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Introduction: Globally, hepatocellular carcinoma (HCC) is the sixth most diagnosed
cancer and the third important cause of cancer-related death. As there are only two
targeted drugs for the treatment of advanced HCC —that merely extend survival by a few
months—the need for alternative treatments is inevitable. Lycopene, a carotenoid that is
known to be most abundant in red tomatoes and tomato-based products, has been
investigated for its anticancer activity in various types of cancers including HCC. This
review was conducted to evaluate the effects of lycopene on HCC from animal models to
pave the way for further clinical studies.

Methods: Electronic databases and search engines including PubMed, EMBASE, and
Google Scholar were searched for original records addressing the anticancer effect of
lycopene in animal models of HCC. Data were extracted using a format prepared in
Microsoft Excel and exported to Stata 15.0 for analyses. A meta-analysis was performed
using a random-effects model at a 95% confidence level for the outcome measures: tumor
incidence, number, and growth (tumor volume and size). The presence of publication bias
between studies was evaluated using Egger’s test and funnel plot. The study protocol was
registered in the PROSPERO database with reference number: CRD42019159312.

Results: The initial database search yields 286 articles, of which 15 studies met the
inclusion criteria. The characteristics of the included studies were a bit diversified. The
studies involved a total of 644 animals (312 treatment and 332 control groups) and mice
shared the majority (488) followed by rats (117) and ferrets (39). The meta-analysis
showed that lycopene significantly reduced the incidence [RR 0.8; 95% CI 0.69, 0.92
(p=0.00); I? = 30.4%, p=0.16; n=11], number [SMD-1.83; 95% Cl -3.10, -0.57 (p=0.01);
1> = 95.9%, p=0.00; n=9], and growth [SMD -2.13; 95% ClI -4.20, -0.04 (p=0.04); I =
94.6%, p=0.00; n=4] of HCC.
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Conclusions: Administration of lycopene appears to inhibit the initiation and progression
of cancer in animal models of HCC. However, more controlled and thorough preclinical
studies are needed to further evaluate its anti-HCC effects and associated molecular

mechanisms.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common type of primary liver
cancer that has become a major public health problem ranked as the
sixth most common cancer and the third leading cause of cancer-
related deaths (Bray et al., 2018). Surgical resection, liver
transplantation, and locoregional therapies are potential curative
treatment options for early or intermediate stage HCC (Kirstein and
Wirth, 2020). For patients with advanced HCC, however, only two
targeted drugs—multi-kinase inhibitor sorafenib, and the vascular
endothelial growth factor-2 (VEGFR-2) antagonist ramucirumab—
that only increase patient survival by few months exist (Lurje et al,
2019; Vogel and Saborowski, 2020). Therefore, the development of
alternative methods of treatment needs urgent attention.

Lycopene, a bioactive deep-red pigment naturally synthesized
by fruits and vegetables, is the most abundant carotenoid in red
tomatoes and tomato-based products, including ketchup, tomato
juice, and pizza sauce (Ilahy et al, 2019). Human and
experimental studies have reported that lycopene can influence
the development and progression of HCC (Mein et al., 2008; Ip
and Wang, 2013; Stice et al., 2018; Thomas et al., 2020). For
instance, in studies conducted using hepatoma cell lines lycopene
inhibited cell growth, migration, and invasion (Huang et al.,
2008; Yang et al, 2012; Jhou et al, 2017). Besides, orally
administered lycopene attenuates liver-specific carcinogen
diethylnitrosamine (DEN)-induced hepatocarcinogenesis in
rodents (Ip et al., 2014; Sahin et al., 2014; Bhatia et al.,, 2018).
To our knowledge, no published systematic review or meta-
analysis that reported evidence vis-a-vis the effects of lycopene in
animal models of HCC. Hence, we conducted a systematic
review and meta-analysis to evaluate the anti-HCC effects of
lycopene in animal models of HCC.

MATERIALS AND METHODS
Study Protocol

This study was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher et al., 2009). The completed checklist is
provided as supplementary material (Additional file 1: Table
S1). The study protocol is registered on PROSPERO with

Abbreviations: CDK, Cyclin-dependent kinase; GPx, Glutathione peroxidase;
GST, Glutathione-S-transferase; HO-1, Heme oxygenase-1; IL, Interleukin; NF-
kb, Nuclear factor-kappa B; Nrf2, Nuclear factor E2-related factor 2; SMD,
Standardized mean difference; SOD, Superoxide dismutase; STAT, Signal
transducer and activator of transcription; TI, Tumor incidence; TN, Tumor
number; TNFo, Tumor necrosis factor alpha; TS, Tumor size; TV, Tumor
volume; VEGFR-2, Vascular endothelial growth factor-2.

reference number CRD42019159312 and available at: https://
www.crd.york.ac.uk/prospero/#recordDetails

Data Sources and Search Strategy

We conducted an electronic literature search in PubMed and
EMBASE from onset to February 29™, 2020 using the following
keywords and indexing terms: “lycopene”, “carotenoids”,
“hepatocellular carcinoma”, and “animal model”. Reference lists
of identified citations and Google Scholar were also searched to
identify additional studies. Boolean operators (AND, OR) or its
meta and truncation were used when appropriate to increase the
number of relevant articles. An example of the search strategy
employed in PubMed is provided as supplementary material
(Additional file 2: Table S2).

Study Selection and Inclusion Criteria

Two reviewers independently reviewed the articles for inclusion
through scanning of titles and abstracts for relevance. Articles
deemed important or for which decisions were difficult to
exclude were retained for full-text review. Similarly, two
reviewers independently reviewed the articles against pre-
defined inclusion criteria: used animal models of HCC,
reported anticancer effects directly generated by lycopene
treatment, and controlled studies with a separate control
group, published in English. There was no restriction based on
the year of publication, or sample size. Disagreement during the
full-text review was resolved through discussion until unanimity.

