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Abstract

Objective and design A 6-month, randomized clinical

study was conducted to evaluate the effect of a ribonu-

clease-enriched lactoferrin (R-ELF) supplement on the

circulating cytokine levels and bone health of postmeno-

pausal women.

Subjects Thirty-eight healthy postmenopausal women,

aged 45–60 years, were randomized into placebo and

R-ELF groups.

Treatment The R-ELF group was supplemented with

R-ELF (2 9 125 mg/day) and calcium (100% RDA), while

the placebo group received only the calcium supplement.

Methods Serum levels of receptor activator for NF-jB

ligand (RANKL), C-reactive protein (CRP) and various

pro- and anti-inflammatory cytokines were determined by

ELISA.

Results Pro-inflammatory cytokines IL-6 and TNF-a
decreased significantly (-44 and -10%, respectively)

while anti-inflammatory IL-10 increased (140%) due to

R-ELF supplementation at the end of study. RANKL and

CRP were modestly reduced (-50%) relative to their pla-

cebo levels, although RANKL elevated initially.

Conclusions R-ELF supplementation showed beneficial

effects towards improvement of inflammatory status in

postmenopausal women.

Keywords Lactoferrin � Osteoporosis � Postmenopausal �
Ribonuclease � Inflammation

Introduction

Normal physiological conditions ensure a balance between

bone formation and bone resorption to maintain skeletal

homeostasis. An imbalance develops during osteoporosis

and age-related osteopenia in postmenopausal women [1].

Excess production of osteoclasts and inadequate generation

of osteoblasts could lead to such homeostatic imbalance.

Current treatment options for postmenopausal osteoporosis

include hormone replacement therapy (HRT), selective

estrogen receptor modulators (SERM) and bisphospho-

nates. HRT is effective in reducing osteoclast activity,

however, with certain potential detrimental effects includ-

ing increased risk of breast cancer and thrombo-embolism

as reported in the Women’s Health Initiative [2] and the

Million Women Study [3]. SERMs such as raloxifene are

known to disrupt lymphocyte development, immune cell

function, and cytokine secretion [4]. A risk for develop-

ment of esophageal ulcers has also been reported with the

use of bisphosphonates [5]. Emerging anabolic strategies

include strontium renelate, isosorbide mononitrate and

teriparatide (synthetic parathyroid hormone) that show a

positive effect on bone formation as well as a reduction in

bone resorption activity [6–8]. However, these new treat-

ments require further safety evaluation [9]. Driven by the
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imperative to explore and develop strategies for enhancing

bone formation by natural products and simultaneously

prevent bone loss without side effects, we recently reported

the development of a milk-ribonuclease-enriched lactofer-

rin (R-ELF) supplement and its effect on bone turnover in

postmenopausal women [10]. The data revealed that

R-ELF reduced bone resorption and increased bone for-

mation significantly. Nonetheless, the effect of R-ELF on

general inflammation was not evaluated.

The immune and the skeletal systems share several

regulatory factors, such as cytokines, transcription factors,

and receptors. The immune cells and osteoclasts are

derived from the same hematopoietic precursor cells,

which originate in bone marrow and interact with bone

cells [11, 12]. Inflammation is the primary defense mech-

anism of the body, characterized by a ‘high alert’ state of

the immune system, triggered by the release of several pro-

inflammatory cytokines. It also affects the processes of

bone resorption and formation, due to the presence of

pathways that are common to both bone cell maturation

and inflammation. Pro-inflammatory cytokine levels are

known to rise during aging and stress [13]. Elevated levels

of tumor necrosis factor (TNF)-a, interleukin (IL)-6 and

IL-1b receptors suggest subtle changes in the immune

system [14]. Thus, the body is in a state of mild, continuous

inflammation, characterized by a rise in the levels of acute

phase proteins such as C-reactive protein (CRP), a well-

known bio-marker for inflammation. In healthy, elderly

individuals higher serum CRP levels were associated with

high bone turnover rate, resulting in low bone mineral

density [15].

Lactoferrin (LF) is a multifunctional milk protein with

anti-inflammatory and immune modulatory properties

[16]. LF stimulates lymphocytes and natural killer

cells, and is involved in multiple pathways of immune

response. Enhanced secretion of the anti-inflammatory

cytokines IL-4 and IL-10, along with altered expression

of pro-inflammatory cytokines (IFN-c, IL-1b, IL-6 and

TNF-a) have been observed with LF intake [17, 18]. Oral

administration of LF in animal models could upregulate

anti-inflammatory IL-4 and IL-10 [19] and inhibit TNF-a
along with a rise in IL-10 secretion in animal arthritis

models [20]. In view of the immuno-modulating

and anti-inflammatory properties of LF and the estab-

lished links between inflammatory cytokines with bone

remodeling processes, we set out to investigate the

changes in inflammatory status of subjects supplemented

with R-ELF. The present study reports the effect of

R-ELF supplementation on the levels of inflammatory

cytokines and CRP, as indicators of inflammation, and

receptor activator for nuclear factor-jB ligand (RANKL)

as a marker of osteoclast activity in postmenopausal

women.

