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Abstract 

Background: There are several effective therapies for osteoporosis but these agents might cause serious adverse 

events. Lycopene intake could prevent bone loss, however studies on its effects on bone are scarce. Our aim was to 

investigate the effects of lycopene on osteoblast cells as well as bone mineral density and bone turnover markers in 

postmenopausal women.

Methods: We investigated the effect of lycopene on the Wnt/β-catenin and ERK 1/2 pathways, RUNX2, alkaline 

phosphatase, RANKL and COL1A of Saos-2. We also carried out a pilot controlled clinical study to verify the feasibility 

of an approach for bone loss prevention through the intake of a lycopene-rich tomato sauce in 39 postmenopausal 

women.

Results: Lycopene 10 µM resulted in higher β-catenin and phERK1/2 protein Vs the vehicle (p = 0.04 and p = 0.006). 

RUNX2 and COL1A mRNA was induced by both 5 and 10 µM doses (p = 0.03; p = 0.03 and p = 0.03; p = 0.05) while 

RANKL mRNA was reduced (p < 0.05). A significant bone density loss was not detected in women taking the tomato 

sauce while the control group had bone loss (p = 0.002). Tomato sauce intake resulted in a greater bone alkaline 

phosphatase reduction than the control (18% vs 8.5%, p = 0.03).

Conclusions: Lycopene activates the WNT/β-catenin and ERK1/2 pathways, upregulates RUNX2, alkaline phos-

phatase, COL1A and downregulates RANKL Saos-2. These processes contributed to prevent bone loss in postmeno-

pausal women.
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Introduction
Osteoporosis (OP) is a chronic metabolic disease char-

acterized by a low bone mineral density (BMD) and a 

deterioration in the microarchitecture of the bone which 

leads to an increased bone fragility and, consequently, 

fracture [1]. OP is the most common chronic metabolic 

bone disease affecting hundreds of millions of people 

worldwide [2]. Despite the current pharmacological 

agents used to treat OP which are effective in increas-

ing BMD and lowering the risk of fractures, currently 

less than 20% of patients with a fragility fracture receive 

therapy to reduce the high risk of fracture [3]. In Europe, 

treatment uptake for osteoporosis has fallen in recent 

years, and approximately, 60% of women at high risk do 

not receive therapy [3].

�is decline has, at least in part, been attributable to 

concerns about the safety of the anti-osteoporotic agents 

[3]. Irritation of the upper gastrointestinal mucosa, 
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atypical fractures and osteonecrosis of the jaw have been 

reported with antiresorptive agents, venous thromboem-

bolism has been associated with hormone replacement 

therapy and hypersensitivity drug reactions and cancer 

are linked to bone-forming agents [4–7].

New therapeutic strategies devoid of any serious 

adverse effects are therefore needed to safely treat osteo-

porotic patients. Several lines of evidence show that 

nutraceutical compounds can prevent bone loss, which 

has recently led to their increased prophylactic use, espe-

cially in postmenopausal women [8, 9].

Among these, carotenoids play an important role in 

the regulation of bone metabolism [10]. Carotenoids are 

mentioned mostly in relation to their antioxidant proper-

ties [11]. �e conjugated double-bond chain determines 

their biological functions which includes a scavenger 

activity on free radicals [12]. A European investigation, 

demonstrated that a higher dietary intake of carotenoids 

improves BMD and reduces the osteoporotic fracture 

risk [10].

Among carotenoids, lycopene is reported to have one 

of the highest antioxidant capacities [13]. It has been 

reported that dietary lycopene as well as its supplemen-

tation, could be of benefit against the development of 

numerous chronic diseases including cancer and heart 

diseases [14, 15]. However, there is a scarcity of in vitro 

studies investigating the effects of lycopene on bone cells. 

Moreover, clinical studies investigating the role of lyco-

pene-rich foods in preventing bone loss are lacking.

Considering the abundance of lycopene in the human 

food supply along with its superior antioxidant function, 

and the potential adverse events as well as the high cost 

of the pharmacological agents to treat osteoporosis, fur-

ther studies are justified to establish the role of lycopene 

in bone loss protection.

In our study we thus investigated the direct effects of 

lycopene on osteoblast function. As suggested by pre-

vious studies on other areas of health [16–18], here we 

examined its ability in modulating Wnt/β-catenin and 

ERK 1/2 signaling in osteoblast-like cells, as well as its 

effects on differentiation and osteoclastogenesis. We also 

carried out a pilot prospective clinical study to verify the 

feasibility of a new therapeutic approach for bone loss 

prevention through a lycopene-rich tomato sauce intake 

in a group of postmenopausal women.

Materials and methods
Cell culture

�e human osteoblast-like cell line Saos-2 was obtained 

from American Type Culture Collection ATCC (Italy 

Office, via Venezia 23, 20,099 Sesto San Giovanni, Milan, 

Italy). �e cells were maintained in McCoy’s 5A (Gibco, 

Carlsbad, CA, USA) supplemented with 15% fetal bovine 

serum (Gibco, Carlsbad, CA, USA) and 1% penicillin 

streptomycin (PAA, Linz, Austria), at 37  °C in 5%  CO2, 

then harvested by trypsinization and subcultured twice 

weekly. In all the experiments Saos-2 cells were incu-

bated with dexamethasone 10  nM (Sigma Aldrich, St. 

Louis, MO, USA) to obtain a more differentiated cell line.

Cell proliferation

For the evaluation of cell proliferation, Saos-2 cells were 

seeded at a density of 200,000 cells/well in 6-well dishes. 

Cells were incubated with lycopene ≥ 98%, from tomato 

(Sigma Aldrich, St. Louis MO, USA), 5 and 10 µM or 

vehicle Tetrahydrofuran, THF (Sigma Aldrich, St. Louis 

MO, USA) in serum free medium for 24 h.

Western blotting

Saos-2 cells were seeded at a density of 200,000 cells/well 

in 6-well dishes, and 500,000 cells/well in 100  mm cul-

ture dishes. Cells were grown in serum-free medium and 

incubated with lycopene 5 and 10 µM or vehicle (THF) 

for 10 min or 24 h.