Data Extraction and Quality Assessment

By using a format prepared in Microsoft Excel the following items
were extracted: author, year, characteristics the animal models
(species/strain, age, sex, weight, and type), number of animals in
the experimental and control group, the dose of lycopene, timing,
duration and route of administration, and outcomes measures
including tumor size (TS), tumor volume (TV), tumor number,
tumor incidence (TI), and molecular markers.

The quality of the included studies was evaluated by using the
Collaborative Approach to Meta-Analysis and Review of Animal
Data from Experimental Studies (CAMARADES) checklist
(Macleod et al., 2004). The items consisted of (1) publication
in a peer-reviewed journal; (2) statement of control of
temperature; (3) randomization to treatment or control; (4)
allocation concealment; (5) blinded assessment of outcome; (6)
use of a suitable animal model of HCC; (7) sample size
calculation; (8) avoidance of anesthetics with marked intrinsic
properties; (9) statement of compliance with regulatory
requirements; and (10) statement of potential conflicts of
interest. A point was given for each criterion reported. The
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potential score ranges from 0 to 10, with higher scores indicating
greater methodological rigor. Two independent investigators
performed a quality assessment and disagreements were
resolved through discussion by reviewing the full text together.

Data Processing and Statistical Analysis
The extracted data were analyzed using Stata 15.0. Risk ratio
(RR) was used as the effect measure for the outcome of tumor
incidence and the standardized mean difference (SMD) for the
outcome measures of tumor growth (TV, TS) and number.
Considering the variation in true effect sizes across the
population, the random-effects model was applied for the
analysis at a 95% confidence level. The significance of
heterogeneity of the studies was assessed using I* statistics
based on Cochran’s Q test, I’ returns, and the percent
variation across studies. Subgroup analysis was performed
based on type of HCC model, species/strain, and lycopene
dose. The presence of publication bias was evaluated using
Egger’s regression (Egger et al., 1997) tests and presented with
funnel plots. A statistical test with a p-value of less than 0.05 was
deemed to be significant.

RESULTS

Study Selection

A total of 286 studies were identified through the database search
(n=244), and Google scholar or bibliographic review (n=42). After
removing duplicates (n=98), 188 records were screened using titles
and abstracts of which 38 studies retained for the full-text review.
Finally, a total of 15 studies were included in the systematic review
(Watanabe et al., 2001; Toledo et al., 2003; Takahashi et al., 2010;
Wang et al., 2010; Gupta et al.,, 2013a; Gupta et al., 2013b; Gupta
et al,, 2013¢; Ip et al., 2013; Ip et al,, 2014; Sahin et al., 2014; Bhatia
et al., 2015; Stice et al,, 2015; Aizawa et al,, 2016; Gupta et al., 2016;
Bhatia et al., 2018), of which 10 studies (Watanabe et al., 2001;
Toledo et al., 2003; Takahashi et al., 2010; Wang et al., 2010; Gupta
et al,, 2013¢; Ip et al.,, 2013; Ip et al,, 2014; Sahin et al., 2014; Stice
et al,, 2015; Aizawa et al., 2016) included in the meta-analysis. The
major reasons for exclusion were not containing the outcome of
interest (n=9), not related to exposure of interest, and being in vitro
study (n=5) (Figure 1).

Study Characteristics

The studies were published between 2001 and 2018 and employed
different animals. More than 1/3 of the studies used BALB/c mice
(Gupta et al., 2013a; Gupta et al., 2013b; Gupta et al., 2013¢; Bhatia
et al,, 2015; Gupta et al., 2016; Bhatia et al.,, 2018) and others used
Wistar rats (Toledo et al., 2003; Sahin et al., 2014; Stice et al., 2015),
Sprague-Dawley rats (Wang et al.,, 2010), WT/BCO2-KO mice (Ip
et al,, 2014), C3H/HeN mice (Takahashi et al., 2010), C57BL/6]
mice (Ip et al,, 2013), ferrets (Aizawa et al., 2016), and Long-Evans
Cinnamon rats (Watanabe et al, 2001). Six of the 15 studies
enrolled female animals (Gupta et al., 2013a; Gupta et al., 2013b;
Gupta et al.,, 2013¢; Bhatia et al., 2015; Gupta et al.,, 2016; Bhatia
et al.,, 2018). Although more than half of the studies used 5 mg/kg
dose and given before administration of the carcinogen, there was

significant variation among studies in terms of dose, frequency, and
duration of lycopene administration. Six of the 15 studies have only
reported the expression of inflammatory (Stice et al., 2015; Bhatia
et al,, 2018), redox (Gupta et al., 2013a; Gupta et al., 2013b; Bhatia
et al., 2018), proliferation, and apoptosis (Bhatia et al., 2015; Gupta
et al., 2016) markers as their main outcome measures in an effort to
elucidate the anti-HCC mechanism of lycopene (Table 1).

The median quality score checklist items scored was 6 out of
10 (interquartile range, 5-7; Additional file 3: Table S3). All the
included studies were peer-reviewed publications, used a suitable
animal model of HCC, and avoided the use of anesthetics with
marked intrinsic properties. However, none of the studies
reported the detailed protocol regarding the conducted
experiment, and all of the studies did not report sample size
calculations except one study (Sahin et al., 2014).