Materials and methods

Subjects

Selection of subjects was based on the response to a

questionnaire on general bone health status, previous

injury/disease, current or previous treatment, and con-

sumption of calcium-rich foods. General health was

determined by routine standard medical assessment of

physical and mental health. Details of the inclusion and

exclusion criterion for the study have been described pre-

viously [10]. After evaluation, 38 healthy, ambulatory

postmenopausal women, 45–60 years old, with no menses

for at least 12 months were registered for the study. Three

subjects were excluded, one with a history of treatment for

bone health and two women had hypothyroidism. The

study was approved by the Institutional Review Board of

the Western University of Health Sciences, Pomona, CA.

Prospective participants were advised of the nature of the

study and provided written informed consent before

participation.

Study design

R-ELF is a ribonuclease (angiogenin)-enriched LF either

co-isolated from bovine milk (50:50 ratio wt/wt) or both

proteins (LF and ribonuclease) admixed to obtain required

ratios, as previously described [21, 22]. Thirty-five women

included in the study were randomly assigned to one of the

two groups: placebo group or R-ELF group. Fifteen sub-

jects assigned to the placebo group were supplemented

with 100% RDA (Recommended Daily Allowance) of

calcium, in a tablet form, whereas 20 subjects of the R-ELF

group were given two R-ELF capsules of 125 mg each,

along with 100% RDA of calcium administered orally from

Day 1 to Day 180. Venous blood samples were collected,

by standard venipuncture technique, from each subject on

Day 0 (baseline before starting the supplement), Day

30, Day 90 and Day 180 of the study. Further details of

design and flow of the study have been described previ-

ously [10].

Inflammatory cytokines and markers

The levels of inflammatory cytokines—IFN-c, IL-6, IL-

12?p40, TNF-a, IL-1b, IL-10 and TGF-b were determined

by enzyme-linked immunosorbent assay (ELISA) using

respective monoclonal antibodies purchased from Invitro-

gen (Camarillo, CA). High purity CRP and anti-CRP rabbit

polyclonal antibody were obtained from Calbiochem/EMD

(San Diego, CA, USA) and anti-RANKL rabbit polyclonal

antibody was from Abcam Inc. (Cambridge, MA, USA).

CRP assay had a sensitivity of 8 pg/mL and detection limit
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of 1 ng/mL. All buffers and other reagents were obtained

from Invitrogen.

Statistical analysis

Cytokine data from each day was analyzed for measures of

central tendency, deviation and distribution of data. Data

were considered outliers if they were[1.5 times the inter-

quartile range (IQR) above the third quartile or below the

first quartile. Outliers were discarded from datasets for

statistical tests of significance. In view of the small size of

placebo and R-ELF groups, median and standard error of

the mean were used as the preferred measures of central

tendency for this modest set of data. The Kolmogorov–

Smirnov test (KS test) was used as a test for normal dis-

tribution of data within each set [23]. Student’s unpaired

two-sample t test was used for comparison of the mean

observed change in markers for placebo and R-ELF data

sets to establish the effect of R-ELF supplementation.

OriginPro Ver. 8 (OriginLab, MA, USA) software was

used for data analysis.

Results

Baseline characteristics, compliance and adverse events

The baseline characteristics of placebo and R-ELF groups

are shown in Table 1. There is a close match between the

health characteristics of the placebo and R-ELF groups,

reflecting generally good bone health status. As detailed in

our previous study, the bone health status of the two groups

were also comparable, as evaluated by measuring the levels

of several bone turnover markers [10]. Three participants

from the control group dropped out of the study before Day

15 and one from the R-ELF group was dropped due to non-

compliance. There was [95% compliance to the supple-

ment regimen among the subjects. The body weight and

blood pressure of all the subjects essentially maintained

within ±3% of their baseline values. No adverse events

were reported during the 6-month study or 3-month post-

study follow up.

The mean levels and range of inflammatory cytokines in

the serum of study subjects were similar to those reported

for generally healthy individuals [24–28]. The levels of

TGF-b in postmenopausal women are known to vary

widely, ranging from 9,800 [29] to 46,500 [30]. In the

analysis of cytokine levels, the median ± SEM values are

used to estimate changes with R-ELF supplementation, as

the groups were small. Unusual variations in the data of

some subjects resulted in high standard errors.