Cells were lysed in Mammalian Protein Extraction Rea-

gent (M-PER) (Pierce, �ermo Fisher Scientific). Western 

blot analysis was performed according to standard pro-

cedures. �e following antibodies were used: rabbit anti 

β-catenin (19,807), rabbit anti-Runt-related transcription 

factor 2 (RUNX2) (12,556), rabbit anti-p Extracellular 

Signal-regulated Kinase (ERK)1/2 (9101) and mouse anti- 

β-actin (3700), from Cell Signaling Technology (Bev-

erly, MA, USA); rabbit anti-type IA collagen (COL1A) 

(HPA011795) from Sigma Aldrich (St. Louis, MO, USA); 

mouse anti-receptor activator of nuclear factor κ-B 

ligand (RANKL) (sc-377,079) from Santa Cruz Biotech-

nology (USA); rabbit anti-OPG and mouse anti-Alkaline 

phosphatase (ALP), from Abcam (Cambridge).

Real time-PCR

Saos-2 cells were seeded at a density of 1000,000 cells/

well in 100  mm culture dishes. Cells were grown in 

serum-free medium and incubated with lycopene 5 and 

10 µM or vehicle (THF) for 24  h. Total RNA from cells 

were extracted with Trizol reagent (Life technologies, 

UK) according to manufacturer’s instructions. cDNA was 

synthesized from 1  µg total RNA, using High-Capacity 

cDNA Reverse Transcription Kit (Applied Biosystems, 

Foster City, CA, USA). mRNA expression of RANKL, 

osteoprotegerin, RUNX2, COL1A, β-CATENIN and 

β-ACTIN were quantified by real time-PCR using  SYBR® 

Green dye  (SYBR® Green PCR Master Mix, Applied Bio-

systems, Foster City, CA, USA) (see Additional file  1: 

Table S1).
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ALP Activity

Saos-2 cells were seeded at a density of 200,000 cells/

well in 6-well dishes. Cells were incubated with lyco-

pene 5 and 10 µM or vehicle (THF) in serum free 

medium for 24  h. Cells were lysed with Mammalian 

Protein Extraction Reagent (M-PER) (Pierce, �ermo 

Fisher Scientific). Protein concentration was deter-

mined using Bradford assay, and ALP activity was 

determined by p-nitrophenyl phosphate (pNPP) col-

orimetric method (WAKO Chemicals USA, Richmond, 

VA, USA).

Human study design

A convenience sample of 39 consecutive postmenopau-

sal patients attending the outpatient clinic of the “Mater 

Domini” Azienda University Hospital in Catanzaro, 

Italy, were enrolled for this study to receive 150 ml/day 

of a tomato sauce (provided by C.G. Food, SRL, Sover-

ato, Italy) for 3 months (enrolment period between May 

21, 2015 and July 28, 2015). A sample of 39 age-, BMI-

matched postmenopausal women not taking this tomato 

sauce served as control group. For this pilot study, the 

tomato sauce was the same of the study listed on the 

ISRCTN registry (study ID ISRCTN13244115; requested 

patent). Written Informed consent was obtained from all 

individual participants included in the study. �e proto-

col was approved by the local ethical committee at the 

“Mater Domini” Azienda University Hospital (117/2015/

CE, approved May 14, 2015). �e investigation conforms 

to the principles outlined in the declaration of Helsinki.

In this study we included postmenopausal women in 

which postmenopausal status was defined as the pres-

ence of a serum follicle-stimulating hormone (FSH) level 

of over 40 IU/l (if available) or no natural menses for at 

least 1  year. �e exclusion criteria were as follows: use 

of anti‐osteoporotic agents, hypercalcemia, cancer and 

all the clinical conditions or medications affecting bone 

metabolism (such as kidney, liver, thyroid and rheumatic 

diseases, malabsorption syndromes, haematological 

diseases, use of glucocorticoids, aromatase inhibitors, 

thyroid hormone replacement, and antiepileptics).  If 

participants took calcium and/or vitamin D supplemen-

tation at the time of enrolment, they continued on the 

same dose throughout the duration of the study.

Patients’ age, BMI (kg/m2; dry weight in meters 

squared), waist and hip circumferences (WC and HC), 

systemic blood pressure, transaminases, glucose, creati-

nine, high sensitivity C-reactive protein (CRP), bone-spe-

cific alkaline phosphatase (BAP), cross-linked C-terminal 

telopeptide of type I collagen (s-CTx) in the serum, as 

well as the presence of diabetes mellitus, renal disease, 

hyperlipidemia, hypertension, were recorded at baseline.

Quantitative ultrasound (QUS) was used to measure 

the speed of sound (metres per second) and broadband 

ultrasound attenuation (BUA) (decibels per megaHertz) 

of the heel  (SaharaTM Clinical Bone Sonometer, Techno-

logic Srl—Hologic, Italia). In cases of a previous fracture 

within the lower extremity, only the opposite calcaneus 

was measured. T-score was derived from the value of 

BUA and expressed as the number of SDs from the mean 

value of a control gender-matched population [19]. �e 

T-scores are reported as the number of standard devia-

tions below the young adult mean (normal, > −1; osteo-

paenia, − 1 to − 2.49; osteoporosis, ≤ −2.5) [19]. �e 

coefficient of variation (CV  %) was 2% for BUA. Calca-

neus BMD, T-score, BAP and s-CTx were measured at 

baseline and 12 weeks.

Clinical outcomes

Primary outcomes were: 1. Change in BMD, which was 

assessed by QUS on individuals’ right calcaneus [20]; 

2. Change in key bone turnover markers such as serum 

BAP and s-CTx.

Participants biochemical evaluation and lycopene content 

analysis

Venous blood was collected after fasting overnight into 

vacutainer tubes (Becton & Dickinson, Plymouth, Eng-

land) and centrifuged within 4  h. Serum glucose, total 

cholesterol, high density lipoprotein (HDL)-choles-

terol, triglycerides, creatinine, CRP and transaminases 

were measured by chemiluminescent immunoassay on 

COBAS 8000 (Roche, Switzerland), according to the 

manufacturer’s instructions. LDL- C level was calculated 

by the Friedewald formula.

BAP and s-CTx were measured by chemiluminescent 

immunoassay on  Liaison® XL (DiaSorin, Italy), according 

to the manufacturer’s instructions. Quality control was 

assessed daily for all determinations.

Participants in the intervention group received a 

tomato sauce from tomatoes ripened on-the-vine, which 

are particularly mature and rich in lycopene. Lycopene 

concentration in the tomato sauce was assessed by high-

performance liquid chromatography (UltiMate 3000 

Standard HPLC System, �ermo Fisher Scientific, Italy) 

[21]. Lycopene (all  trans-isomeric forms) content was 

1.3 mg/50 g of tomato sauce.

Statistics

Data are reported as mean ± standard deviation.

