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Abstract: To determine whether green teen polyphenol (GTP) ameliorated the premature senescent and osteoporo-
sis phenotype of Bmi-1-/- mice, we paired with littermates Bmi-1+/- between male and female mice, taken from the 
littermate mice. In vivo, the mice were divided into 3 groups and treated as following: 1) wild type (WT) mice with nor-
mal diet; 2) Bmi1-/- (BKO) mice with normal diet; 3) Bmi1-/- mice with GTP-supplemented diet (BKO+GTP) (400 mg/kg 
body weight/day in the drinking water). Analysis of their phenotypic differences from the whole, X-ray, morphology, 
protein, histochemistry and cell biology respectively, to elucidate the roles and mechanisms of GTP in premature ag-
ing and osteoporosis phenotype of Bmi-1-/- mice. Our results demonstrated that Bmi-1 deficiency resulted in growth 
retardation, premature aging and osteoporosis. We also demonstrated that these typical aging and osteoporosis 
phenotypes in Bmi-1-deficient mice were largely rescued by GTP through increased proliferation and decreased 
apoptosis, promoted skeletal growth and development, increased osteoblastic bone formation, decreased osteo-
clastic bone resorption and senescence-associated molecules, down-regulating oxidative stress of multiple organs, 
expressing antioxidase in Bmi-1-/- mice. These findings implied that green tea will be a novel therapeutic way to delay 
aging and prevent aging-associated osteoporosis.
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Introduction

Aging is an inevitable physiological change. It is 
a multifactorial process characterized by a pro-
gressive loss of physiological integrity that 
leads to impaired function and increased vul-
nerability to death [1]. Hallmarks of senescent 
cells include cellular DNA damage, mitochon-
drial dysfunction leading to increased reactive 
oxygen species (ROS) and decreased ATP, the 
production of proinflammatory cytokines, telo-
mere shortening, the trigger of stem cell deple-
tion and cell senescense [2]. As a representa-
tive and primary theory about senescence, the 
oxygen free radical hypothesis proposes that 
ROS attack cellular components and initiate 
and promote aging-associated degenerative 
diseases [3, 4]. Oxidative stress damages cells, 
tissues and organs by causing imbalance 
between ROS generation and antioxidant 
defense, contributing to the aging process [5]. 

Superoxide dismutase and catalase are key 
antioxidant enzymes that reduce O2

- to H2O2 
and water, delaying aging [6].

Osteoporosis, a degenerative skeletal disorder, 
is characterized by low bone mass and microar-
chitectural deterioration of bone tissue that 
results in compromised bone strength and 
increased risk of fractures [7]. Among different 
types of fractures, hip fracture is the most 
severe consequence of osteoporosis, leading to 
reduced activities of daily living, lowered quality 
of life, and increased mortality [8]. As the popu-
lation ages worldwide, the increased life expec-
tancy is accompanied with a higher prevalence 
of osteoporosis in the elderly population, such 
that osteoporosis has become a serious health 
concern in many countries [8, 9]. For example, 
in the United States, it is estimated that by 
2020, there will be 61 million women and men 
aged 50 affected by osteoporosis or low bone 
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mass [3]; by 2025, the cost of osteoporosis-
related expenses is projected to increase to 
$25.3 billion [10].

B cell-specific Moloney MLV insertion site-1 
(Bmi-1) belongs to the polycomb group (PcG) 
genes, which are transcriptional repressors 
that are essential for the maintenance of appro-
priate gene expression patterns during devel-
opment [11] is involved in cell cycle regulation, 
self-renewal of stem cells and cell senescence 
[12, 13]. It is well established that not only dele-
tion of Bmi-1 prematurely produces a typical 
osteoporotic phenotype, but also Bmi-1-/- mice 
exhibit a total body premature aging phenotype 
[13]. Protection against oxidative stress and 
apoptosis emerges as an important Bmi1-
downstream pathway as well, either by reduc-
ing P53 levels via Bmi-1-mediated repression 
of the INK4a/Arf locus or via modulation of the 
oxidative stress response in an INK4a/Arf-
independent manner. In Bmi1-/- mice, the 
increase in ROS coincided with an increase in 
DNA damage and an activation of the DNA 
damage repair pathways, and treatment with 
NAC or targeting of CHK2 at least partially 
restored some of the phenotypes [14].