Pro-inflammatory cytokine levels improved towards

a better bone health

Variation in the serum levels of IFN-c, IL-1b, TNF-a, IL-6

and IL-12?p40 for placebo and R-ELF groups during the

course of the study are shown in Fig. 1. The median IFN-c
ranged from 14.4 ± 1.7 to 18.3 ± 2.9 pg/mL for the pla-

cebo group while the values increased from 28.6 ± 13.7 to

32.4 ± 12.8 pg/mL for the R-ELF group and the difference

between them was statistically significant (P = 0.0007

for median IFN-c, placebo vs. R-ELF). IFN-c levels for

the R-ELF group decreased (-6.6%) within 30 days but

increased considerably (?42%) for the placebo group. By

the end of study, although IFN-c levels for the R-ELF

group were increased (?13.5%), the increment was smaller

compared to the placebo group (?27%) (Fig. 1a). Median

IL-1b levels ranged from 10.2 ± 3.8 to 15.0 ± 10.2 pg/mL

for the placebo and from 22.6 ± 10.9 to 23.3 ± 19.9

pg/mL for the R-ELF group (P = 0.0131 for median

IL-1b, placebo vs. R-ELF). A large decrease in IL-1b
levels was observed initially but the trend reversed by Day

90 and turned out significantly positive (?46.5%) for the

placebo group, while it remained close to the baseline

(?2.8%) for the R-ELF group (Fig. 1b). TNF-a levels

ranged from 239.3 ± 15.8 on Day 0 to 238.3 ± 69.5 pg/mL

for placebo, while a decrease from 279.7 ± 31.0 to

251.4 ± 43.2 pg/mL (P = 0.0341 for median TNF-a,

placebo vs. R-ELF) was observed with R-ELF supple-

mentation. A large initial decline in TNF-a levels (-27.4%

for R-ELF vs. -15.5% for placebo) was sustained until

Table 1 Baseline characteristics of the study population

Characteristic Control group R-ELF group P

Number of participants (n) 15 20 –

Age (years)

Mean ± SD 51.0 ± 4.4 53.5 ± 5.4 0.10

Range 44–59 45–61

Weight (lbs)

Mean ± SD 134 ± 20 141 ± 24 0.36

Range 104–174 107–208

Blood pressure (mm Hg)

Mean Systolic ± SD 121 ± 21 127 ± 24 0.47

Mean Diastolic ± SD 78 ± 14 80 ± 15 0.64

Cytokines (pg/mL)a

IFN-c 12.9 ± 2.1 17.2 ± 4.0 0.37

IL-6 3.3 ± 1.5 4.2 ± 3.2 0.11

TNF-a 243.5 ± 15.8 277.0 ± 7.7 0.07

IL-1b 7.7 ± 2.3 12.8 ± 3.6 0.26

IL-12?p40 66.9 ± 10.7 54.8 ± 8.3 0.38

IL-10 11.9 ± 3.2 9.2 ± 2.1 0.47

TGF-b 743.1 ± 73.1 771.6 ± 21.1 0.68

a Mean ± SEM

Inflammatory responses in postmenopausal women



Day 180 for the R-ELF group (-10.1%), but not with the

placebo (-0.4%) (Fig. 1c). Furthermore, median IL-6

levels slightly decreased for the placebo group from 2.1 ±

1.5 on Day 0 to 2.0 ± 2.1 pg/mL by the end of study,

while IL-6 decreased from 5.5 ± 3.9 to 3.0 ± 4.1 pg/mL

for the R-ELF group. As shown in Fig. 1d, by the end of

study, the decrease in IL-6 was significant (P = 0.0338

for median IL-6, placebo vs. R-ELF) for the R-ELF

group (-44.1%) compared to the placebo (-4.3%). Levels

of IL-12?p40 (also referred to as IL-12) were similar

for both groups; placebo ranging from 68.5 ± 1.6 to

90.2 ± 1.6 pg/mL and R-ELF group from 73.1 ± 4.0 to a

slightly higher 111.1 ± 5.6 pg/mL. R-ELF supplementa-

tion significantly raised IL-12 levels by 51.9% by Day 180

compared to placebo, with an increase of 31.8% from their

respective baseline levels (P \ 0.0005 for mean IL-12,

placebo vs. R-ELF) (Fig. 1e). These results demonstrate

that R-ELF supplementation induced down-regulation of

pro-inflammatory TNF-a and IL-6, and a moderate eleva-

tion of IL-1b and IFN-c levels within 6 months.

Effect of R-ELF supplementation on anti-inflammatory

cytokines

Enhanced production of anti-inflammatory cytokines, such

as IL-10 and TGF-b, would complement the beneficial

effects of R-ELF as these cytokines promote formation of

new bone matrix. Changes in the serum levels of IL-10 and

TGF-b were determined for both groups and are shown in

Fig. 2. Levels of IL-10 for the placebo group were close to

the baseline median value of 17.4 ± 2.7, until Day 180

(16.3 ± 3.6 pg/mL), while the levels increased from

7.7 ± 9.2 to 18.8 ± 4.2 pg/mL for the R-ELF group. A

major positive change was observed in IL-10 with R-ELF

supplementation (?150%) compared to placebo (-6.2%)

(P = 0.0235 for change in median IL-10, placebo vs.

R-ELF) by the end of study (Fig. 2a). Median TGF-b levels

Fig. 1 Effect of R-ELF

supplementation on pro-

inflammatory cytokines. Median

change in the serum levels of

pro-inflammatory cytokines.