In relation to the in  vitro study, data resulted from a 

mean of at least three independent experiments, and 

were analyzed with GraphPad Prism 5.0 software using a 

two-tailed Student’s t test.
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For the human study, a Chi square test was per-

formed to analyze the prevalence between groups 

and an independent unpaired samples t test was used 

to compare the difference between means. Specifi-

cally, we calculated the changes in variables (such as 

T-score, BMD, BAP. S-CTx) and compared the means 

of these changes between treatment groups. Changes 

in the clinical characteristics from baseline to follow-

up (within group variation) were calculated using 

paired Student’s t test (two tailed). �e General Linear 

Model was used to adjust the BMD and BAP change for 

potential confounders (such as calcium and vitamin D 

supplementations).

We used a patient interviews to assess adherence to 

the treatment. All comparisons were performed using 

SPSS 22.0 for Windows (IBM Corporation, New York, 

NY, USA). In both the studies significant differences 

were assumed to be present at p< 0.05 (two-tailed).

Results
Lycopene does not a�ect osteoblast proliferation in vitro

To test the hypothesis that lycopene increases osteoblast 

proliferation, Saos-2 cells were incubated with lycopene 

5 and 10 µM or vehicle for 24 h. �en proliferation was 

determined by counting the cells number. �ere were 

no differences between all doses of lycopene (Additional 

file 1: Figure S1a).

Lycopene increases β-catenin protein expression levels, 

but does not in�uence mRNA levels on Saos-2 cells

To test the effect of lycopene on β-catenin pathway, 

Saos-2 cells were incubated with lycopene for 24  h at 

different doses. As shown in Fig.  1a, lycopene does not 

affect the mRNA expression levels of β-catenin at all 

doses. However, exposure of Saos-2 cells to lycopene 

10 µM, resulted in higher active β-catenin protein expres-

sion than the vehicle 10 µM (p = 0.04; Fig. 1b).

Fig. 1 Lycopene increases β-catenin, phErk and RUNX2 protein expression levels on Saos-2 cells. Semi-confluent cultures of human osteoblast-like 

cells (Saos-2) were incubated with lycopene 5 and 10 μM or vehicle THF in serum free medium for 24 h. mRNA expression levels of β-catenin (a) and 

RUNX2 (d) were measured by RT-Pcr. Data were analyzed using the 2-∆∆Cq method and normalized to β-actin. β-catenin and phERK1/2 protein 

expression is showed in panel b and c. b β-catenin and β-actin proteins were analyzed by Western blotting with specific antibodie. c PhERK1/2 and 

β-actin proteins were analyzed by Western blotting with specific antibodie. Data are represented as mean ± SD. Statistical analysis: Student’s t-test 

vs THF 10 μM *p < 0.05. THF tetrahydrofuran, RUNX2 Runt-related transcription factor 2
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Lycopene induces phERK1/2 protein expression level 

on Saos-2

Saos-2 cells were incubated with lycopene 5 and 10 µM 

or vehicle for 10 min. Lycopene incubation at the dose of 

10 µM resulted in higher phERK1/2 protein expression 

levels than the respective vehicle (p = 0.006; Fig. 1c).

Lycopene increases mRNA expression levels of RUNX2 

as well as of the COL1A, and decreases RANKL mRNA 

expression levels on Saos-2

Saos-2 cells were exposed to lycopene at 5 and 10 µM 

doses or vehicle at the same concentration. RUNX2 

mRNA expression level was significantly induced by 

both 5 and 10 µM doses in comparison to their respec-

tive vehicles (p = 0.03 and p = 0.03, respectively; Fig. 1d). 

�e incubation of Saos-2 cells with both 5 and 10 µM 

doses resulted in lower RANKL mRNA expression levels 

than their respective vehicles (p = 0.0207 and p = 0.0145, 

respectively; Fig. 2a).

As shown in Fig. 2b, exposure to lycopene 5 and 10 µM 

resulted in higher COL1A mRNA levels in comparison 

with their respective vehicles (p = 0.0379 and p = 0.050, 

respectively). Lycopene did not affect Osteoprotegerin 

mRNA expression (Additional file 1: Figure S1b).

Lycopene induces higher mRNA and protein expression 

of ALP and increases its enzymatic activity on Saos-2 cells

To test the hypothesis that lycopene acts on bone bio-

marker ALP, Saos-2 cells were incubated with lycopene 

5 and 10 µM or their respective vehicles for 24  h. �e 

exposure to 10 µM dose resulted in higher mRNA and 

protein ALP expression levels than the vehicle (p = 0.04 

and p = 0.01 respectively; Fig.  3a, b). �e ALP activity 

was significantly increased with lycopene 5 and 10 µM 

in comparison to their vehicles (p < 0.001 and p = 0.02, 

respectively, Fig. 3c).

Clinical characteristics of participants in the pilot study

�e mean age of the enrolled population was 63 ± 7 years. 

�e mean basal BMD was 0.40 ± 0.08  g/cm2 and mean 

T-score was −1.65 ± 0.77 SD (osteopenia). Additional 

file 1: Table S1 shows the clinical characteristics of par-

ticipants according to treatment. �e groups were com-

parable for all of the characteristics.

Clinical characteristics changes at follow-up and outcomes 

of the study

Changes in the clinical parameters after each treatment 

period are shown in Table 1.

�e adjusted BMD change was 0.005 ± 0.006 and 

−0.028 ± 0.006  g/cm2 in the tomato sauce and the con-

trol group, respectively (p = 0.001) and the adjusted 

BAP change was −3.69 ± 0.6 and −1.79 ± 0.6 ug/L in 

the tomato sauce and the control group, respectively 

(p = 0.040; Table  1). Tomato sauce resulted in a greater 

BAP reduction than in the control group (18% vs 8.5%, 

p = 0.03; Table  1). �e BMD percent change, after 

12  weeks, was 0.08% with Tomato sauce and −5.3% in 

the control group (p = 0.009, Table 1). No other variables 

were significantly different between groups at follow-up 

visit, except, as expected, T-score (Table 1). �e partici-

pants in the tomato sauce group had a high adherence to 

the protocol (i.e.; > 80% of the prescribed treatment).