Meta-Analysis

Tumor Incidence

Seven studies with 11 independent experiments were included to
investigate the effect of lycopene treatment on HCC incidence. The
pooled estimate indicated a significant decrease in tumor incidence
(RR 0.8; 95% CI 0.69, 0.92 (p=0.00), and between-study
heterogeneity was not evident (I° = 30.4%, p=0.16; Figure 2).
Subgroup analysis indicated a significant reduction of tumor
incidence in rats [RR 0.63; 95% CI 0.44, 0.90 (p=0.01); P = 0.0%,
p=0.44]; chemically-induced HCC model [RR 0.60; 95% CI 0.45,
0.80 (p=0.00); I = 0.00%, p=0.83]; at a dose of >5mg/kg [RR 0.75;
95% CI 0.64, 0.87 (p=0.00); I = 16.3%, p=0.31]; and duration of
lycopene therapy < 24 weeks with no evidence of heterogeneity
(Table 2).

Tumor Number

Six studies, containing 9 independent experiments, were
included to investigate the effect of lycopene on tumor
numbers. The overall pooled analysis showed a significant
reduction in tumor number (SMD-1.83; 95% CI -3.10, -0.57;
p=0.01). However, the test for heterogeneity was significant (I* =
95.9%, p=0.00; Figure 3). Subgroup analysis showed a significant
decrease in tumor number in rats than mice and ferrets, with no
evidence of heterogeneity [SMD -2.46; 95% CI -3.34, -1.58
(p=0.00); I* = 0.0%, p=0.49] (Table 2).

Tumor Growth

Four studies with 4 independent experiments were included to
investigate the effect of lycopene treatment on HCC growth. The
pooled estimate suggested a significant inhibition of HCC growth
[SMD -2.13; 95% CI -4.20, -0.04 (p=0.04); I’ = 94.6%, p=0.00]
(Figure 4). Due to the limited availability of data, it was not
possible to conduct subgroup analyses.

Publication Bias
The publication bias evaluation for the meta-analysis of tumor
incidence (11 studies) is shown in Figure 5. No significant
publication bias was observed for TI (Egger’s test: p=0.30), TN
(Egger’s test: p=0.98), or TG (Egger’s test: p=0.26).

Sensitivity analysis showed that no studies substantially
influenced the overall RR/SMD after removing one study at a
time (Table 3).
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FIGURE 1 | PRISMA flow chart describing the selection process.

DISCUSSION

This systematic review and meta-analysis was conducted to
evaluate the effect of lycopene against animal models of HCC.
We found that lycopene proved to generate a robust antitumor
activity in animal models of HCC. Various mechanisms have
been pointed out to explain the antitumor activity of lycopene
against HCC development and progression. Although several in
vitro and in vivo studies reported beneficial effects of lycopene
against HCG, to the best of our knowledge, this is the first meta-
analysis that assessed the anticancer activity of lycopene in
animal models of HCC.

Lycopene has been shown to inhibit liver tumor initiation
by diverse mechanisms including suppressing the expression
of cytochrome p450 2E1 enzymes (involved in the activation
of procarcinogens), scavenging oxygen free radicals or up-
regulating the antioxidant defense system (Wang et al., 2010;
Stice et al., 2015; Aizawa et al., 2016). The latter due to its

ability to stimulate the nuclear factor E2-related factor 2
(Nrf2) that is known to be a crucial regulator of the cellular
response to oxidative stress (Wang et al., 2010). Nrf2 has been
shown to induce the expression of antioxidant or detoxifying
enzymes such as superoxide dismutase (SOD), glutathione-S-
transferase (GST), glutathione peroxidase (GPx), heme
oxygenase-1 (HO-1), and catalase (Gupta et al., 2013b;
Bhatia et al., 2018).

Moreover, several studies reported lycopene’s ability to
inhibit HCC promotion and progression via altering the
expression of genes involved in cell signaling, which are known
to regulate cell proliferation and apoptosis (Gupta et al., 2013a;
Ip et al,, 2013; Sahin et al., 2014; Bhatia et al., 2015; Aizawa et al,,
2016; Gupta et al., 2016). Lycopene has been shown to inhibit the
proliferation of tumor cells via inducing cell cycle arrest
(Teodoro et al.,, 2012; Takeshima et al., 2014). In this regard,
lycopene prevents cell-cycle progression from G; to S phase,
mainly by inhibiting the expression of cyclin D and E that
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TABLE 1 | Characteristics of the included studies.

15t author & year

Animal model characteristics

Experimental group Control group

(n)

(n)