IFN-c (a), IL-1b (b), TNF-a (c),

IL-6 (d) and IL-12 (e)—in

subjects from placebo (open
bars) and R-ELF (filled bars)

supplemented groups

Fig. 2 Variations in serum levels of anti-inflammatory cytokines

with R-ELF supplementation. Median change in the serum levels of

anti-inflammatory cytokines. IL-10 (a) and TGF-b (b) in subjects

from placebo (open bars) and R-ELF (filled bars) supplemented

groups
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slightly decreased for both the groups, 786.3 ± 73.1 to

761.5 ± 85.1 pg/mL for the placebo, compared to 739.4 ±

58.9 to 727.6 ± 51.9 pg/mL for the R-ELF (P = 0.0072

for median TGF-b, placebo vs. R-ELF). However, the

decrease was smaller for the R-ELF group (-2%) than the

placebo (-3%) (Fig. 2b). These results indicate a relatively

positive change in anti-inflammatory cytokines with

R-ELF supplementation, compared to calcium supple-

mentation alone.

The correlation between pro- and anti-inflammatory

cytokines was analyzed and the results are presented in

Table 2. The correlation matrix for placebo and R-ELF

groups were generally maintained from Day 0 to Day 180

and improved with R-ELF supplementation. Most cytokine

correlations also remained statistically significant at 95%

confidence interval. The correlation of IL-6 versus IL-10

improved with R-ELF supplementation. In general, TNF-a,

IL-12?p40 and TGF-b did not show any correlation, nei-

ther with the progress of study nor with supplementation.

IL-10 was highly correlated with IFN-c and IL-6 at the

beginning of the study for both groups, which improved by

the end of the study. Interestingly, IFN-c was not correlated

with IL-10 at baseline but demonstrated a high degree of

correlation after R-ELF supplementation. These positive

correlations suggested a moderate elevation of anti-

inflammatory cytokines that could reduce pro-inflamma-

tory response. Inverse correlation is a favorable outcome of

reduction in pro-inflammatory and elevation of anti-

inflammatory cytokines, in which could diminish inflam-

mation. An improved negative correlation was observed

between IL-6 and TGF-b with R-ELF supplementation,

although not statistically significant.

Reduced levels of CRP and RANKL with R-ELF

supplementation

RANKL is a well established marker for the onset of

osteoporosis in postmenopausal women. RANKL, a

mediator of osteoclast formation, indicated a sharp rise by

Day 30 followed by a steady decline for both placebo and

R-ELF groups (Fig. 3a). However, in response to R-ELF

supplementation there was a larger and rapid decline by

-34.8% (60.6% on Day 30 to 25.8% on Day 90) compared

to an 11.6% increase (35.0% on Day 30 to 46.6% on Day

90) with calcium supplementation alone. By the end of the

study, RANKL levels were further decreased to 8.2% for

R-ELF group and remained at 22.5% for placebo

(P = 0.0202 for median change in RANKL, placebo vs.

R-ELF). Similarly, CRP levels showed a sharp decrease for

both the groups by Day 30, but the trend reversed and CRP

increased to baseline levels by the end of the study

(Fig. 3b). A relatively large reduction in CRP levels was

observed for the R-ELF group (-55.9% by Day 30), which

sustained for a long time (-49.8% by Day 90) (P = 0.0286

for mean change in CRP, placebo vs. R-ELF). On the other

hand, the placebo group regained CRP levels rapidly,

-40.6 to -23.1% of its baseline CRP level in 60 days.

These results suggest an improvement in the inflammatory

status and reduced bone resorption in postmenopausal

women with R-ELF supplementation.

Discussion

In our previous study, R-ELF supplementation reduced

bone resorption and significantly elevated bone formation,

measured as changes in the levels of several bone turnover

Table 2 Correlation between pro- and anti-inflammatory cytokines

Cytokine Day 0 Day 180

IL-10 TGF-b IL-10 TGF-b

PLACEBO Group

IFN-c 0.89 (\0.005) nc 0.97 (\0.0005) nc

IL-6 0.79 (0.05) nc 0.97 (\0.0005) nc

TNF-a nc nc 0.86 (0.05) nc

IL-1b 0.67a (0.066) nc 0.98 (\0.0005) nc

IL-12 nc nc nc nc

R-ELF Group

IFN-c nc nc 0.95 (\0.005) nc

IL-6 0.82a (0.086) -0.41b (0.271) 0.92 (\ 0.05) -0.50b (0.167)

TNF-a nc nc nc nc

IL-1b nc nc nc nc

IL-12 nc nc nc nc

nc No correlation observed
a 90% Confidence interval
b Not statistically significant