A significant loss of BMD was not detected in the 

participants consuming the tomato sauce in compari-

son to their baseline (0.393 ± 0.07 to 0.393 ± 0.08 g/cm2; 

p = 0.97, Fig.  4b), while women who did not consume 

the tomato sauce experienced BMD reduction compared 

to the their baseline (0.406 ± 0.09 to 0.382 ± 0.08 g/cm2; 

Fig. 2 Lycopene decreases RANKL mRNA expression levels and increases COL1A mRNA levels on Saos-2 cells Semi-confluent cultures of human 

osteoblast-like cells (Saos-2) were incubated with lycopene 5 and 10 µM or vehicle THF in serum free medium for 24 h. mRNA expression levels of 

RANKL (a) and COL1A (b) were measured by RT-Pcr. Data were analyzed using the 2-∆∆Cq method and normalized to β-actin. Data are represented 

as mean ± SD. Statistical analysis: Student’s t-test vs THF 5 and 10 µM respectively, *p < 0.05. THF tetrahydrofuran, RANKL receptor activator of nuclear 

factor-kB ligand, COL1A type 1A collagen
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p = 0.002; Fig. 4b). T-score had a similar reduction in the 

two groups (Fig. 4a). A significant reduction of BAP was 

detected in both the groups in comparison to the baseline 

(in the Tomato sauce group, from 18.1 ± 7.0 to 14.6 ± 5.9 

ug/L; p < 0.001; in the control group, from 19.2 ± 6.9 to 

17.2 ± 6.7 ug/L; p = 0.003; Fig.  4c). A subgroup analysis 

of patients with fractures highlighted the efficacy of the 

tomato sauce in preventing BMD reduction and reducing 

BAP (Fig. 4d–f).

Discussion
In our study, we examined the in vitro effects of lycopene 

(≥ 98%, from tomato) on the osteoblast metabolism. We 

demonstrated that lycopene exposure influences osteo-

blast-like cell Saos-2 function in several ways:

• It activates two key cellular pathways such as ERK 

1/2 and WNT/β-catenin;

• It upregulates RUNX2 mRNA levels;

• Lycopene increases mRNA, protein and activity lev-

els of ALP; while downregulates RANKL;

• It upregulates COL1A mRNA.

�e pilot clinical study demonstrated that postmeno-

pausal women that consumed a lycopene-rich tomato 

sauce daily, from tomatoes ripened on-the-vine at a dose 

of 150 mg, prevent bone loss in a 3 month period, while 

those who did not consume the tomato sauce reduced 

their BMD. In addition, those women who consumed the 

Fig. 3 Lycopene increases mRNA, protein and activity of Alkaline 

Phosphatase on Saos-2 cells Semi-confluent cultures of human 

osteoblast-like cells (Saos-2) were incubated with lycopene 5 and 

10 µM or vehicle THF in serum free medium for 24 h. a mRNA 

expression levels of alkaline phosphatase were measured by RT-Pcr. 

Data were analyzed using the 2-∆∆Cq method and normalized to 

β-actin. b Cell proteins were analyzed by Western blotting with 

antibodies specific to alkaline phosphatase and β-actin. c ALP activity 

was measured by pNPP method. Data are represented as mean ± SD. 

Statistical analysis: Student’s t-test vs THF 5 and 10 µM respectively, 

*p < 0.05; ***p < 0.001. THF tetrahydrofuran

Table 1 Changes of  the  characteristics of  participants 

at follow-up according to intervention

BMI body mass index, BMD bone mineral density, S-CTx serum carboxyterminal 

crosslinked telopeptide of type I collagen, BAP bone alkaline phosphatase, CRP 

C-reactive protein

a Adjusted for calcium and vitamin D supplementation

Variables Without tomato 
sauce
(n = 39)

With tomato 
sauce
(n = 39)

P-value

BMI (Kg/m2) − 0.31 ± 0.67 − 0.20 ± 0.72 0.49

T-score (SD) − 0.15 ± 0.3 0.00 ± 0.2 0.05

BMD (g/cm2) − 0.02 ± 0.04 0.00 ± 0.03 0.006

BMD (g/cm2)a − 0.028 ± 0.006 0.005 ± 0.0006 0.001

BMD (%) − 5.3 ± 10 0.08 ± 7 0.009

Glucose (mg/dL) − 0.74 ± 6 − 3.05 ± 7 0.15

Creatinine (mg/dL) − 0.02 ± 0.07 0.00 ± 0.08 0.23

CRP(mg/L) − 0.65 ± 3 0.01 ± 0.6 0.32

S-CTX (ng/mL) − 0.003 ± 0.13 − 0.001 ± 0.12 0.95

BAP (µg/L) − 1.95 ± 3 − 3.53 ± 3 0.05

BAP (µg/L)a − 1.79 ± 0.6 − 3.69 ± 0.6 0.04

BAP (%) − 8.5 ± 21 − 18 ± 17 0.03
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tomato sauce reduced their BAP to a greater extent than 

those women who did not consume the tomato sauce.

It is known that carotenoid intake is associated with 

a lower risk of osteoporosis [10]. However, to date, the 

effects of lycopene on the bone cell metabolism have 

scarcely been studied. Since the effects of lycopene on 

osteoporosis have not been studied previously in human 

studies, we believe that our results provide new insights.

We found that lycopene did not affect proliferation of 

Saos-2 cells after 24 h (Additional file 1: Figure S1a). Our 

finding differs from that of Kim et  al. [22] who found a 

stimulatory effect of lycopene, however they used a 

microemulsion lycopene preparation at doses that were 

consistently greater than ours. In a previous study car-

ried out in the clonal osteogenic MC3T3-E1 cell line, 

lycopene inhibited cell proliferation at a dose of 1 µM 

and increased alkaline phosphatase activity [23]. We 

speculate that the inhibitory effect of low lycopene lev-

els is interfered by a secondary stimulatory mechanism 

that prevails at high lycopene levels. However, the effect 

of lycopene on osteoblast proliferation needs further 

clarification.

It has been demonstrated that lycopene exerts  anti-

tumor  properties by the WNT/β-catenin pathway [24, 

25]. Since other investigations have suggested that canon-

ical WNT/β-catenin signaling plays a role in controlling 

the osteoblast differentiation via RUNX2 expression [26, 

27], we tested the effect of lycopene on this pathway. In 

line with these previous findings, we confirmed that lyco-

pene acts by the WNT/β-catenin pathway (Fig.  1a, b). 

However, in our study lycopene did not affect β-catenin 

mRNA expression while did affect the protein expression. 

A poor correlation between protein and mRNA levels 

may be consistent with the delayed transport of mRNA 

from the nucleus to cytosol, which could affect cells 

undergoing long-term dynamic processes such as differ-

entiation [28].