Lycopene administration

Outcome measures

Strain/ Gender Age Weight HCC Model Timing of Dosage regimen
Species administration
Watanabe et al., LEC rats M 6wk NR LEC HCC+Ly (20) LEC rats (20) NA 5 mg/kg, daily for 70 wks TV
2001 via diet
Toledo et al., 2003 Wistar rats M NR 40-45¢g DEN+AAF Ly + DEN+AAF (8) Corn oil+ DEN 2wks before 5mg/kg, 3xawk for8  TI, TS, TN
+AAF (8) DEN & 4wks wks via gavage
before AAF
Takahashi et al., C3H/HeN mice M 6wk NR C3H/HeN HCC+Ly (14, 15, 17)  C3H/HeN mice  NA 5 mg/kg, daily for 66wks  TI, TS, TN, 80HdAG
2010 with XPA+/+, (16, 18, 18) via diet
+-, & -/-
Wang et al., 2010 Sprague- M 8wk NR HFD HFD+Ly (8) HFD (8) 3 days after 15 mg/kg, daily for 6 wks  TlI, JNK, ERK1/2, oxidative stress & TNF-
Dawley rats DEN via diet o, IL-1B, IL-12, Nrf2, NF-xB p65, HO-1,
MDA, 4-HNE
Gupta et al., 2013a  Balb/c mice F NR 25-30g DEN Ly +DEN (5) DEN (5) 2wks before 5 mg/kg, 3x a wk for 24 bcl-2, caspase 3, caspase 9, p53, LPO,
DEN wks via diet Glutathione redox ratio
Gupta et al., 2013b  Balb/c mice F NR 25-30g DEN Ly +DEN (10) DEN (10) 2wks before 5 mg/kg, 3x a wk for 12 Chromosomal analysis, Cytochrome
DEN wks via diet P450 m LPO, GSH, GST, GSH
peroxidase, GR, CAT, SOD, LFTs
Gupta et al., 2013c  Balb/c mice F NR 25-30g DEN Ly +DEN (20) DEN (16) 2wks before 5 mg/kg, 3x awk for 24 TI, TN
DEN wks via diet
Ip et al., 2013 C57BI/6d mice M 2wk NR DEN/HFD HFD+APO10LA* (24) HFD (24) 4wks after DEN 10 mg/kg, 2-3 x a wk for TN, TV, SIRT1. NF-kB p65, FoxOT1,
24 wks via diet AMPKao,, STAT3, TNFa, IL-6, caspase-1
cyclin D1.
Ip et al., 2014 WT & BCO2- M 2wk  NR DEN/HFD HFD+Ly (26, 80) HFD (26, 100) 4 wks after 10 mg/kg, 2-3 x awk for  TI, TN, ER stress, mTOR, inflammatory
KO mice DEN 24 wks via diet markers, met
Sahin et al., 2014 Wistar rats M 8wk 180-200g DEN DEN+Ly (12) DEN (9) 4wks before 20 mg/kg, 3x awk for 24 TI, TN, TV, NF-kB p65, COX-2, Nrf2,
DEN wks via diet HO-1, mTOR, 70S6K1, 4EBP1 & Akt
Stice et al., 2015 Wistar rats M 8wk NR DEN/Ethanol  Ethanol+Ly(12) Ethanol (12) 8 wks after 1.1 mg/kg, daily for 4 wks ER stress, CYP2E1, inflammatory
DEN & 2wks via diet markers
after ethanol
Bhatia et al., 2015 Balb/c mice F NR 25-30g DEN Ly +DEN (10) DEN (10) 2wks before 5 mg/kg, 3x a wk for 12 LFTs, AFP, HIF-1a, VEGF, CD31, MMP-
DEN wks via diet 2, & MMP-9
Aizawa et al., 2016  Ferret M NR 1.1-1.7kg  NNK NNK+ Ly (10, 9) NNK + placebo  3wks before 2.2 mg & 6.6mg/kg, daily Tl, CYP2ET1, cyclin D1, MMP-2, NF-xB
(10, 10) NNK for 26 wks
Gupta et al.,, 2016 Balb/c mice F 25-30g DEN Ly +DEN (7) DEN (7) 2wks before 5 mg/kg, 3x a wk for 24 PCNA, Cyclin D1, p21, glycolytic
DEN wks via diet enzymes activity
Bhatia et al., 2018  Balb/c mice F NR 25-30g DEN Ly +DEN (5) DEN (5) 2wks before 5 mg/kg, 3x awk for 12 LFTs, inflammatory markers, LPO, GSH,
DEN wks via diet GST, GSH peroxidase, GR, CAT, SOD

‘e 18 BUNBIA

9oe L 8Py | L1 swnoA | 020z 1snbny

*lycopene metabolite. 2-AAF, 2-acetylaminofiuorene; 4-HNE, 4-hydroxynonenal; SOHAG; 8-hydroxy-2’-deoxyguanosine; AFP, alpha feto protein; AMPK, AMP-activated protein kinase; APO10LA, Apo-10’-lycopenoic acid; BCO2-KO, beta-
carotene-9’,10’-oxygenase-knockout; CAT, catalase; CD31, cluster of differentiation 31; COX-2, cyclooxygenase-2; CYP, Cytochrome P450; DEN, Diethylnitrosamine; ER, endoplasmic reticulum; ERK1/2, extracellular signal-regulated kinase;
GSH, glutathione; GST, glutathione-s transferase; GR, glutathione reductase; HFD, high-fat diet; HIF, hypoxia induced factor; HO-1, Heme oxygenase-1; IL, interfeukin; JNK, c-Jun N-terminal kinase; LEC, Long-Evans Cinnamon; LFTs, liver
function tests; LPO, lipid peroxidation; Ly, lycopene; MDA, malondialdehyde; MMPs, Matrix metalloproteinases; NA, not applicable; mTOR, mammalian target of rapamycin; NF-xB, nuclear factor- kB; NNK, 4-(N-methyl-N-nitrosamino)-1-(3-
pyridyl)-1-butanone;NR, not reported; Nrf2, NF-E2-related factor 2, PCNA, proliferating cell nuclear antigen; SOD, superoxide dismutase; STATS, signal transducer & activator of transcription 3; TN, tumor number; TNF-a, tumor necrosis
factor-o; TS, tumor size; Tl, tumor incidence; TV, Tumor volume; VEGF, vascular endothelial growth factor; WT, wild-type; XPA, xeroderma pigmentosum complementation group A.
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FIGURE 2 | Forest plot of the effects of lycopene on tumor incidence.
TABLE 2 | Subgroup analyses of the effects of lycopene on tumor incidence and number.
Subgroup Experiments, N RR/SMD (95% CI) p-value Tests for heterogeneity

Q p 12

Tumor incidence
All studies ihl 0.80 (0.69, 0.92) 0.00 14.4 0.16 30.4
Strain/species