Tea, the dried leaves of the plant Camellia 
sinensis species of the Theaceae family, is one 
of the most widely consumed beverages in the 
world with a production of 4.52 million tons in 
2010, including black tea (78%) in Western 
countries, green tea (20%) in Asian countries, 
and oolong tea (2%) in southern China [15]. Tea 
is an important source of dietary flavonoids, 
especially flavanols, and it has been associated 
with protecting against bone loss and reducing 
risk of fractures. 

Evidence from these in vitro studies suggests 
that tea polyphenolsmay benefit bone health by 
enhancing osteoblastogenesis and suppress-
ing osteoclastogenesis through modulation of 
growth factors, cytokines, and chemokines and 
their receptors Theaflavins are the major poly-
phenols in black tea and are composed princi-
pally of theaflavin, theaflavin-3-gallate, thea-
flavin-3’-gallate, and theaflavin-3, 3’-gallate 
[16]. Oka et al recently showed that theafla-
vin-3, 3-gallate inhibits the formation and dif-
ferentiation of osteoclasts via suppression of 
matrix metalloproteinases [17].

Compared with black tea, there are many more 
studies showing a positive impact of green tea 

on bone health. Green tea polyphenol (GTP), 
including epigallocatechin-3-gallate (EGCG; the 
most abundant polyphenol in green tea), epigal-
locatechin, epicatechin-3-gallate (ECG), epicat-
echin, and catechins [18]. In vitro studies have 
shown the antiresorptive properties of green 
tea’s bioactive components through increasing 
apoptosis of osteoclasts, suppression of osteo-
clast formation, and inhibition of bone re-sorp-
tion. For instance, EGCG enhances osteoclastic 
cell death through the Fenton reaction and cas-
pase-3 activation [19, 20]. EGCG suppresses 
osteoclast formation by inhibiting the expres-
sion of matrix metalloproteinase-9 in osteo-
blasts [17, 21]. EGCG inhibits bone resorption 
via inhibition of IL-6 production or suppression 
of p44/p42 MAP kinase activation [22, 23]. 
EGCG sup-presses osteoclastic differentiation 
via downregulation of the receptor activator of 
NF-κB ligand (RANKL)-induced expression of 
the nuclear transcription factor of activated T 
cells c1, thus blocking differentiation of mono-
cytes into osteoclasts, followed by decreased 
bone resorption [24, 25]. EGCG has also been 
shown to block RANKL signaling by suppressing 
RANKL-induced NF-κB transcription activity, a 
pathway essential to osteoclastogenesis [26]. 

Green tea’s bioactive components have also 
been shown to benefit osteoblastogenesis by 
increasing osteoblastic survival, proliferation, 
differentiation, and mineralization. Observa- 
tions from in vitro studies support such stimu- 
latory effects of EGCG on osteoblastogenesis. 
However, it is unclear whether green teen delay 
aging and prevent aging-associated degenera-
tive diseases by migrating into organs and 
maintaining redox balance.

To investigate the potential of green tea, in the 
present study, we utilize Bmi-1 knockout mice 
induced typical premature senescent and os- 
teoporosis phenotype. We hypothesize whether 
green tea could rescue deletion of Bmi-1 
induced the phenotype premature senescence 
and osteoporosis through anti-oxidative stress 
pathway.