In our study, we found that lycopene activates 

phERK1/2 protein expression (Fig.  1c), which is known 

to be involved in differentiation [29]. No previous stud-

ies have shown a similar effect on bone cells. It has been 

reported that retinoids, whose precursors are carot-

enoids, increase phERK1/2 levels, thus regulating chon-

drocyte differentiation and proliferation [30, 31]. One 

study demonstrated that the astaxanthin carotenoid ame-

liorates the osteogenic differentiation of neural stem cells 

by activating phERK [32]. Despite scarce evidences, all 

these previous studies confirm our findings.

In addition, all-trans-retinoic acid has been reported to 

induce the early osteoblastic transcription factor, RUNX2 

expression [33]. Oliveira et al. [34] found an upregulation 

of RUNX2 in lycopene supplemented ovariectomized 

Fig. 4 Changes in bone parameters after 12 weeks Graphical representation of the whole population and of the population with fractures 

after 12 weeks with or without lycopene rich-tomato-souce of the T-Score (a and d respectively); BMD (b and e respectively) and BAP (c and f 

respectively). BMD bone mineral density, BAP bone alkaline phosphatase
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rats. In line with these investigations, we found that 

lycopene, at both doses, increased RUNX2 mRNA lev-

els (Fig.  1d) thus confirming our hypothesis that lyco-

pene influences osteoblast differentiation. RUNX2 is 

crucial for the commitment of mesenchymal stem cells 

to the osteoblast lineage [35]. Interestingly, regulation 

by RUNX2 stimulates cells differentiation at early stages, 

while it inhibits the process at later stages [35]. Since 

alendronate promotes osteoblast differentiation [36], our 

results could have important therapeutic implications.

In our study, we also examined the effect of lycopene 

on the RANKL mRNA expression on Saos-2 cells. Simi-

lar to other carotenoids [37, 38], lycopene downregu-

lates RANKL, and thus could potentially suppress bone 

resorption. �is is the main finding of this study, which 

has important therapeutic implications.

Another important finding is the stimulatory effect 

of lycopene on ALP within 24  h.ALP has become the 

marker of choice when assessing the phenotype or devel-

opmental maturity of mineralized tissue cells [39]. It is 

involved in bone matrix vesicle formation, which ulti-

mately result in the nucleation and propagation of min-

eral crystals [30].We found that lycopene stimulates this 

marker at several levels (Fig.  3). Albeit with a delayed 

effect compared to our findings, other studies have found 

similar results [22, 23, 33]. Our study suggests the role of 

lycopene in structuring the matrix vesicles at the site of 

initial mineral formation [39].

Lastly, we found that lycopene increases COL1A 

mRNA expression (Fig.  2b). COL1A, the main compo-

nent of the bone matrix, plays a key role in transferring 

stress and resisting deformation and fractures [40]. We 

hypothesize that lycopene may promote bone resistance 

and repair by influencing collagen biosynthesis.

In the pilot clinical study, we demonstrated the feasi-

bility of a new therapeutic approach to preventing bone 

loss.  We found that a lycopene-rich tomato sauce pre-

vented BMD loss and significantly reduced BAP concen-

trations by 10% in a 6-week period in postmenopausal 

women (Table 1 and Fig. 4).

At the beginning of anti-resorptive treatment, bone 

resorption rapidly decreases [41]. �e inhibition of new 

basic multicellular units (activation frequency) and a 

decreased differentiation and activity of existing osteo-

clasts, determine the decrease in the bone turnover 

markers [41]. �ese two mechanisms may explain our 

finding. During the anti-resorptive treatments, short-

term decrease in bone formation markers is associated 

with higher long-term increase in BMD [42]. In a study, 

by 12 weeks, BAP had decreased significantly in response 

to both alendronate 10  mg/day and cyclical etidronate 

(of ~ 10% as in our study) [43]. �us, we believe that our 

finding may have important clinical implications.

�e change observed in our study in BAP was in the 

range of those obtained with raloxifene, which is a well-

known antiresorptive agent [44]. In addition, a previous 

investigation demonstrated early changes in calcaneus 

ultrasound and bone markers, confirming the plausibil-

ity of our finding [45]. �ere is a correlation between the 

US transmission velocity and the trabecular bone [46].

We thus believe that this pilot study represents a neces-

sary first step in exploring novel applications for lycopene 

rich-foods in future larger scale studies.

�e ideal intake of tomatoes or tomato derives is cur-

rently unknown. �e content of lycopene may decrease 

according to the storage conditions [47]. �e studies on 

foods in which lycopene is added as an ingredient by the 

food industries have not yet clarify lycopene nutritional 

contribution in terms of availability. In this regard, it 

has been demonstrated a low increase of lycopene in the 

serum after consumption of some lycopene-enriched for-

mulations [48] and that the process of lycopene absorp-

tion is saturable at very low dosing levels [49].  �e 

maintenance of the natural matrix and the addition of a 

small quantity of fat to the final product may result in a 

good strategy to achieve a biological response by lyco-

pene rather than adding lycopene in foods [50].

Our pilot study has some limitations. First, study did 

not include a true control group. Second, due to ethical 

considerations (unnecessary X-ray exposure) and cost-

effective evaluations, we did not perform a dual energy 

X-ray absorptiometry (DXA) evaluation. In this pilot 

study, we assessed the feasibility of some key steps (such 

as recruitment rate, retention levels and eligibility crite-

ria). �e focus in the results of this study should be on 

feasibility, rather than statistical significance, thus, the 

conclusions drawn from this study should be considered 

with caution. �e presence of other factors and dietary 

components which may have influenced the results can-

not be ruled out.

In our study, lycopene increased ALP expression 

and activity in  vitro, while lycopene-rich tomato sauce 

decreased BAP in  vivo. As previous demonstrated [22, 

44, 51], this is not a discrepancy. Moreover, several stud-

ies on the bisphosphonate alendronate showed a BAP 

reduction after therapy and this decrease in BAP was 

associated with long-term increases in BMD [52].

