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Abstract

Several observations have showed the synergistic effect of nutrients elements and
phytoestrogens on bone resorption elimination. Zn is one of the trace elements found to
increase the stimulatory effect of phytoestrogens including genestein, coumestrol and daidzein
on bone formation; however the synergistic modulation of Zn, genestein, coumestrol and
daidzein on proinflammatory-producing T-cells and receptor activator of NFkB ligand
(RANKL) expression that implicated in osteoclast formation is still open area to debate. This
study found that Zn enhanced the inhibitory effect of genistein, daidzein and coumestrol on
TNF-a expression; however the same effect was shown with daidzein on IL-1f expression
while there is no further effect found with other compounds. Zn is only in combination with
genistein decreaselL-6 expression; moreover Zn had additional effect on the inhibitory effect
of all test phytoestrogens on RANKL expression in dose-dependent manner. In conclusion,
Zn alone or in combination with phytoestrogens has an inhibitory effect on the expression of
pro-inflammatory cytokines and RANKL that play an important role in the promotion of bone
resorption.
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Introduction

Recently it has become clear that the interactions between the immune system and
bone have a key role in osteoporosis after aging. Estrogen plays an important role in the
balance of bone remodeling and its deficiency causes bone loss and fractures after aging
especially in women [1]. Moreover, estrogen deficiency increases T-lymphocytes population
and TNF production by activated T-cells that act a key factor promote osteoclastogenesis
[2,3]. Receptor activator of nuclear factor kappa-B (NFk-B) ligand (RANKL) (also called
osteoprotegerin ligand (OPGL)) is a member of the tumor necrosis factor superfamily and
plays an important role in bone remodeling and osteoclast formation. TNF acts a major key in
bone resorption and can induce osteoclast formation through several mechanisms involving
RANKUL-inducing mechanism which in turn directly promote osteoclastogenesis [4]. In
addition, estrogen deficiency can modulate the production of several cytokines by T-cells
such as TGF-B and [IFN-y [5]. Recent studies found that ovarictomy mice with T-
lymphocytes-deficient nude did not induce bone resorption, while the wild type of overctomy
mice with T-cells induce bone loos [6,7]. Osteoclast formation is controlled by appropriate
changes in osteoblast derived RANKL and osteoprotegerin (OPG) expression [8]. Resorptive
stimuli increase RANKL expression and decrease levels of the RANKL antagonist OPG [9].
This enables the initiation of osteoclast formation. Changes in immune status can disrupt this
balance and excessive osteoclastic bone loss which causes several disorders such rheumatoid
arthritis and osteomyelitis [10].

Genestein, daidzein and coumestrol are phytoestrogens (PEs) which are a diverse
group of plant derived compounds with a structure and function similar to oestradiol, have
been examined as an alternative therapeutic agent. Diets with high phytoestrogen content are
associated with a more robust skeleton [11,12]. Phytoestrogens directly inhibit the response of
osteoclast precursors to RANKL and TNF-a [13, 14, 15, 16], and genistein also reduce
osteoblast RANKL expression and elevate OPG [17]. Interestingly, phytoestrogens also
reduce lymphocytes number and activity for instance genistein and daidzein reduce T cells
number and thymus weight in ovariectomised mice [18, 19]. Cytokines such as TNF-a, IL-1
and IL-6 and RANKLS as well [20]. Thus, the anti-steoclastic action of phytoestrogens
involved in an inhibitory effect on T cells number and cytokine production. Furthermore,
Phytoestrogens that is found could further protect against post-menopausal bone loss through
the modulation of pro-inflammatory cytokines expression produced by T-cells. However the
effect of Zinc on T cell derived cytokines is not well established.