Materials and methods

Mice and genotyping

The Bmi-1 heterozygote (Bmi-1+/-) mice (129Ola/
FVB/N hybrid back-ground) were backcrossed 
10-12 times to the C57BL/6J background and 
mated to generate Bmi-1 homozygote (Bmi-1-/-) 
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and their wild-type (WT) littermates genotyped 
by PCR, as described previously [13, 27]. Mice 
were maintained in the Experimental Animal 
Center of Nanjing Medical University. This study 
was carried out in strict accordance with the 
guidelines of the Institute for Laboratory Animal 
Research of Nanjing Medical University. The 
protocol was approved by the Committee on 
the Ethics of Animal Experiments of Nanjing 
Medical University.

Animals treatment and supplementary of 
green tea polyphenol (GTP)

Purified GTP was made in Golden Green 
Biological Technology Co., Ltd., Xian, China. In 
vivo, animals were divided into 3 groups of 6 
mice each and treated as following:

1) Normal diet (WT) group: 3-week weaning lit-
termate wild type mice were fed normal diet for 
4 weeks. 2) Normal diet (BKO) group: 3-week 
weaning littermate Bmi-1 knockout mice were 
fed normal diet for 4 weeks. 3) Supplementation 
of GTP (BKO+GTP) group: 3-week weaning lit-
termate Bmi-1 knockout mice were fed Su- 
pplementation of GTP (400 mg/kg body weight/
day in the drinking water) for 4 weeks [28]. 

Seven weeks later, 3 groups of 6 mice each 
were sacrificed for further analysis. 

Analysis of mice phenotype, percent survival, 
and body weight

In order to investigate the effect of GTP on Bmi-
1-/- mice total body, In vivo, other animals were 
divided into 3 groups of 6 mice (WT, BKO, 
BKO+GTP). We carried out statistic analysis of 
phenotype, body weight, and percent survival 
in different groups mice respectively.

Radiography

Tibiae were removed and dissected free of soft 
tissue. Contact radiographs were taken using a 
Faxitron model 805 radiographic inspection 
system (Faxitron Contact, Faxitron, Ethican, 
Norderstedt, Germany) (22 kV voltage and 4 
min exposure time). X-Omat TL film (Eastman 
Kodak Co.) was used and processed routinely.

Histology

Tibiae were removed and fixed in PLP fixative 
(2% paraformaldehyde containing 0.075 M ly- 
sine and 0.01 M sodium periodate) overnight  

at 4°C, and processed histologically as des- 
cribed [29]. Proximal ends of tibiae were decal-
cified in EDTA glycerol solution for 5-7 days at 
4°C. Decalcified samples were dehydrated and 
embedded in paraffin, and 5 μm sections were 
cut on a rotary microtome. The sections were 
stained with Hematoxylin and Eosin (HE), or his-
tochemically for total collagen (TCOL), alkaline 
phosphatase (ALP) activity or tartrate-resistant 
acid phosphatase (TRAP), or immunohisto-
chemically as described below.

Histochemical staining for collagen, ALP and 
TRAP

Total collagen was detected in paraffin-embed-
ded sections using a modified method of Lopez-
De Leon and Rojkind [30]. Dewaxed sections 
were exposed to 1% Sirius Red in saturated pic-
ric acid for 1 hour. After washing with distilled 
water, the sections were counterstained with 
Hematoxylin and mounted with Biomount medi-
um (Canemco, Quebec, Canada).

Enzyme histochemistry for ALP activity was per-
formed as described [31]. Briefly, following pre-
incubation overnight in 100 mM MgCl2 in 100 
mM Tris-maleate buffer (pH 9.2), dewaxed sec-
tions were incubated for 2 hours at room tem-
perature in 100 mM Tris-maleate buffer con-
taining naphthol AS-MX phosphate (0.2 mg/ml, 
dissolved in ethylene glycol monomethyl ether, 
both Sigma) as substrate and Fast Red TR (0.4 
mg/ml, Sigma) as a stain for the reaction prod-
uct. After washing with distilled water, the sec-
tions were counterstained with Vector Methyl 
Green nuclear counterstain (Vector Labora- 
tories, Burlington, Ontario, Canada) and mount-
ed with Kaiser’s glycerol jelly.