Rats 3 0.63 (0.44, 0.90) 0.01 1.6 0.44 0.0%

Mice 6 0.84 (0.71,0.99) 0.04 9.7 0.08 48.5%

Ferrets 2 0.57 (0.20,1.62) 0.29 0.7 0.41 0.0%
HCC model

Spontaneous 3 0.98 (0.75, 1.28) 0.89 3.5 0.17 43.5%

Chemical 5 0.60 (0.45,0.80) 0.00 1.5 0.83 0.0%

Diet 3 0.79 (0.71,0.89) 0.00 2.0 0.36 1.4%
Lycopene dose

<5mg/kg 5 0.92 (0.73,1.17) 0.51 5.5 0.24 27.5%

>5mg/kg 6 0.75 (0.64,0.87) 0.00 6.0 0.31 16.3%
Duration
<24 weeks 6 0.75 (0.66, 0.86) 0.00 5.6 0.35 10.8%
>24 weeks 5 0.95 (0.74, 1.22) 0.69 5.2 0.27 23.0%
Tumor number
All studies 9 -1.83 (-3.10, -0.57) 0.01 195.6 0.00 95.9%
Strain/species

Rats 2 -2.46 (-3.34, -1.58) 0.00 0.5 0.49 0.0%

Mice 7 -1.65 (-3.15, -0.15) 0.03 192.4 0.00 96.9%
HCC model

Spontaneous 3 0.15 (-0.25, 0.56) 0.46 2.0 0.36 1.1%

Chemical 3 -1.84 (-3.16, -0.52) 0.01 9.4 0.01 78.7%

Diet 3 -3.7 (-4.42, -2.98) 0.00 5.2 0.07 61.6%
Lycopene dose

<5mg/kg 4 -0.42 (-1.41,0.57) 0.41 17.6 0.00 82.9%

>5mg/kg 5 -2.85 (-4.18, -1.52) 0.00 59.1 0.00 93.2%
Duration
<24 weeks 6 -2.85 (-4.02, -1.68) 0.00 59.1 0.00 91.5%
>24 weeks 3 0.154(-0.25, 0.56) 0.46 2.0 0.36 1.1%

Cl, confidence interval; RR, Risk Ratio; SMD, standardized mean difference.
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%

Study SMD (95% CI) Weight

Toledo, 2003 —0— -2.86 (-4.31,-1.42)  10.20

Takahashi, 2010 P -0.16 (-0.88,0.56)  11.33

Takahashi, 2010 o 0.05 (-0.65, 0.76) 11.35

Takahashi, 2010 e 0.54 (-0.15, 1.22) 11.37

Gupta, 2013c P 076 (-1.44, -0.08)  11.37

IP, 2013 — 461(5.71,-351)  10.81

IP, 2014 —— -3.03(-3.84,-223) 1123

IP, 2014 - -3.69 (-4.18,-3.21) 11.56

Sahin, 2014 ——— 222 (-3.33,-1.10) 10.78

Overall (I-squared = 95.9%, p = 0.000) <> -1.83(-3.10,-0.57)  100.00

NOTE: Weights are from random effects analysis :

-0 Favours "Lycopene" 0 Favours "Control" 10
FIGURE 3 | Forest plot of the effects of lycopene on tumor number.
%
Study SMD (95% C1) Weight
Watanabo, 2001 o 0.49(0.14,1.12) 2638
Toledo, 2003 — 2,62 (4.25,-1.39) 23908
12,2013 — -2.45(-3.20, -1.69) 26.10
Sahin, 2014 —_— -3.99 (-5.52, -2.45) 225
Overall (1-zquared = 94.6%, p = 0.000) @ 213(421,-004) 10000
NOTE: Weights are from random effects analysis :
T = T
19 Favours "Lycopene” o Favours "Control” 10
FIGURE 4 | Forest plot of the effects of lycopene on tumor growth.

resulted in inactivation of cyclin-dependent kinase (CDK) 2
and 4 and associated decrease in the phosphorylation of
retinoblastoma (Lurje et al., 2019) and inhibition of cell-cycle
progression from G; to S phase. Moreover, lycopene increases
the expression of CDK inhibitors including p21 and p27, as well
as the tumor suppressor gene p53 (Gupta et al., 2016).
Furthermore, studies have reported the ability of lycopene to
induce apoptosis by down-regulating the expression of anti-
apoptotic proteins, including Bcl-2, BcIXL, and surviving and by
up-regulating the expression of the pro-apoptotic proteins Bax,
Bad, and Bim and associated activation of caspases 8, 9, and 3
(Gupta et al,, 2013a; Jeong et al., 2019). In addition, lycopene has
been shown to exert an anti-inflammatory effect to inhibit HCC
development and progression (Wang et al., 2010; Ip et al., 2013;

Ip et al., 2014; Stice et al., 2015; Bhatia et al., 2018). This is largely
mediated through inhibition of the oncogenic transcriptional
nuclear factor-kappa B (NF-xB) activation and downstream
cascades (Ip et al, 2013; Bhatia et al., 2018). Hence, lycopene
inhibits NF-«xB induced expression of inflammatory cytokines
including tumor necrosis factor alpha (TNFo) and interleukin
(IL) 6, that affect the survival and proliferation of premalignant
cells (Vendrell et al., 2015; Todoric et al., 2016). In addition,
lycopene halts the activation of signal transducer and activator of
transcription (STAT) 3, a transcription factor that is normally
activated by IL6 and found to be important for HCC
development (He and Karin, 2011; Fan et al., 2013).