Other limitations need to be considered. In order 

to study bone metabolism and the activity of factors 

involved, various transgenic and knockout rodent models 

have been proposed [53]. A combination of estrogen defi-

ciency plus a calcium wasting diet in skeletally mature 

animals or a mouse model of senile osteoporosis should 

be used [54]. Furthermore, to mimic specific aspects of 

human osteoporosis, some cellular models provide excel-

lent opportunities. In this regard, oxidative stress have 
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been recognized as crucial players in the pathogenesis 

of osteoporosis. Unresolved oxidative stress stimulates 

osteoclast formation and osteocyte apoptosis, and affects 

osteoblast functions [55]. Unfortunately, in this study 

we have not performed experiments with the osteoblast 

pre-exposed to oxidative stress by stimuli such as chemi-

cal, physical agents or environmental factors. Of course, 

in vivo studies should also be performed to confirm our 

findings. However, there is no models exactly miming the 

condition of human osteoporosis. We used a Saos-2 cell 

line, which represent a valuable tool to identify targets 

and test novel drugs for osteoporosis therapy [56]. Saos-2 

cell line exhibit a mature osteoblast phenotype and, 

under different stimuli, express a panel of factors (such 

BAP) as highly similar to primary human osteoblas-

tic cells [57]. Independent of the stimuli, the Saos-2 cell 

line,  thus, is a useful model as a source of bone-related 

molecules.

Conclusions
Our study shows that lycopene may positively affect 

osteoblast metabolism by positively influencing osteo-

blast differentiation and collagen production. In addition, 

lycopene suppresses RANKL expression, thus indicating 

a possible role in blocking bone resorption. Its effect on 

ALP activity also suggests a possible role in the calcifica-

tion process. Further studies are warranted to investigate 

the potential relationship between lycopene and bone 

loss. Clinical studies are especially needed to confirm the 

potential therapeutic action of lycopene on metabolic 

bone diseases.

Supplementary information
Supplementary information accompanies this paper at https ://doi.

org/10.1186/s1296 7-020-02238 -7.

Additional �le 1: Table S1. Real-Time primer sequences. Table S2. Base-

line demographic and clinical characteristics of participants according to 

intervention.

Abbreviations

ERK ½: Extracellular Signal-Regulated Kinase 1/2; RUNX2: Runt-related tran-

scription factor 2; ALP: Alkaline phosphatase; RANKL: Receptor activator of 

nuclear factor κ-B ligand; COL1A: Type 1A Collagen; OP: Osteoporosis; BMD: 

Bone mineral density; THF: Tetrahydrofuran; pNPP: p-nitrophenyl phosphate; 

FSH: Follicle-stimulating hormone; BMI: Body mass index; WC: Waist circumfer-

ence; HC: Hip circumference; BAP: Bone-specific alkaline phosphatase; s-CTx: 

Cross-linked C-terminal telopeptide of type I collagen; QUS: Quantitative 

Ultrasound; BUA: Broadband ultrasound attenuation; DXA: Dual energy X-ray 

absorptiometry.

Acknowledgements

We thanks C.G. Food, SRL, Soverato, Italy for given us the tomato sauce.

Authors’ contributions

TM, AP and SR designed research; CR, SM and YF conducted research; GM, 

RT and RM conducted the lycopene content assay; TM, AP, SR analyzed data; 

TM, CR and RP wrote the paper; CR, SM and YF had primary responsibility for 

integrity of data and final content. EM and MAS performed Ultrasound assess-

ment. RP, SG revised the manuscript content. All authors read and approved 

the final manuscript.

Funding

This study was not funded.

Availability of data and materials

The datasets generated during and/or analysed during the current study are 

available from the corresponding author on reasonable request.

Ethics approval and consent to partecipate

The study protocol was approved by the local ethical committee at the “Mater 

Domini” Azienda University Hospital (117/2015/CE, approved May 14, 2015). 

The investigation conforms to the principles outlined in the declaration of 

Helsinki and we obtained a written consent by each patient enrolled. Written 

Informed consent was obtained from all individual participants included in 

the study.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details
1 Department of Clinical and Experimental Medicine, Nutrition Unit, University 

Magna Grecia, 88100 Catanzaro, Italy. 2 Department of Health Science, 

University Magna Graecia, 88100 Catanzaro, Italy. 3 Department of Medi-

cal and Surgical Science, University Magna Graecia, 88100 Catanzaro, Italy. 
4 Department of Medicine, Clinica Medica 1, University of Padova and Regional 

Centre for Osteoporosis, Padua, Italy. 5 Department of Molecular and Clinical 

Medicine, Sahlgrenska Center for Cardiovascular and Metabolic Research, 

University of Gothenburg, 42246 Göteborg, Sweden. 

Received: 28 November 2019   Accepted: 22 January 2020

References

 1. van Oostwaard M. Osteoporosis and the nature of fragility fracture: an 

overview. In: Hertz K, Santy-Tomlinson J, editors. Fragility fracture nursing: 

holistic care and management of the orthogeriatric patient [Internet]. 

Cham: Springer; 2018. p. 2018.

 2. Reginster JY, Burlet N. Osteoporosis: a still increasing prevalence. Bone. 

2006;38(2 Suppl 1):S4–9.

 3. Kanis JA, Svedbom A, Harvey N, McCloskey EV. The osteoporosis treat-

ment gap. J Bone Miner Res. 2014;29(9):1926–8.

 4. Komm BS, Morgenstern D, Yamamoto LA, Jenkins SN. The safety and 

tolerability profile of therapies for the prevention and treatment of 

osteoporosis in postmenopausal women. Expert Rev Clin Pharmacol. 

2015;8(6):769–84.

 5. North American Menopause Society. Management of osteoporosis in 

postmenopausal women: 2010 position statement of The North Ameri-

can Menopause Society. Menopause. 2010;17(1):25–54 quiz 55–56.

 6. Delmas PD, Ensrud KE, Adachi JD, Harper KD, Sarkar S, Gennari C, et al. 

Mulitple outcomes of raloxifene evaluation investigators. Efficacy of 

raloxifene on vertebral fracture risk reduction in postmenopausal women 

with osteoporosis: four-year results from a randomized clinical trial. J Clin 

Endocrinol Metab. 2002;87(8):3609–17.

 7. Ukon Y, Makino T, Kodama J, Tsukazaki H, Tateiwa D, Yoshikawa H, et al. 

Molecular-based treatment strategies for osteoporosis: a literature review. 

Int J Mol Sci. 2019;20(10):2557.

 8. Branca F. Dietary phyto-oestrogens and bone health. Proc Nutr Soc. 

2003;62(4):877–87.

 9. Simpson EEA, Furlong ON, Parr HJ, Hodge SJ, Slevin MM, McSorley EM, 

McCormack JM, et al. The effect of a randomized 12-week soy drink 

intervention on everyday mood in postmenopausal women. Menopause. 