Enzyme histochemistry for TRAP was per-
formed using a modification of a previously 
described protocol [32]. Dewaxed sections 
were preincubated for 20 minutes in buffer 
containing 50 mM sodium acetate and 40 mM 
sodium tartrate (pH 5.0). Sections were then 
incubated for 15 minutes at room temperature 
in the same buffer containing 2.5 mg/ml naph-
thol AS-MX phosphate in dimethylformamide 
as substrate and 0.5 mg/ml Fast Garnet GBC 
(Sigma) as a color indicator for the reaction 
product. After washing with distilled water, the 
sections were counterstained with Methyl 
Green and mounted in Kaiser’s glycerol jelly.
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β-gal staining and immunohistochemical stain-
ing

Pre-embedding senescence-associated-b-gal 
(SA-b-gal), was performed following previously 
described methods [33]. Immunohistochemical 
staining was carried out for type Ι collagen 
(Ι-COL) using the avidin-biotin-peroxidase com-
plex technique with affinity-purified goat anti-
rabbit Ι-COL antibody (Southern Biotech, Bir- 
mingham, AL, USA) as described previously 
[33]. Briefly, dewaxed and rehydrate paraffin-
embedded sections were incubated with meth-
anol-hydrogen peroxide (1:10) to block endoge-
nous peroxidase activity and then washed in 
Tris-buffered saline (pH 7.6). The slides were 
then incubated with the primary antibodies 
overnight at room temperature. After rinsing 
with Tris-buffered saline for 15 min, sections 
were incubated with biotinylated secondary 
antibody (Sigma, St. Louis, MO, USA). Sections 
were then washed and incubated with the 
Vectastain Elite ABC reagent (Vector Labo- 
ratories, Burlington, Canada) for 45 min. After 
washing, brown pigmentation was likewise pro-
duced using 3,3-diaminobenzidine (DAB). Fi- 
nally, the stained sections were counterstained 
with H&E staining. Images were acquired with a 
Leica microscope (Leica DM4000B, Solms, 
German) equipped with Leica software.

Quantitative real-time PCR

RNA was isolated from mouse tibiae using Trizol 
reagent (Invitrogen, CA, USA) according to the 
manufacturer’s protocol. Reverse transcription 
reactions were performed using the SuperScript 
First-Strand Synthesis System (Invitrogen, CA, 
USA) as described [34]. To determine the num-
ber of cDNA molecules in the reverse-tran-
scribed samples, real-time PCR analyses were 
performed using the LightCycler system (Roche, 
Indianapolis, IN, USA). PCR was performed 
using 2 μL Light-Cycler DNA Master SYBR Green 
I (Roche, Indianapolis, IN, USA), 12.5 μL of reac-
tion mixture, 2 μL of each 5’ and 3’ primer, 2 μL 
samples and then H2O was added to a final vol-
ume of 25 μL. Samples were denatured at 
95°C for 10 seconds, with a temperature tran-
sition rate of 20°C per sec. Amplification and 
fluorescence determination were carried out in 
four steps: denaturation at 95°C for 1 second, 
with a temperature transition rate of 20°C/sec; 
annealing for 5 seconds, with a temperature 
transition rate of 8°C/sec; extension at 72°C 

for 20 seconds, with a temperature transition 
rate of 4°C/sec; and detection of SYBR Green 
fluorescence, which reflects the amount of dou-
ble-stranded DNA, at 86°C for 3 seconds. The 
amplification cycle number was 35. To discrimi-
nate specific from nonspecific cDNA products, 
a melting curve was obtained at the end of 
each run. Products were denatured at 95°C for 
3 seconds, and the temperature was then 
decreased to 58°C for 15 seconds and raised 
slowly from 58 to 95°C using a temperature 
transition rate of 0.1°C/sec. To determine the 
number of copies of the targeted DNA in the 
samples, purified PCR fragments of known con-
centrations were serially diluted and served as 
external standards that were measured in each 
experiment. Data were normalized with GAPDH 
levels in the samples. The primer sequences 
used for the real-time PCR were as described 
[35].