Zn deficiency was found to affect on the immune system function including increases
in proinflammatory cytokines in the patients. The previous study observed under Zn
deficiency, TNF-a and IL-1p expression in HL-60 cells via redox-mediated mechanism and
also recommended to use Zn supplemented as a treatment in several inflammatory diseases
[21] and TNF-o and IL-6 as well [22]; Zn that is found can modulate pro-inflammatory
cytokines expression via a mechanism involving effect on NF-«xB, a transcriptional gene is
important for the biosysnthesis of proinflammatory cytokines [22]. Moreover, a low level of
Zn was found after aging which can cause a disruption in in inflammatory response result in
several diseases including atherosclerosis [23]. Previously, zinc has been found induced
osteoblast differentiation, mineralization and bone matrix formation and reduced
RANKL/OPG ratio expressed by mature osteoblast [24] with the no effect on osteoclast
formation. Pro-inflammatory cytokines produced by T cells such as TNF-a and IL-1f play an
important role in osteoclast differentiation. However, zinc has no direct effect on osteoclast
formation but it may modulate T-produced pro-inflammatory cytokines involved in osteoclast
formation. Thus, the effect of zinc alone or in combination with PEs on cytokine expression
produced by T cells was not studied yet. Therefore this study investigated the effect of the
zinc alone or in combination with PEs on T cell-producing pro-inflammatory cytokines and
RANKL expression that promote bone resorption.
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Material and Methods

Media and reagents

Jurkat E6.1 T cells a human leukemic T cell line (ECACC ,UK) -cultured in phenol
red free RPMI medium supplemented with 10% foetal calf serum (Autogen Bioclear, UK) 2
mmol/l glutamine, 100 IU/ml benzylpenicillin and 100 mg/ml streptomycin. Culture
incubated at 37°C in 5% COz in a humidified incubator till using in experiments [25].
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Real time quantitative PCR analysis of inflammatory cytokine expression

T cells were cultured for four days with genistein (10°-10° M), daidzein (10°-10° M)
or coumestrol (10°-10° M) in the presence of Con A (10 pg/ml). Total RNA was extracted
and reversed transcribed with M-MLV reverse transcriptase, and real time-PCR performed on
a Step One PCR system (Applied Biosystems, UK) using the DNA-binding dye SYBR green
as a fluorophore. A total of 2 ul of external plasmid standard or cDNA was added to a final
reaction volume of 25 ul containing 0.05 U/ul Taq, SYBR green and specific primers (0.2
uM). Primers used are shown in (Table 1). The concentration of DNA plasmid stock was
determined by OD at 260 nm. The progress of the PCR amplification was monitored by real-
time fluorescence emitted from SYBR green during the extension time. Reaction conditions
were 94°C for two minutes, followed by 35 cycles of 94°C for 30 seconds, 60°C for 30
seconds and 72°C for 30 seconds. At the end of each PCR run a melt curve analysis was
performed to show the absence of non-specific bands. For each sample mRNA level was
expressed in comparison to control group normalized against B-actin. by the instrument’s
software. Samples were analysed in triplicate.
The data were analyzed based on the differences between the reference (control group) and
the treatment groups using a comparative Ct analysis according to the following formula:
ACt sample = Ct sample — Ct reference gene
AACt = ACt sample — ACt reference control
Amount of target (RQ) = 2 ~(44¢Y
Where Ct is a threshold cycle.

Results

This study found that TNF-a expression augmented in the presence of ConA while it
is decreased in the presence of Zn (Figure 1). Phytoestrogens compounds; genistein (10°-1077
M) (Figure 1A), coumestrol 10> M (Figure 1C) and daidzein (107, 107 M) (Figure 1B)
decreased TNF-a expression, however zinc significantly enhanced down-regulation of TNF-a
mRNA expression of PEs in dose-dependent manner; however, coumestrol at 10 and 107 M
in the presence of Zn increased this expression.

The expression of IL-1B was significantly increased by stimulated T-cells and this
expression is not affected in the presence of zinc alone or in combination with phytoestrogens
(Figure 2 A, B, C). However, zinc suppressed the stimulatory effect of daidzein (10 M) on
IL-1B expression (Figure 2B) and this concentration is similar to that decreased osteoclast
formation as found previously [15].