Fig. 3 Changes in serum levels of RANKL and CRP with R-ELF

supplementation. Median change in the serum levels of RANKL, a

marker of osteoclast formation (a) and CRP, an inflammatory marker

(b) in subjects from placebo (open bars) and R-ELF (filled bars)

groups
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markers [10]. Bone metabolism is known to be influenced

by inflammatory cytokines. Development and activation of

osteoclasts and subsequent bone resorption is regulated by

the RANKL pathway [31, 32]. Anti-resorptive therapies,

such as denosumab, targeted towards RANKL, are cur-

rently being developed [33]. Several cytokines influence

the expression of RANKL, which in turn, affects bone

remodeling [34]. Estrogen deficiency in postmenopausal

women causes elevation of pro-inflammatory cytokines

such as TNF-a and IL-6, which increases RANKL levels,

leading to increased osteoclast maturation, activity and

subsequent risk for osteoporotic fractures [35–37]. Other

treatments, such as HRT and raloxifene, resulted in either

increased or unchanged levels of IL-6, although TNF-a
levels showed a considerable decline. [38–40]. In the

present study, we have observed a significant reduction in

TNF-a and IL-6 levels, after six months of R-ELF sup-

plementation, with substantial favorable changes in TNF-a
(-27%) and IL-6 (-44%) occurring within the first

90 days. Based on this decrease in TNF-a and IL-6 levels,

a change in RANKL was expected in R-ELF treated sub-

jects. However, median change in RANKL levels varied

significantly from baseline and was reduced for the R-ELF

group relative to placebo by the end of study. It is note-

worthy that RANKL levels have not shown a consistent

behavior with the progress of anti-resorptive therapy.

Similar inconsistent variations in RANKL levels have been

well documented [41–43]. In serum, RANKL is present in

free form as well as bound to osteoprotegerin (OPG). The

increase in RANKL levels has been interpreted as an

increase in the OPG-bound form, which is a favorable

outcome, indicating reduced osteoclast activity [43]. In

addition, RANKL levels were undetectable for several

subjects in a raloxifene study due to limitation of the assay

[42]. Therefore, our preliminary observations considering

the results of other investigators, suggest that R-ELF

intervenes with RANK/RANKL pathway, directly or

indirectly, to down-regulate osteoclast formation and sub-

sequently reduce bone resorption (as has been observed by

changes in serum NTx and urine DPD markers in our

previous study [10]).

The pro-inflammatory cytokine IFN-c has a dual role in

bone metabolism. IFN-c functions both as a pro-resorptive

and an anti-resorptive cytokine [44]. IFN-c blocks

RANKL-induced osteoclast differentiation by direct inter-

action with osteoclast precursors but indirectly stimulates

osteoclast formation. Accordingly, the modest 13.5%

increase in IFN-c levels observed for the R-ELF group can

potentially be attributed to this dual property. It is well

known that pro-inflammatory cytokines IL-6, IL-1b and

TNF-a are increased in post-menopausal estrogen defi-

ciency [45–47]. In our study, R-ELF supplementation

greatly reduced IL-6 and TNF-a levels compared to

placebo, indicating a beneficial effect. IL-1b, a potent

stimulator of osteoclastogenesis [48], however, showed an

initial decrease followed by an increase by Day 90, then

settled close to baseline by the end of study despite R-ELF

supplementation. Nevertheless, IL-1b levels were

increased by [40% by Day 180 in the placebo group,

whereas R-ELF supplementation prevented such an

increase, indicating that long term supplementation of

R-ELF may be necessary to observe positive effects. In

contrast, IL-12 inhibits the RANKL-induced maturation

and activation of osteoclasts on its own or in synergy with

IL-18 [49]. R-ELF increased the serum levels of IL-12 by

more than 50% in 6 months, which may be responsible for

the observed decrease in RANKL levels after Day 30.

Further, IL-12 has been shown to inhibit TNF-a induced

osteoclastogenesis via T cell dependent mechanism in mice

[50]. Therefore, the increased levels of IL-12 with R-ELF

supplementation are a favorable outcome in this study.

Anti-inflammatory cytokines, TGF-b and IL-10, tend to

suppress osteoclastogenesis [37, 51–53]. A reduction in

TGF-b levels results in inflammation, autoimmunity and

increased T cell production of IFN-c, TNF and RANKL. In

the present study, TGF-b levels for the placebo group

exhibited slight decrease (-3%) whereas R-ELF supple-

mentation limited the loss to -2%. The change in TGF-b
levels is minimal, however, serum TGF-b levels were

significantly lowered by HRT ([50%) while raloxifene

treatment had no effect [54]. The marked increase in IL-10

levels (?150%) observed with the R-ELF group appears

also to be a beneficial outcome. In view of the detrimental

effects of IL-10 deficiency, IL-10 elevation by R-ELF

could be responsible for the increased bone formation (as

measured by bone specific alkaline phosphatase and oste-

ocalcin levels) observed in our previous clinical study [10].

The kinetics of acute phase marker CRP synthesis are

influenced by several cytokines involved in the inflamma-

tory process. The serum concentration of CRP has been

shown to correlate with TNF-a and IL-6 with minor effect

from other cytokines [55]. R-ELF supplement, therefore,

was expected to bring down inflammation considerably

with reduction of TNF-a and IL-6 levels. In agreement, the

R-ELF group demonstrated significantly lower CRP levels

by Day 30 and Day 90 than calcium supplementation

alone.