Western blot analysis

Proteins were extracted from femur, lung, 
spleen, skin and quantitated by a kit (Bio-Rad, 
Mississauga, Ontario, Canada). Protein sam-
ples were fractionated by SDS-PAGE and trans-
ferred to nitro-cellulose membranes. Western 
blot was carried out as described previously 
[35] using antibodies against RunX2 (goat anti-
mouse, M-156, Santa Cruz Biotechnology, 
USA), Sirt1 (goat anti-mouse, Santa Cruz 
Biotechnology, USA), Prdx1 (goat anti-rabbit, 
Abcam, UK), SOD1 (goat anti-rabbit, Abcam, 
UK), p53 (goat anti-mouse, Cell Signal, China), 
Bcl-2 (goat anti-rabbit, Abcam, UK), PTEN and 
Caspase-3 (goat anti-mouse, Santa Cruz, CA, 
USA), and actin (goat anti-rabbit, Santa Cruz 
Biotechnology, USA). Bands were visualized 
using enhanced chemiluminescence (ECL, 
Amersham) and quantitated by Scion Image 
Beta 4.02 (Scion Corporation, Bethesda, MD, 
USA).

Computer-assisted image analysis

After H&E staining or histochemical or immuno-
histochemical staining of sections from 3 
groups of 6 mice each, images of interested 
fields were photographed with a SONY digital 
camera. Images of micrographs from single 
section were digitally recorded using a rectan-
gular template, and recordings were processed 
and analyzed using Northern Eclipse image 
analysis software as described previously [13].
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Statistic analysis

All data were expressed as mean ± standard 
error. Statistical analysis of numeration data 
were performed using analysis of χ2 text, while 
statistical analyses of measurement data were 
performed using analysis of student’s t-test. 
The significance level was set at P<0.05.

Results

Effects of GTP on premature aging phenotype 
in Bmi-1-/- mice 

To investigate whether GTP-supplemented diet 
could rescue Bmi-1-/- mice premature aging 
phenotype, we performed statistic analysis of 
phenotype, body weight, and percent survival 
in different groups mice respectively. As shown 
in Figure 1A-C, compared with normal diet 
feeding only (WT) mice, BKO mice with normal 
diet significantly showed a premature aging 
phenotype, body weight loss, and shortened 
percent survival. Whereas BKO mice with GTP-
supplemented diet didn’t rescue total body size 

body weight, however, prolonged percent sur-
vival compared to BKO mice with normal diet. 
These data support that GTP-supplemented 
diet could significantly prolong percent survival 
in Bmi-1-/- mice compared with normal diet.

Effects of GTP on tibiae growth and develop-
ment, osteoblastic bone formation and osteo-
clastic bone resorption in Bmi-1-/- mice

To assess the effect of GTP on postnatal skel-
etal growth and development, osteoblastic 
bone formation and osteoclastic bone resorp-
tion in Bmi-1-/- mice, long bones were analyzed 
at 7 weeks of ages by radiography (Figure 2A). 
The lengths of femurs were shorter in Bmi-1-/- 

mice than in their wild-type littermates , but lon-
ger in the BKO+GTP mice than in Bmi-1-/- mice 
(see Figure 2A). Radiolucency was greater in 
BKO+GTP mice relative to Bmi-1-/- mice (see 
Figure 2A). Consistent with radiography analy-
sis, histologic analysis of TCOL demonstrated 
that trabecular bone volume was reduced sig-
nificantly in Bmi-1-/- mice compared with their 
wild-type littermates, however increased signif-