The strength of this review is the use of evidence generated
from controlled randomized experiments and prospectively
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FIGURE 5 | Funnel plots depicting publication bias.
TABLE 3 | Sensitivity analysis to evaluate the effect of each individual study. overall small number of experiments, such sub-group analysis
) may not yield strong evidence. Second, the overall small number
Outcome Study omitted RR/SMD 95%CI . B . .
of animals in the study and its corresponding small number of
Tumor incidence Toledo et al., 2003 0.81 0.70,0.94 experiments should be considered.
Takahashi et al., 2010 0.78 0.67,0.92
Takahashi et al., 2010 0.79 0.67,0.94
Takahashi et al., 2010 0.78 0.72,0.86
Wang et al., 2010 0.81 070092 CONCLUSION
Gupta et al., 2013c 0.82 0.72,0.94
Ip etal., 2014 0.80 0.67,0.95 The current meta-analysis suggests that lycopene has a potential
Ip et al.,, 2014 0.79 0.64,0.96 to prevent HCC development and progression through its effect
Sahin et al., 2014 0.81 0.69,0.95 the incid b d wth of HCC. Thi
Alzawa et 4l 2016 0.80 0.60.0.93 on the incidence, number and growth o . This occurs as a
Aizawa et al., 2016 0.80 0.70,0.93 result of antioxidant, anti-inflammatory, antiproliferative, and
Overall 0.80 0.69,0.92 apoptosis inducing actions of lycopene in animal models of
Tumor number Toledo et al., 2003 172 808,036 HCC. However, further controlled studies are required to
Takahashi et al., 2010 2,05 842087 guinort these mechanisms.
Takahashi et al., 2010 -2.08 -3.43,-0.73
Takahashi et al., 2010 2.14 -3.41,-0.87
Gupta et al., 2013c -1.98 -3.41,-0.54
Ip etal., 2013 -1.50 -2.79,-0.21
Ip et al., 2014 -1.68 308029  AUTHOR CONTRIBUTIONS
Ip etal, 2014 -1.58 -2.76,-0.40
Sahin et al., 2014 179 -3.18-040  AM, BH, KM, and BM were involved in the conception, design,
Overall 183 -810-0.57 analysis, interpretation, and manuscript writing. AT, JA, and MS
Tumor growth Watanabe et al., 2001 2.89 -3.75,-2.04 Ysis, interp » 4 cript writing. AL, JA, al
Toledo et al., 2003 191 444062  wereinvolved in the design, analysis, and critically reviewing the
Ip et al., 2013 2,05 -5.06,0.96 manuscript. All authors contributed to the article and approved
Sahin et al., 2014 -1.65 -3.82,0.73 the submitted version.
Overall -2.13 -4.21,-0.04

Cl, confidence interval; RR, Risk Ratio; SMD, standardized mean difference.

collected data. However, our review also has some limitations
that should be considered during interpretation of findings. First,
the use of different species of animals made controlling the
contribution of inter-species differences. We addressed this
through sub-group analysis for each species. But given the

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2020.
01306/full#supplementary-material

Frontiers in Pharmacology | www.frontiersin.org

August 2020 | Volume 11 | Article 1306


https://www.frontiersin.org/articles/10.3389/fphar.2020.01306/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.01306/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Mekuria et al.

Anti-Cancer Effects of Lycopene

REFERENCES

Aizawa, K., Liu, C, Tang, S., Veeramachaneni, S., Hu, K. Q., Smith, D. E,, et al.
(2016). Tobacco carcinogen induces both lung cancer and non-alcoholic
steatohepatitis and hepatocellular carcinomas in ferrets which can be
attenuated by lycopene supplementation. Int. J. Cancer 139 (5), 1171-1181.
doi: 10.1002/ijc.30161

Bhatia, N., Gupta, P., Singh, B., and Koul, A. (2015). Lycopene enriched tomato
extract inhibits hypoxia, angiogenesis, and metastatic markers in early stage N-
Nitrosodiethylamine induced hepatocellular carcinoma. Nutt. Cancer 67 (8),
1268-1275. doi: 10.1080/01635581.2015.1087040

Bhatia, N., Singh, B., and Koul, A. (2018). Lycopene treatment stalls the onset of
experimentally induced hepatocellular carcinoma: a radioisotopic,
physiological and biochemical analysis. J. Hepatoma Res. 4 (9), 1-16. doi:
10.20517/2394-5079.2018.04

Bray, F., Ferlay, J., Soerjomataram, I, Siegel, R. L., Torre, L. A, and Jemal, A.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA: Cancer J. Clin. 68 (6),
394-424. doi: 10.3322/caac.21492

Egger, M., Davey Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-
analysis detected by a simple, graphical test. Bmj 315 (7109), 629-634.
doi: 10.1136/bmj.315.7109.629

Fan, Y., Mao, R, and Yang, J. (2013). NF-kB and STAT3 signaling pathways
collaboratively link inflammation to cancer. Protein Cell. 4 (3), 176-185.
doi: 10.1007/s13238-013-2084-3

Gupta, P., Bansal, M. P, and Koul, A. (2013a). Evaluating the effect of lycopene
from Lycopersicum esculentum on apoptosis during NDEA induced
hepatocarcinogenesis. Biochem. Biophys. Res. Commun. 434 (3), 479-485.
doi: 10.1016/.bbrc.2013.03.099

Gupta, P., Bansal, M. P., and Koul, A. (2013b). Lycopene modulates initiation of
N-nitrosodiethylamine induced hepatocarcinogenesis: studies on
chromosomal abnormalities, membrane fluidity and antioxidant defense
system. Chem. Biol. Interact. 206 (2), 364-374. doi: 10.1016/j.cbi.2013.10.010

Gupta, P., Bansal, M. P., and Koul, A. (2013c). Spectroscopic characterization of
lycopene extract from lycopersicum esculentum (tomato) and its evaluation as
a chemopreventive agent against experimental hepatocarcinogenesis in mice.
Phytother. Res. 27 (3), 448-456. doi: 10.1002/ptr.4741

Gupta, P., Bhatia, N., Bansal, M. P., and Koul, A. (2016). Lycopene modulates
cellular proliferation, glycolysis and hepatic ultrastructure during
hepatocellular carcinoma. World J. Hepatol. 8 (29), 1222-1233. doi: 10.4254/
wijh.v8.i29.1222

He, G., and Karin, M. (2011). NF-xB and STAT3 - key players in liver
inflammation and cancer. Cell Res. 21 (1), 159-168. doi: 10.1038/cr.2010.183