The effect of zinc on IL-6 expression was opposite to its effect on TNF-a and IL-1P
expression. IL-6 expression is significantly enhanced by stimulating T-cells while this
expression is not affected by zinc treatment alone (Figure 3). while the combination of zinc
and genistein (10°-10"M) decreased IL-6 production versus stimulated T-cells but still higher
than control group (Figure 3A), while the treatment of zinc and daidzein (10° M) decreased
the stimulatory effect of daidzein on IL-6 expression (Figure 3B) referring to the suppression
effect of zinc and no further effect on other concentrations but still lower in comparison to
control group. Similar effect had been shown with zinc in combination with coumestrol (10
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M) while the presence of zinc increased IL-6 expression with coumestrol (10 M) (Figure
30).

Genistein (10°-107 M) also decreased receptor activator of NFkB ligand (RANKL)
expression but this expression is more suppressed in the presence of zinc at all concentration
that is used in this study (Figure 4A). Moreover, coumetrol (10°-107 M) decreased RANKL
expression with higher levels in the presence of zinc than coumestrol alone (Figure 4C) refers
to the additional inhibitory effect of zinc on this expression which can modulate osteoclast
formation. In addition, daidzein at anti-osteoclastic dose (10°M) suppressed RANKL
expression in the presence of zinc due to the inhibitory effect of this element in combination
with PEs on RANKL expression (Figure 4B).

Discussion

T cells are evaluated to produce a wide range of pro and anti-inflammatory cytokines
that play a critical role in the initiation of inflammatory diseases such as rheumatoid arthritis
and post-menopausal bone resorption. TNF-a is a key cytokine that trigger osteoclast
differentiation. Several studies found that osteoclastogenic cytokines -producing T cell plays
an important role in the progression of osteoporosis [26] such as TNF-a, IL-1p, IL-6 and
RANKL and the latest expressed on T-cell surface and all of these factors can induce
osteoclast formation. Accumulated observations determined the implication of T-cells in
inducing bone loss after menopause due to the absence of estrogen [27,19,28]. Furthermore, it
was found that after aging the function of lymphocytes was increased which associated with
high levels of proinflammatory cytokines [23]. In addition, it was found that T-cells are
implicated in bone resorption and disorders due to its ability to produce RANKL on its
surface that plays an important role in osteoclast formation.

Previous study found that PEs alone reduced TNF-a, IL-1B, IL-6 and RANKL
expression by T-cells, while in opposite way increased osteoblast differentiation [20, 24].
Moreover, zinc has been shown to induce osteoblast differentiation and bone matrix formation
alone or in combination with PEs [24]. Thus, this study aimed to determine if any further
effect of zinc on T-cells; the current study revealed that zinc can reduce bone resorption
through effect on pro-inflammatory cytokines and RANKL expression in T cells that promote
osteoclastogenesis. This study found a direct effect of zinc alone on the cytokines expression
especially on TNF-a and RANKL; moreover PEs compounds that are used in this study
reduced the expression of theses cytokines while the addition of zinc enhanced the inhibitory
effect of PEs on the mRNA expression of the examined cytokines.

Zinc significantly showed an augmentative effect on the suppressive effect of genistein,
daidzein and coumestrol on the mRNA expression of proinflammatory cytokines-producing T
cells including TNF-a, IL-1p and IL-6 which are trigger osteoclast differentiation in dose-
dependent manner and this is consistent with previous study that found T cells enhanced the
production of pro-inflammatory cytokines that induces bone loss after inducing osteoclast
formation [29].