Figure 1. Effects of PQQ on phenotype, body 
weight, percent survival in BKO mice. A. Ef-
fects of GTP-supplemented diet on BKO mice 
size. B. Effects of GTP-supplemented diet on 
BKO mice body weight. C. Effects of GTP-sup-
plemented diet on BKO mice percent survival.
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icantly in the BKO+GTP mice than in Bmi-1-/- 
mice (see Figure 2B). These results indicate 
that GTP could partially rescue skeletal growth 
retardation and premature osteoporosis. To 
determine whether GTP rescued the phenotype 
of premature osteoporosis associated with 
osteoblastic bone formation and osteoclastic 
bone resorption, the number of osteoblasts, 
ALP activity in osteoblasts, type I collagen 

deposition in bone matrix, and TRAP activity in 
osteoclasts were examined by H&E staining 
(Figure 2C), histochemical staining for ALP 
(Figure 2D), immunostaining for type I collagen 
(Figure 2E), and histochemical staining for 
TRAP (Figure 2F), respectively. The number of 
osteoblasts, ALP and type I collagen positive 
area in the metaphyeal region, in both endos-
teum and trabeculae were increased signifi-

Figure 2. Effects of GTP on tibiae growth and development, osteoblastic bone formation and osteoclastic bone re-
sorption in Bmi-1-/- mice. A. Representative contact radiographs of the femurs of wild-type (WT), Bmi-1-/- mice (BKO) 
and BKO+GTP mice; B. Representative micrographs of the proximal ends of tibiae from WT, BKO and BKO+GTP 
mice stained histochemically for total collagen; C. Representative micrographs of tibial sections from WT, BKO and 
BKO+GTP mice stained with H&E; D. Representative micrographs of tibial sections from WT, BKO and BKO+GTP 
mice stained histochemically for alkaline phosphatase (ALP); E. Representative micrographs of tibial sections from 
WT, BKO and BKO+GTP mice stained with immunostained for type I collagen (Col I); F. Representative micrographs 
of tibial sections from WT, BKO and BKO+GTP mice stained histochemically for tartrate-resistant acid phosphatase 
activity (TRAP). Each value is the mean ± SEM of determinations in six animals of the same groups. *, P<0.05; **, 
P<0.01; ***, P<0.001, compared with WT mice; #, P<0.05; ##, P<0.01; ###, P<0.001, compared with BKO mice. 
Number of positive osteoblasts (N.Ob/B.Pm (#/mm). Percent ratio of positive areas osteoblasts (Ob.S/B.S (%)). 
Number of TRAP-positive osteoclasts (N.Oc/B.Pm, #/mm). Surface of TRAP-positive osteoclasts (Oc.S/B.S, %). 
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cantly in BKO+GTP mice than in Bmi-1-/- mice 
(see Figure 2A-E). However, the number of 
osteoclasts were decreased significantly in 
BKO+GTP mice than in Bmi-1-/- mice (see Figure 
2F). The results indicated that GTP partially res-
cued premature osteoporosis associated with 
osteoblastic bone formation and osteoclastic 
bone resorption.

Effects of GTP on the expression of femur 
antioxidant proteins in Bmi-1-/- mice

To determine whether GTP increased osteo-
blasts and decreased osteoclasts associated 
with alterations of Runx2, Sirt1, Prdx1, SOD1 
and Bcl-2 expression, respectively. Proteins 
were isolated from femur, and Western blots 
were performed (see Figure 3A). Results 
showed that the expression levels of Runx2, 
Sirt1, Prdx1, SOD1 and Bcl-2 were all up-regu-
lated (see Figure 3B-F). From the above results, 

Figure 3. Effects of GTP on the expression of antioxidant proteins in Bmi-1-/- mice. (A) Western blots of femur ex-
tracts from wild-type (WT), Bmi-1-/- mice (BKO) and BKO+GTP mice for expression of Runx2, Sirt1, Prdx1, SOD1, 
Bcl-2. actin was used as loading control for Western blots. (B) Runx2, (C) Sirt1, (D) Prdx1, (E) SOD1 and (F) Bcl-2 
protein levels relative to actin level were assessed by densitometric analysis and expressed relative to levels of WT 
and BKO mice. Each value is the mean ± SEM of determinations in six animals of the same genotype. *, P<0.05; **, 
P<0.01; ***, P<0.001, compared with WT mice; #, P<0.05; ##, P<0.01; ###, P<0.001, compared with BKO mice.