Huang, C. S, Liao, ]. W., and Hu, M. L. (2008). Lycopene inhibits experimental
metastasis of human hepatoma SK-Hep-1 cells in athymic nude mice. J. Nutr.
138 (3), 538-543. doi: 10.1093/jn/138.3.538

Tlahy, R,, Tlili, I, Siddiqui, M. W., Hdider, C., and Lenucci, M. S. (2019). Inside and
Beyond Color: Comparative Overview of Functional Quality of Tomato and
Watermelon Fruits. Front. Plant Sci. 10:769. doi: 10.3389/fpls.2019.00769

Ip, B. C., and Wang, X.-D. (2013). Non-alcoholic steatohepatitis and
hepatocellular carcinoma: implications for lycopene intervention. Nutrients 6
(1), 124-162. doi: 10.3390/nu6010124

Ip, B. C,, Hu, K. Q,, Liu, C., Smith, D. E., Obin, M. S., Ausman, L. M., et al. (2013).
Lycopene metabolite, apo-10'-lycopenoic acid, inhibits diethylnitrosamine-
initiated, high fat diet-promoted hepatic inflammation and tumorigenesis in
mice. Cancer Prev. Res. (Phila) 6 (12), 1304-1316. doi: 10.1158/1940-
6207.CAPR-13-0178

Ip, B. C,, Liu, C., Ausman, L. M., Von Lintig, J., and Wang, X. D. (2014). Lycopene
attenuated hepatic tumorigenesis via differential mechanisms depending on
carotenoid cleavage enzyme in mice. Chest 146 (6), 1219-1227. doi: 10.1158/
1940-6207.CAPR-14-0154

Jeong, Y., Lim, J. W., and Kim, H. (2019). Lycopene inhibits reactive oxygen
species-mediated NF-kB signaling and induces apoptosis in pancreatic cancer
cells. Nutrients 11 (4), 762. doi: 10.3390/nu11040762

Jhou, B.-Y., Song, T.-Y., Lee, I, Hu, M.-L,, and Yang, N.-C. (2017). Lycopene
Inhibits Metastasis of Human Liver Adenocarcinoma SK-Hep-1 Cells by
Downregulation of NADPH Oxidase 4 Protein Expression. J. Agric. Food
Chem. 65 (32), 6893-6903. doi: 10.1021/acs.jafc.7b03036

Kirstein, M. M., and Wirth, T. C. (2020). Multimodal treatment of hepatocellular
carcinoma. Internist (Berl) 61 (2), 164-169. doi: 10.1007/s00108-019-00722-x

Lurje, L, Czigany, Z., Bednarsch, J., Roderburg, C., Isfort, P., Neumann, U. P.,
et al. (2019). Treatment Strategies for Hepatocellular Carcinoma-a
Multidisciplinary Approach. Int. J. Mol. Sci. 20 (6), 1465. doi: 10.3390/
ijms20061465

Macleod, M. R., O’Collins, T., Howells, D. W., and Donnan, G. A. (2004). Pooling
of animal experimental data reveals influence of study design and publication
bias. Stroke 35 (5), 1203-1208. doi: 10.1161/01.S5tr.0000125719.25853.20

Mein, J. R, Lian, F,, and Wang, X.-D. (2008). Biological activity of lycopene
metabolites: implications for cancer prevention. Nutr. Rev. 66 (12), 667-683.
doi: 10.1111/j.1753-4887.2008.00120.x

Mobher, D., Liberati, A., Tetzlaff, J., and Altman, D. G. (2009). Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Ann.
Intern. Med. 151 (4), 264-269, w264. doi: 10.7326/0003-4819-151-4-
200908180-00135

Sahin, K., Orhan, C., Tuzcu, M., Sahin, N., Ali, S., Bahcecioglu, I. H,, et al.
(2014). Orally administered lycopene attenuates diethylnitrosamine-
induced hepatocarcinogenesis in rats by modulating Nrf-2/HO-1 and
Akt/mTOR pathways. Nutr. Cancer 66 (4), 590-598. doi: 10.1080/
01635581.2014.894092

Stice, C. P., Liu, C., Aizawa, K., Greenberg, A. S., Ausman, L. M., and Wang, X. D.
(2015). Dietary tomato powder inhibits alcohol-induced hepatic injury by
suppressing cytochrome p450 2E1 induction in rodent models. Arch. Biochem.
Biophys. 572, 81-88. doi: 10.1016/j.abb.2015.01.004

Stice, C. P., Xia, H., and Wang, X.-D. (2018). Tomato lycopene prevention of
alcoholic fatty liver disease and hepatocellular carcinoma development.
Chronic Dis. Transl. Med. 4 (4), 211-224. doi: 10.1016/j.cdtm.2018.11.001

Takahashi, Y., Hara, Y., Imanaka, M., Wanibuchi, H., Tanaka, K., Ishikawa, T.,
et al. (2010). No inhibitory effects of (-)-epigallocatechin gallate and lycopene
on spontaneous hepatotumorigenesis in C3H/HeN mice. Fukushima J. Med.
Sci. 56 (1), 17-27. doi: 10.5387/fms.56.17

Takeshima, M., Ono, M., Higuchi, T., Chen, C., Hara, T., and Nakano, S. (2014).
Anti-proliferative and apoptosis-inducing activity of lycopene against three
subtypes of human breast cancer cell lines. Cancer Sci. 105 (3), 252-257.
doi: 10.1111/cas.12349

Teodoro, A. J., Oliveira, F. L., Martins, N. B., Maia, G. D. A., Martucci, R. B., and
Borojevic, R. (2012). Effect of lycopene on cell viability and cell cycle
progression in human cancer cell lines. Cancer Cell Int. 12 (1), 36-36.
doi: 10.1186/1475-2867-12-36