In addition, the results of this study showed that ConA did not induce RANKL
expression significantly versus control group, although the results revealed that zinc alone
suppressed RANKL expression induced by stimulated T-cells with ConA and in comparison
to control group. The inhibitory effect of genistein, daidzein and coumestrol on TNF-a and
RANKL mRNA expression was significantly enhanced in the presence of zinc, while there is
no further effect has been shown on IL-1B and IL-6 expression, and all of the results
conducted that the main mechanism that mediated the synergistic effect of zinc with Pes
including increases the anti-osteoclastic action of PEs through decrease TNF-o and RANKL
expression; main keys that switch on osteoclast differentiation. However, the high levels of
IL-6 induced by daidzein were reduced in the presence of zinc and this included a new effect
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of daidzein on IL-6 expression that also could trigger osteoclast formation, and no effect of
zinc was seen on IL-1p at all.

This study observed the synergistic effect of zinc with PEs that reduced the level
expression of osteoclastogenic cytokines-producing T cells which in turn decrease osteoclast
formation; moreover, zinc alone reduced the expression of TNF and RANKL and thus it is
could participate partially to reduce osteoclast formation and bone resorption.
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Figure (1): The synergistic effect of zinc with phytoestrogens (PEs) compounds A:
genestein, B: daidzein, C: coumestrol on TNF-a gene expression. * Values are
significantly different (P<0.05) from phytoestrogens treatment alone.
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Figure (2): The synergistic effect of zinc with phytoestrogens (PEs) compounds A:
genestein, B: daidzein, C: coumestrol on IL-1P gene expression. * Values are
significantly different (P<0.05) from phytoestrogens treatment alone.
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Figure (3): The synergistic effect of zinc with phytoestrogens (PEs) compounds A:
genestein, B: daidzein, C: coumestrol on IL-6 gene expression. * Values are significantly
different (P<0.05) from phytoestrogens treatment alone.
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Figure (4): The synergistic effect of zinc with phytoestrogens (PEs) compounds A:
genestein, B: daidzein, C: coumestrol on receptor activator oof NFkB ligand (RANKL)

gene expression. * Values are significantly different (P<0.05) from phytoestrogens
treatment alone.

Biology | 21



2016 ole (2) 222l 29 aladll
Ibn Al-Haitham J. for Pure & Appl. Sci.

Al 5 26 peall ol el (4] Alae

VYol. 29 (2) 2016

4 9lad) il gh) U A il g J g e oS ¢Cpiaiad) aa Glijl (o 3Ll LAY

alaad) AL cpdadi yall LIS (5 96i) Jaladl o) o Jadiial) Julienall a9 olgaD Aoyl
R s

Sany Aaala caligl) Gol/Ad juall o glall 4y il LIS /5Lal) o sle and
2016 S35 : A B ¢ 2016 A ¢ sils12: b aliad

-

4LadAl

day alaall A QS il g i gulall ae 40030300 yualiall (e JST g3l cilusd all (e S0 iy
O caldamdl (6805 A 3 ) (8 Slaa g i el 4y 58l 3 )38l (e 2 4d) a9 ) pualiall 638 aal (e laal g eli 3l
Al A€l Tl adl el 3 C3alalls O i oS epfisinll e i3l puaiad (5 il
Sl 5 sias sl S s g 02 ey Sl O Aul,all Gy Y1 aad 2804 28 8 RANKL s el
IL- U 8 4ndi il s 5 Laisy TNF-0 z Y i 5 yias siall ki) LGN e 315 43 Gand) 3 Aleriosdl)
a5 508l 8 50l 3 Ll TL-6 s sl sl il cp B cyinsinl) e 31 (i Lm0 e a1
i3l o) Al Al )l (e it de jall Jle adins Jaus 3 RANKL U il il e ilia g jin giall
152 535 U5 g A3l A8 ol T 51 i) el Jagis (po 915 i i 5N LS 0 e 51 03 50y
Al a5 (e JEy ) Sae Lguany g yualiall s J5l ol 5 aldaall Aol 8 Lags
el A5l A jall Jaila sl Al LAY ecilina ¢y gblal) el 1) sdgalidal) cilalll)

Biology | 22