2019;26(8):867–73.

https://doi.org/10.1186/s12967-020-02238-7
https://doi.org/10.1186/s12967-020-02238-7


Page 10 of 11Russo et al. J Transl Med           (2020) 18:43 

 10. Hayhoe RPG, Lentjes MAH, Mulligan AA, Luben RN, Khaw KT, Welch AA. 

Carotenoid dietary intakes and plasma concentrations are associated 

with heel bone ultrasound attenuation and osteoporotic fracture risk in 

the European Prospective Investigation into Cancer and Nutrition (EPIC)-

Norfolk cohort. Br J Nutr. 2017;117(10):1439–53.

 11. Arscott SA. Food sources of carotenoids. In Carotenoids and human 

health 2013 (pp. 3–19). Humana Press, Totowa, NJ.

 12. Milani A, Basirnejad M, Shahbazi S, Bolhassani A. Carotenoids: biochemis-

try, pharmacology and treatment. Br J Pharmacol. 2017;174(11):1290–324.

 13. Stahl W, Sies H. Bioactivity and protective effects of natural carotenoids. 

Biochim Biophys Acta. 2005;1740(2):101–7.

 14. Agarwal S, Rao AV. Tomato lycopene and its role in human health and 

chronic diseases. CMAJ. 2000;163(6):739–44.

 15. Rao AV, Agarwal S. Role of antioxidant lycopene in cancer and heart 

disease. J Am Coll Nutr. 2000;19(5):563–9.

 16. Tang FY, Shih CJ, Cheng LH, Ho HJ, Chen HJ. Lycopene inhibits growth of 

human colon cancer cells via suppression of the Akt signaling pathway. 

Mol Nutr Food Res. 2008;52(6):646–54.

 17. Wertz K. Lycopene effects contributing to prostate health. Nutr Cancer. 

2009;61(6):775–83.

 18. Feng D, Ling WH, Duan RD. Lycopene suppresses LPS-induced NO and 

IL-6 production by inhibiting the activation of ERK, p38MAPK, and NF-

kappaB in macrophages. Inflamm Res. 2010;59(2):115–21.

 19. Lamprinoudi T, Mazza E, Ferro Y, Brogneri S, Foti D, Gulletta E, et al. 

The link between nutritional parameters and bone mineral density in 

women: results of a screening programme for osteoporosis. J Transl Med. 

2014;19(12):46.

 20. Montalcini T, Emanuele V, Ceravolo R, Gorgone G, Sesti G, Perticone F, 

et al. Relation of low bone mineral density and carotid atherosclerosis in 

postmenopausal women. Am J Cardiol. 2004;94(2):266–9.

 21. Rao AV, Agarwal S. Bioavailability and in vivo antioxidant properties of 

lycopene from tomato products and their possible role in the prevention 

of cancer. Nutr Cancer. 1998;31(3):199–203.

 22. Kim L, Rao AV, Rao LG. Lycopene II–effect on osteoblasts: the carotenoid 

lycopene stimulates cell proliferation and alkaline phosphatase activity of 

SaOS-2 cells. J Med Food. 2003;6(2):79–86.

 23. Park CK, Ishimi Y, Ohmura M, Yamaguchi M, Ikegami S. Vitamin A and 

carotenoids stimulate differentiation of mouse osteoblastic cells. J Nutr 

Sci Vitaminol. 1997;43(3):281–96.

 24. Park B, Lim JW, Kim H. Lycopene treatment inhibits activation of Jak1/

Stat3 and Wnt/β-catenin signaling and attenuates hyperproliferation in 

gastric epithelial cells. Nutr Res. 2018;70:70–81.

 25. Preet R, Mohapatra P, Das D, Satapathy SR, Choudhuri T, Wyatt MD, Kundu 

CN. Lycopene synergistically enhances quinacrine action to inhibit 

Wnt-TCF signaling in breast cancer cells through APC. Carcinogenesis. 

2013;34(2):277–86.

 26. Day TF, Guo X, Garrett-Beal L, Yang Y. Wnt/beta-catenin signaling in mes-

enchymal progenitors controls osteoblast and chondrocyte differentia-

tion during vertebrate skeletogenesis. Dev Cell. 2005;8(5):739–50.

 27. Glass DA 2nd, Bialek P, Ahn JD, Starbuck M, Patel MS, Clevers H, et al. 

Canonical Wnt signaling in differentiated osteoblasts controls osteoclast 

differentiation. Dev Cell. 2005;8(5):751–64.

 28. Liu Y, Beyer A, Aebersold R. On the dependency of cellular protein levels 

on mRNA abundance. Cell. 2016;165(3):535–50.

 29. Ge C, Xiao G, Jiang D, Franceschi RT. Critical role of the extracellular 

signal-regulated kinase-MAPK pathway in osteoblast differentiation and 

skeletal development. J Cell Biol. 2007;176(5):709–18.

 30. Pacifici M. Retinoid roles and action in skeletal development and growth 

provide the rationale for an ongoing heterotopic ossification prevention 

trial. Bone. 2018;109:267–75.

 31. Shimo T, Koyama E, Okui T, Masui M, Kunisada Y, Ibaragi S, et al. Retinoic 

receptor signaling regulates hypertrophic chondrocyte-specific gene 

expression. In Vivo. 2019;33(1):85–91.

 32. Kim JH, Nam SW, Kim BW, Kim WJ, Choi YH. Astaxanthin improves the pro-

liferative capacity as well as the osteogenic and adipogenic differentia-

tion potential in neural stem cells. Food ChemToxicol. 2010;48(6):1741–5.

 33. Costa-Rodrigues J, Fernandes MH, Pinho O, Monteiro PRR. Modulation of 

human osteoclastogenesis and osteoblastogenesis by lycopene. J Nutr 

Biochem. 2018;57:26–34.

 34. Oliveira GR, Vargas-Sanchez PK, Fernandes RR, Ricoldi MST, Semeghini 

MS, Pitol DL, et al. Lycopene influences osteoblast functional activity and 

prevents femur bone loss in female rats submitted to an experimental 

model of osteoporosis. J Bone Miner Metab. 2019;37(4):658–67.

 35. Bruderer M, Richards RG, Alini M, Stoddart MJ. Role and regulation of 

RUNX2 in osteogenesis. Eur Cell Mater. 2014;23(28):269–86.

 36. Ma X, Xu Z, Ding S, Yi G, Wang Q. Alendronate promotes osteoblast dif-

ferentiation and bone formation in ovariectomy-induced osteoporosis 

through interferon-β/signal transducer and activator of transcription 1 

pathway. Exp Ther Med. 2018;15(1):182–90.