Thomas, C. E, Luu, H. N,, Wang, R, Adams-Haduch, J.,, Jin, A., Koh, W.-P,, et al.
(2020). Association between dietary tomato intake and the risk of hepatocellular
carcinoma: the Singapore Chinese Health Study. Cancer Epidemiol. Biomarkers
Prev. 29 (9), cebp.0051.2020. doi: 10.1158/1055-9965.EPI-20-0051

Todoric, J., Antonucci, L., and Karin, M. (2016). Targeting Inflammation in
Cancer Prevention and Therapy. Cancer Prev. Res. (Philadelphia Pa) 9 (12),
895-905. doi: 10.1158/1940-6207.CAPR-16-0209

Toledo, L. P., Ong, T. P, Pinho, A. L,, Jordao, A. Jr., Vanucchi, H., and Moreno, F.
S. (2003). Inhibitory effects of lutein and lycopene on placental glutathione S-
transferase-positive preneoplastic lesions and DNA strand breakage induced in
Wistar rats by the resistant hepatocyte model of hepatocarcinogenesis. Nutr.
Cancer 47 (1), 62-69. doi: 10.1207/s15327914nc4701_8

Venderell, 1., Macedo, D., Alho, L., Dionisio, M. R,, and Costa, L. (2015). Treatment
of Cancer Pain by Targeting Cytokines. Mediat. Inflamm. 2015, 984570
984570. doi: 10.1155/2015/984570

Vogel, A., and Saborowski, A. (2020). Current strategies for the treatment of
intermediate and advanced hepatocellular carcinoma. Cancer Treat. Rev. 82,
101946. doi: 10.1016/j.ctrv.2019.101946

Wang, Y., Ausman, L. M., Greenberg, A. S., Russell, R. M., and Wang, X. D. (2010).
Dietary lycopene and tomato extract supplementations inhibit nonalcoholic
steatohepatitis-promoted hepatocarcinogenesis in rats. Int. J. Cancer 126 (8),
1788-1796. doi: 10.1002/ijc.24689

Watanabe, S., Kitade, Y., Masaki, T., Nishioka, M., Satoh, K., and Nishino,
H. (2001). Effects of lycopene and Sho-saiko-to on hepatocarcinogenesis
in a rat model of spontaneous liver cancer. Nutr. Cancer 39 (1), 96-101.
doi: 10.1207/815327914nc391_13

Yang, C. M., Hu, T. Y., and Hu, M. L. (2012). Antimetastatic effects and
mechanisms of apo-8-lycopenal, an enzymatic metabolite of lycopene,

Frontiers in Pharmacology | www.frontiersin.org

August 2020 | Volume 11 | Article 1306


https://doi.org/10.1002/ijc.30161
https://doi.org/10.1080/01635581.2015.1087040
https://doi.org/10.20517/2394-5079.2018.04
https://doi.org/10.3322/caac.21492
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1007/s13238-013-2084-3
https://doi.org/10.1016/j.bbrc.2013.03.099
https://doi.org/10.1016/j.cbi.2013.10.010
https://doi.org/10.1002/ptr.4741
https://doi.org/10.4254/wjh.v8.i29.1222
https://doi.org/10.4254/wjh.v8.i29.1222
https://doi.org/10.1038/cr.2010.183
https://doi.org/10.1093/jn/138.3.538
https://doi.org/10.3389/fpls.2019.00769
https://doi.org/10.3390/nu6010124
https://doi.org/10.1158/1940-6207.CAPR-13-0178
https://doi.org/10.1158/1940-6207.CAPR-13-0178
https://doi.org/10.1158/1940-6207.CAPR-14-0154
https://doi.org/10.1158/1940-6207.CAPR-14-0154
https://doi.org/10.3390/nu11040762
https://doi.org/10.1021/acs.jafc.7b03036
https://doi.org/10.1007/s00108-019-00722-x
https://doi.org/10.3390/ijms20061465
https://doi.org/10.3390/ijms20061465
https://doi.org/10.1161/01.Str.0000125719.25853.20
https://doi.org/10.1111/j.1753-4887.2008.00120.x
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1080/01635581.2014.894092
https://doi.org/10.1080/01635581.2014.894092
https://doi.org/10.1016/j.abb.2015.01.004
https://doi.org/10.1016/j.cdtm.2018.11.001
https://doi.org/10.5387/fms.56.17
https://doi.org/10.1111/cas.12349
https://doi.org/10.1186/1475-2867-12-36
https://doi.org/10.1158/1055-9965.EPI-20-0051
https://doi.org/10.1158/1940-6207.CAPR-16-0209
https://doi.org/10.1207/s15327914nc4701_8
https://doi.org/10.1155/2015/984570
https://doi.org/10.1016/j.ctrv.2019.101946
https://doi.org/10.1002/ijc.24689
https://doi.org/10.1207/S15327914nc391_13
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

Mekuria et al.

Anti-Cancer Effects of Lycopene

against human hepatocarcinoma SK-Hep-1 cells. Nutr. Cancer 64 (2), 274-285.
doi: 10.1080/01635581.2012.643273

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Mekuria, Tura, Hagos, Sisay, Abdela, Mishore and Motbaynor.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

August 2020 | Volume 11 | Article 1306


https://doi.org/10.1080/01635581.2012.643273
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Anti-Cancer Effects of Lycopene in Animal Models of Hepatocellular Carcinoma: A Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Study Protocol
	Data Sources and Search Strategy
	Study Selection and Inclusion Criteria
	Data Extraction and Quality Assessment
	Data Processing and Statistical Analysis

	Results
	Study Selection
	Study Characteristics
	Meta-Analysis
	Tumor Incidence
	Tumor Number
	Tumor Growth

	Publication Bias

	Discussion
	Conclusion
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


