35]. Quinine sulfate is the natural product
to treat malaria in humans [36].
Pancreatic cancer is the fourth-leading cause of death

in the USA. Tocotrienols are better anti-oxidants than
tocopherols due to its unsaturated side-chain, which fa-
cilitate better penetration into trans saturated fatty
layers of liver and brain [37, 38]. Tocotrienols inhibit
tumor formation, and very effective in reducing human

pancreatic carcinoma cells and BxPC-3 pancreatic
ductal adenocarcinoma cells [39]. Tocotrienols are
found to be very effective in human breast cancer cells
and for inducing apoptosis in estrogen-responsive and
estrogen-nonresponsive human breast cancer cells by
targeting cancer cells by inhibiting Id1, a key cancer-
promoting protein [40]. This mechanism was also ob-
served in prostate cancer and melanoma cell lines
[41]. γ-Tocotrienol is very potent for cell apoptosis
and anti-proliferation of cancer cells [40]. The
anti-proliferative effect of tocotrienols reported in
prostate cancer cells by detoxification mechanism.
γ-Tocotrienol was potent in suppressing prostate
cancer proliferation, this anti-proliferative effect is
through multiple-signaling pathways (NF-κB, EGF-R,
Id family proteins) [42]. Tocotrienols have also found
to be effective against human malignant melanoma cells
[43]. In short, all these published properties clearly indi-
cate the importance of these compounds tested in vitro in
cancer cell lines of different organs in various types of can-
cer. Future investigation may explore their effects alone or
as combined therapy, specifically with naturally-occurring
compounds in vivo to treat various types of cancer in
humans, as it is well known that consumption of

a b

c d

Fig. 8 a-d The expression of important inflammatory biomarkers and proteasome subunits of total RNAs obtained from plasma after EDTA treated
whole blood after feeding δ-tocotrienol (500 mg/d) for 6-weeks to hepatitis C patients. The quantitative Real-time qRT-PCR was performed on total
mRNA isolated from plasma samples of hepatitis C patients of pre-dose and post-dose samples. Taqman primer-probes and Step-one qRT-PCR kit were
used for these estimations. All reactions were performed in triplicate using equal amounts of total RNA per reaction. Reverse-transcriptase step involved
incubation at 48 °C for 15 min. The PCR cycling conditions included an initial denaturation at 95 °C for 10 min, followed by 40 cycles of 95 °C for 15 s,
and 60 °C for 60 s. Real-time PCR assays were completed using a Step-one plus Real time PCR system. Relative gene expression of hepatitis C patients
of pre-dose vs post-dose samples were normalized (2−ΔΔCT analysis) to GAPDH. Values in a column not sharing a common symbol are significantly
different at ¶ = P < 0.001; § = P < 0.01; ‡ = P < 0.05; † = control
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moderate doses of naturally-occurring compounds have
no side-effects in humans.
We have shown that proteasome plays a pivotal role in

modulating lipopolysaccharides (LPS)-induced inflamma-
tion [12] Proteasomes have several functions and degrade
crucial regulatory proteins via its chymotrypsin-like (X,
LMP7), post-acidic (Y, LMP2) and trypsin-like (Z, LMP10)
activities. We have also shown that different mouse/human
cells differ in the proteasome subunits they contain. There-
fore, upregulation/downregulation proteasome’s activities
play a major role in metabolism and cellular innate im-
mune response [44]. These results suggest that expression
of proteasome LMP subunits and TNF-α are clearly down
regulated after δ-tocotrienol treatment, as described earlier
[20–24] that down-regulation of proteasome subunits leads
to apoptosis and autophagy of cells [45]. We have also
noted that gene expression of all proteasome subunits sig-
nificantly reduced in whole-blood cells obtained from
hepatitis C patients, relative to healthy volunteers. Concur-
rently, protein expression levels of VCAM-1, ICAM-1,
resistin, biomarkers in plasmas are clearly up regulated
during initial stage of cancer, but significantly down regu-
lated in later stages of cancer in patients.

Conclusions
The present in vitro results indicate that δ-tocotrienol is
very potent proteasome inhibitor among other outstand-
ing inhibitors (such as thiostrepton, 2-methoxyestradiol,
quercetin) for apoptosis tested in all nine cell lines
(Hela, liver, pancreatic, prostrate, breast, melanoma, B
lymphocytes, T-cells). The total RNAs obtained from
plasmas of δ-tocotrienol treated hepatitis C patients
showed significant decreases in the expression of TNF-α
(47%) and VCAM-1 (22%) pro-inflammatory cytokines.
However, there was a robust increase in the expression
of ICAM-1 (96%) and IFN-γ (35%). Expression of the
proteasome subunits X, Y, Z (10% - 22%) and LMP7,
LMP2, LMP10 (24% - 44%) decreased significantly after
δ-tocotrienol treatment. These results suggest that ex-
pression of proteasome subunits and TNF-α were down
regulated after δ-tocotrienol treatment, and excessive
down-regulation of proteasome subunits leads to au-
tophagy and apoptosis of cells. These results are further
supported by RNA-sequence analysis by Ingenuity Path-
way Analysis (IPA) of plasma RNAs obtained from δ-
tocotrienol treatment of hepatitis C patients, and will be
the subject of our next manuscript. That will describe
possible canonical pathways, up-stream regulators, dis-
eases and functional metabolic networks using δ-
tocotrienol. Collectively, these results highlight the crit-
ical importance for role of proteasomes in inflammation
and apoptosis of cells. Furthermore, total RNAs purified
from plasma of hepatitis C patients accurately reflects
key changes in levels of proteasome subunits and will

help to distinguish patients with normal, and possible in-
flammatory diseases. Moreover, addition of selected pro-
teasome activators/inhibitors to cultures of these cells
will enhance or suppress cellular responsiveness depend-
ing on the type of cell. Since, the proteasome affects so
many pathways (ubiquitin-proteasome, Toll-like, STAT3)
present data have revealed that some of these prote-
asome activators may be useful in several types of cancer
patients and other inflammatory diseases.
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