 37. Takeda H, Tominari T, Hirata M, Watanabe K, Matsumoto C, Grundler 

FMW, et al. Lutein enhances bone mass by stimulating bone formation 

and suppressing bone resorption in growing mice. Biol Pharm Bull. 

2017;40(5):716–21.

 38. Fu L, Pan F, Jiao Y. Crocin inhibits RANKL-induced osteoclast formation 

and bone resorption by suppressing NF-κB signaling pathway activation. 

Immunobiology. 2017;222(4):597–603.

 39. Golub EE, Boesze-Battaglia K. The role of alkaline phosphatase in minerali-

zation. Curr Opin Orthop. 2007;18:444–8.

 40. Poundarik AA, Diab T, Sroga GE, Ural A, Boskey AL, Gundberg CM, 

et al. Dilatational band formation in bone. Proc Natl Acad Sci USA. 

2012;109(47):19178–83.

 41. Szulc P. Bone turnover: biology and assessment tools. Best Pract Res Clin 

Endocrinol Metab. 2018;32(5):725–38.

 42. Ravn P, Hosking D, Thompson D, Cizza G, Wasnich RD, McClung M, et al. 

Monitoring of alendronate treatment and prediction of effect on bone 

mass by biochemical markers in the early postmenopausal intervention 

cohort study. J Clin Endocrinol Metab. 1999;84(7):2363–8.

 43. Bettica P, Bevilacqua M, Vago T, Masino M, Cucinotta E, Norbiato G. 

Short-term variations in bone remodeling biochemical markers: cyclical 

etidronate and alendronate effects compared. J Clin Endocrinol Metab. 

1997;82(9):3034–9.

 44. Majima T, Shimatsu A, Satoh N, Komatsu Y, Fukao A, Ninomiya K, et al. 

Three-month changes in bone turnover markers and bone mineral 

density response to raloxifene in Japanese postmenopausal women with 

osteoporosis. J Bone Miner Metab. 2008;26(2):178–84.

 45. Etherington J, Keeling J, Bramley R, Swaminathan R, McCurdie I, Spector 

TD. The effects of 10 weeks military training on heel ultrasound and bone 

turnover. Calcif Tissue Int. 1999;64(5):389–93.

 46. Glüer CC, Wu CY, Jergas M, Goldstein SA, Genant HK. Three quantita-

tive ultrasound parameters reflect bone structure. Calcif Tissue Int. 

1994;55(1):46–52.

 47. Liu F, Cao X, Wang H, Liao X. Changes of tomato powder qualities during 

storage. Powder Technol. 2010;204(1):159–66.

 48. Riso P, Brusamolino A, Contino D, Martini D, Vendrame S, Del Bo’ C, Porrini 

M. Lycopene absorption in humans after the intake of two different 

single-dose lycopene formulations. Pharmacol Res. 2010;62(4):318–21.

 49. Gustin DM, Rodvold KA, Sosman JA, Diwadkar-Navsariwala V, Stacewicz-

Sapuntzakis M, Viana M, et al. Single-dose pharmacokinetic study of 

lycopene delivered in a well-defined food-based lycopene delivery 

system (tomato paste-oil mixture) in healthy adult male subjects. Cancer 

Epidemiol Biomarkers Prev. 2004;13:850–60.

 50. Abete I, Perez-Cornago A, Navas-Carretero S, Bondia-Pons I, Zulet MA, 

Martinez JA. A regular lycopene enriched tomato sauce consumption 

influences antioxidant status of healthy young-subjects: a crossover 

study. J Funct Foods. 2013;5(1):28–35.

 51. Rao LG, Mackinnon ES, Josse RG, Murray TM, Strauss A, Rao AV. Lycopene 

consumption decreases oxidative stress and bone resorption markers in 

postmenopausal women. Osteoporos Int. 2007;18(1):109–15.

 52. Greenspan SL, Parker RA, Ferguson L, Rosen HN, Maitland-Ramsey L, Karpf 

DB. Early changes in biochemical markers of bone turnover predict the 

long-term response to alendronate therapy in representative elderly 

women: a randomized clinical trial. J Bone Miner Res. 1998;13(9):1431–8.

 53. Jee WS, Yao W. Overview: animal models of osteopenia and osteoporosis. 

J Musculoskelet Neuronal Interact. 2001;1:193–207.

 54. Iwaniec UT, Yuan D, Power RA, Wronski TJ. Strain-dependent variations in 

the response of cancellous bone to ovariectomy in mice. J Bone Miner 

Res. 2006;21:1068–74.

 55. Domazetovic V, Marcucci G, Iantomasi T, Brandi ML, Vincenzini MT. Oxida-

tive stress in bone remodeling: role of antioxidants. Clin Cases Miner 

Bone Metab. 2017;14(2):209–16.

 56. Rodan SB, Imai Y, Thiede MA, Wesolowski G, Thompson D, Bar-

Shavit Z, Shull S, Mann K, Rodan GA. Characterization of a human 



Page 11 of 11Russo et al. J Transl Med           (2020) 18:43 

•

 

fast, convenient online submission

 
•

  

thorough peer review by experienced researchers in your field

• 

 

rapid publication on acceptance

• 

 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research  ?  Choose BMC and benefit from: 

osteosarcoma cell line (Saos-2) with osteoblastic properties. Cancer Res. 

1987;47(18):4961–6.

 57. Bilbe G, Roberts E, Birch M, Evans DB. PCR phenotyping of cytokines, 

growth factors and their receptors and bone matrix proteins in human 

osteoblast-like cell lines. Bone. 1996;19:437–45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-

lished maps and institutional affiliations.


	Lycopene and bone: an in vitro investigation and a pilot prospective clinical study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Cell culture
	Cell proliferation
	Western blotting
	Real time-PCR
	ALP Activity
	Human study design
	Clinical outcomes
	Participants biochemical evaluation and lycopene content analysis
	Statistics

	Results
	Lycopene does not affect osteoblast proliferation in vitro
	Lycopene increases β-catenin protein expression levels, but does not influence mRNA levels on Saos-2 cells
	Lycopene induces phERK12 protein expression level on Saos-2
	Lycopene increases mRNA expression levels of RUNX2 as well as of the COL1A, and decreases RANKL mRNA expression levels on Saos-2
	Lycopene induces higher mRNA and protein expression of ALP and increases its enzymatic activity on Saos-2 cells
	Clinical characteristics of participants in the pilot study
	Clinical characteristics changes at follow-up and outcomes of the study

	Discussion
	Conclusions
	Acknowledgements
	References