In summary, R-ELF supplementation reduced osteoclast

generation, as indicated by decreased levels of RANKL,

and improved inflammatory status of the subjects, as

indicated by the decline in CRP levels. These changes are

attributed to diminished pro-inflammatory and increased

anti-inflammatory cytokine levels. Despite being a pre-

liminary investigation with a small number of subjects

monitored for a short duration, the results are promising

and warrant further investigation by a placebo-controlled

S. Bharadwaj et al.



study in a larger population. R-ELF, a milk protein-based

bone health supplement, could provide a safe and natural

alternative to synthetic hormone and drug therapy limited

by serious side effects.

Acknowledgments We thank Tiffani Davis (phlebotomist), Natver

Patel, and Sreus AG Naidu for coordinating with the clinical study.

This project was funded by N-terminus Research Laboratory,

Pomona, CA, USA.

References

1. Garnero P, Somay-Rendu E, Chapuy MC, Delmas PD. Increased

bone turnover in late postmenopausal women is a major deter-

minant of osteoporosis. J Bone Miner Res. 1996;11:337–49.

2. Chlebowski RT, Hendrix SL, Langer RD, Stefanick ML, Gass M,

Lane D, for WHI Investigators, et al. Influence of estrogen plus

progestin on breast cancer and mammography in healthy post-

menopausal women: the Women’s Health Initiative Randomized

Trial. JAMA. 2003;289:3243–53.

3. Banks E, Beral V, Bull D, Reeves G. Breast cancer and hormone-

replacement therapy in the Million Women Study. Lancet.

2003;362:419–27.

4. Erlandsson MC, Gomori E, Taube M, Carlsten H. Effects of

Raloxifene, a selective estrogen receptor modulator, on thymus, T

cell reactivity, and inflammation in mice. Cell Immunol.

2000;205:103–9.

5. Makins R, Ballinger A. Gastrointestinal side effects of drugs.

Expert Opin Drug Safety. 2003;2:421–9.

6. Meunier PJ, Slosman DO, Delmas PD, Sebert JL, Brandi ML,

Albanese C, et al. Strontium ranelate: dose-dependent effects in

established postmenopausal vertebral osteoporosis—a 2-year

randomized placebo controlled trial. J Clin Endocrinol Metab.

2002;87:2060–6.

7. Jamal SA, Cummings SR, Hawker GA. Isosorbide mononitrate

increases bone formation and decreases bone resorption in post-

menopausal women: a randomized trial. J Bone Miner Res.

2004;19:1512–7.

8. Cosman F. Anabolic therapy for osteoporosis: parathyroid hor-

mone. Curr Rheumatol Rep. 2006;8:63–9.

9. Hodsman AB, Bauer DC, Dempster DW, Dian L, Hanley DA,

Harris ST, et al. Parathyroid hormone and teriparatide for the

treatment of osteoporosis: a review of the evidence and suggested

guidelines for its use. Endocr Rev. 2005;26:688–703.

10. Bharadwaj S, Naidu AGT, Betageri GV, Prasadarao NV, Naidu

AS. Milk ribonuclease-enriched lactoferrin induces positive

effects on bone turnover markers in postmenopausal women.

Osteoporos Int. 2009;20:1603–11.

11. Arron JR, Choi Y. Bone versus immune system. Nature. 2000;

408:535–6.

12. Goldring SR. Inflammatory mediators as essential elements in

bone remodeling. Calcif Tissue Int. 2003;73:97–100.

13. De Martinis M, Franceschi C, Monti D, Ginaldi L. Inflamm-

ageing and lifelong antigenic load as major determinants of

ageing rate and longevity. FEBS Lett. 2005;579:2035–9.

14. Bruunsgaard H. The clinical impact of systemic low-level

inflammation in elderly populations. With special reference to

cardiovascular disease, dementia and mortality. Dan Med Bull.

2006;53:285–309.

15. Koh JM, Khang YH, Jung CH, Bae S, Kim DJ, Chung YE, Kim

GS. Higher circulating hsCRP levels are associated with lower

bone mineral density in healthy pre- and postmenopausal women:

evidence for a link between systemic inflammation and osteo-

porosis. Osteoporos Int. 2005;89:735–42.

16. Naidu AS. Lactoferrin—natural, multifunctional, antimicrobial.

Boca Raton: CRC Press; 2000.

17. Machnicki M, Zimecki M, Zagulski T. Lactoferrin regulates the

release of tumor necrosis factor alpha and interleukin 6 in vivo.

Int J Exp Pathol. 1993;74:433–9.

18. Kruzel ML, Harari Y, Mailman D, Actor JK, Zimecki M.

Differential effects of prophylactic, concurrent and therapeutic

lactoferrin treatment on LPS-induced inflammatory responses in

mice. Clin Exp Immunol. 2002;130:25–31.

19. Legrand D, Elass E, Carpentier M, Mazurier J. Lactoferrin: a

modulator of immune and inflammatory responses. Cell Mol Life

Sci. 2005;62:2549–59.

20. Hayashida K, Kaneko T, Takeuchi T, Shimizu H, Ando K, Ha-

rada E. Oral administration of lactoferrin inhibits inflammation

and nociception in rat adjuvant-induced arthritis. J Vet Med Sci.

2004;66:149–54.

21. Naidu AS. Angiogenin complexes (ANGex) and uses thereof. US

Patent No. 7601689 (2009).

22. Naidu AS. Immobilized angiogenin mixtures and uses thereof.

US Patent Application No. 20080254018 (2008).

23. Zar JH. Biostatistical analysis. 4th ed. New Jersey: Prentice Hall;

1999. p. 475–8.

24. Ziegenhagen MW, Benner UK, Zissel G, Zabel P, Schlaak M,

Müller-Quernheim J. Sarcoidosis: TNF-alpha release from alve-

olar macrophages and serum level of sIL-2R are prognostic

markers. Am J Respir Crit Care Med. 1997;156:1586–92.

25. Buyan N, Ozkaya O, Bideci A, Soylemezoglu O, Cinaz P, Gonen

S, et al. Leptin, soluble leptin receptor, and transforming growth

factor-b1 levels in minimal change nephrotic syndrome. Pediatr

Nephrol. 2003;18:1009–14.

26. Bamba T, Yoshioka U, Inoue H, Iwasaki Y, Hosoda S. Serum

levels of interleukin-lb and interleukin-6 in patients with chronic

pancreatitis. J Gastroenterol. 1994;29:314–9.

27. Cioffi M, Esposito K, Vietri MT, Gazzerro P, D’Auria A, Ard-

ovino I, Puca GA, Molinari AM. Cytokine pattern in

postmenopause. Maturitas. 2002;41:187–92.

28. Fiorito S, Magrini L, Goalard C. Pro-inflammatory and anti-

inflammatory circulating cytokines and periprosthetic osteolysis.

J Bone Joint Surg Br. 2003;85-B:1202–6.

29. Andersson PO, Stockelberg D, Jacobsson S, Wadenvik H. A

transforming growth factor-beta1-mediated bystander immune

suppression could be associated with remission of chronic

idiopathic thrombocytopenic purpura. Ann Hematol. 2000;79:

507–13.

30. Hinke V, Seck T, Clanget C, Scheidt-Nave C, Ziegler R,

Pfeilschifter J. Association of transforming growth factor-b1

(TGFb1) T29 ? C gene polymorphism with bone mineral den-

sity (BMD), changes in BMD, and serum concentrations of TGF-

b1 in a population-based sample of postmenopausal German

women. Calcif Tissue Int. 2001;69:315–20.

31. Anandarajah AP. Role of RANKL in bone diseases. Trends

Endocrinol Metab. 2009;20:88–94.

32. Lacey DL, Timms E, Tan H-L, Kelley MJ, Dunstan CR, Burgess

T, et al. Osteoprotegerin ligand is a cytokine that regulated

osteoclast differentiation and activation. Cell. 1998;93:165–76.

33. Geusens P. Emerging treatments for postmenopausal osteoporo-

sis–focus on denosumab. Clin Interv Aging. 2009;4:241–50.

34. Theoleyre S, Wittrant Y, Kwan Tat S, Fortun Y, Redini F,

Heymann D. The molecular triad OPG/RANK/RANKL

involvement in the orchestration of pathophysiological bone

remodeling. Cytokine Growth Factor Rev. 2004;15:457–76.

35. Eghbali-Fatourechi G, Khosla S, Sanyal A, Boyle WJ, Lacey DL,

Riggs BL. Role of RANKL ligand in mediating increased bone

Inflammatory responses in postmenopausal women



resorption in early postmenopausal women. J Clin Invest.

2003;111:1221–30.

36. D’Amelio P, Grimaldi A, Di Bella S, Brianza SZM, Cristofaro

MA, Tamoneet C, et al. Estrogen deficiency increases osteolc-

astogenesis up-regulating T cells activity: a key mechanism in

osteoporosis. Bone. 2008;43:92–100.

37. Weitzmann MN, Pacifici R. Estrogen deficiency and bone loss: an

inflammatory tale. J Clin Invest. 2006;116:1186–94.

38. Abrahamsen B, Bonnevie-Nielsen V, Ebbesen EN, Gram J, Beck-

Nielsen H. Cytokines and bone loss in a 5-year longitudinal

study–Hormone replacement therapy suppresses serum soluble

interleukin-6 receptor and increases interleukin-1–receptor

antagonist: The Danish Osteoporosis Prevention Study. J Bone

Miner Res. 2000;15:1545–54.

39. Cohen-Solal ME, Graulet AM, Denne MA, Gueris J, Baylink D,

De Vernejoul MC. Peripheral monocyte culture supernatants of

menopausal women can induce bone resorption: involvement of

cytokines. J Clin Endocrinol Metab. 1993;77:1648–53.

40. Rogers A, Eastell R. Effects of estrogen therapy of postmeno-

pausal women on cytokines measured in peripheral blood. J Bone

Miner Res. 1998;13:1577–86.

41. Rogers A, Eastell R. Circulating osteoprotegerin and receptor

activator for nuclear factor jB ligand: clinical utility in metabolic

bone disease assessment. J Clin Endocrinol Metab. 2005;90:

6323–31.

42. Fernandez-Garcia D, Munoz-Torres M, Mezquita-Raya P, de la

Higuera M, Alonso G, Reyes-Garcia R, Ochoa AS, Ruiz-Requena

ME, Dios Luna J, Escobar-Jimenez F. Effects of raloxifene

therapy on circulating osteoprotegerin and RANK ligand levels

in post-menopausal osteoporosis. J Endocrinol Invest. 2008;31:

416–21.

43. Reyes-Garcia R, Munoz-Torres M, Garcia DF, Mezquita-Raya P,

Garcia Salcedo JA, de Dios Luna J. Effects of alendronate

treatment on serum levels of osteoprotegerin and total receptor

activator of nuclear factor jB in women with postmenopausal

osteoporosis. Menopause, 2010;17:140–144.

44. Gao Y, Grassi F, Robbie Ryan M, Terauchi M, Page K, Yang X,

Weitzmann MN, Pacifici R. IFN-c stimulates osteoclast forma-

tion and bone loss in vivo via antigen-driven T cell activation.

J Clin Invest. 2007;117:122–32.

45. Riggs BL, Khosla S, Melton LJ III. Sex steroids and the con-

struction and conservation of the adult skeleton. Endocr Rev.

2002;23:279–302.

46. Manolagas SC. Birth and death of bone cells: basic regulatory

mechanisms and implications for the pathogenesis and treatment

of osteoporosis. Endocr Rev. 2000;21:115–37.

47. Pacifici R. Estrogen, cytokines, and pathogenesis of postmeno-

pausal osteoporosis. J Bone Miner Res. 1996;11:1043–51.

48. Gowen M, Wood DD, Ihrie EJ, McGuire MK, Russell RG. An

interleukin-1 like factor stimulates bone resorption in vitro.

Nature. 1983;306:378–80.

49. Horwood NJ, Elliott J, Martin TJ, Gillespie MT. IL-12 alone and

in synergy with IL-18 inhibits osteoclast formation in vitro.

J Immunol. 2001;166:4915–21.

50. Yoshimatsu M, Kitaura H, Fujimura Y, Eguchi T, Kohara H,

Morita Y, et al. IL-12 inhibits TNF-a induced osteoclastogenesis

via a T cell-independent mechanism in vivo. Bone. 2009;45:

1010–6.

51. Hofbauer LC, Schoppet M. Clinical implications of the osteo-

protegerin/RANKL/RANK system for bone and vascular

diseases. JAMA. 2004;292:490–5.

52. Gao Y, Qian W, Dark K, Toraldo G, Lin ASP, Guldberg RE,

Flavell RA, Weitzmann MN, Pacifici R. Estrogen prevents bone

loss through transforming growth factor beta signaling in T cells.

Proc Natl Acad Sci USA. 2004;101:16618–23.

53. Xu LX, Kukita T, Kukita A, Otsuka T, Niho Y, Iijima T. Inter-

leukin-10 selectively inhibits osteoclastogenesis by inhibiting

differentiation of osteoclast progenitors into preosteoclast-like

cells in rat bone marrow culture system. J Cell Physiol. 1995;165:

624–9.

54. Kumru S, Yildiz FM, Gurates B, Godekmerdan A, Kutlu S,

Yilmaz B. Effects of raloxifene and hormone replacement ther-

apy on serum Th2 and Th3 type cytokine concentrations in

healthy postmenopausal women: a randomized controlled trial.

Arch Gynecol Obstet. 2008;277:489–93.

55. Walsh BW, Cox DA, Sashegyi A, Dean RA, Tracy RP, Anderson

PW. Role of Tumor Necrosis Factor-a and Interleukin-6 in the

effects of hormone replacement therapy and Raloxifene on

C-Reactive Protein in Postmenopausal Women. Am J Cardiol.

2001;88:825–8.

S. Bharadwaj et al.


	Inflammatory responses improve with milk ribonuclease-enriched lactoferrin supplementation in postmenopausal women
	Abstract
	Objective and design
	Subjects
	Treatment
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Subjects
	Study design
	Inflammatory cytokines and markers
	Statistical analysis

	Results
	Baseline characteristics, compliance and adverse events
	Pro-inflammatory cytokine levels improved towards  a better bone health
	Effect of R-ELF supplementation on anti-inflammatory cytokines
	Reduced levels of CRP and RANKL with R-ELF supplementation

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