Figure 4. Effects of GTP on oxidative stress related 
genes in Bmi-1-/- mice. Glutathione reductase (GSR), 
Txn1, Txnrd1, Glutathione peroxidase 1 (Gpx1), 
GPX4, SOD1 and SOD2 mRNA relative levels in hu-
merus demonstrated by real-time RT-PCR, calculated 
as a ratio to GAPDH mRNA, expressed relative to WT. 
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we found that the core transcription factor 
Runx2, bone marrow mesenchymal stem cells, 
a key gene for bone formation, was necessary 
to bone differentiation and bone development. 
Sirt1, promoted osteoblast differentiation ge- 
ne, Prdx1, peroxidase gene, superoxide dis-
mutase (SOD1) and antiapoptotic gene Bcl-2 
after giving GTP have a tendency to increase. 
The results indicated that GTP could play bone 
formation and antioxidant roles in Bmi-1-/-  
mice.

Effects of GTP on oxidative stress related 
genes in Bmi-1-/- mice 

To determine whether GTP increased osteo-
blasts and decreased osteoclasts associated 
with alterations of GSR, Txn1, Txnrd1, Gpx1, 
GPX4, SOD1 and SOD2 mRNA relative levels 
expression, respectively. RNA were extracted 
from humerus, and real-time RT-PCR were per-
formed (see Figure 4). From the above results, 
we found that supplementation of GTP in- 
creased GSR, SOD1 and SOD2 mRNA relative 
levels. The results showed that GTP rescued 
Bmi-1-/- mice bone phenotypes through up-reg-
ulating some antioxidant gene.

Effects of GTP on Bmi-1 deficient-induced pro-
apoptosis and aging in Bmi-1-/- mice

To determine whether GTP ameliorated Bmi-1 
deficient-induced proapoptosis and aging, kid-

ney and spleen were analyzed at 7 weeks of 
ages by SA-b-gal and stained histochemically 
for total collagen (see Figure 5A-C). From the 
above results, GTP reduced age-related beta 
galactose glucoside enzyme positive areas 
from kidney and spleen compared to BKO mice. 
T-col positive areas was reduced in kidney and 
renal fibrosis was reduced in BKO+GTP mice. 
This results showed that GTP played anti-aging 
roles of kidney and spleen in Bmi-1-/- mice.

Effects of GTP on proliferation, aging and 
apoptosis of lung in Bmi-1-/- mice

To determine whether GTP played proliferation, 
anti-aging and anti-apoptosis of lung in wild-
type (WT), Bmi-1-/- mice (BKO) and BKO+GTP 
mice, Proteins were isolated from lung at 7 
weeks of ages, and Western blots were per-
formed (see Figure 6A). Results showed that 
the expression levels of PTEN and Bcl-2 were 
up-regulated, however, p53 was down-regulat-
ed (see Figure 6B-D). The results showed that 
GTP played anti-apoptosis and anti-aging roles 
of lung in Bmi-1-/- mice.

Effects of GTP on proliferation, apoptosis and 
aging of speen in Bmi-1-/- mice

To determine whether GTP played proliferation, 
anti-apoptosis and anti-aging of speen in wild-
type (WT), Bmi-1-/- mice (BKO) and BKO+GTP 
mice, Proteins were isolated from speen at 7 

Figure 5. Bmi-1 deficient-induced proapoptosis and aging were ameliorated by GTP treatment in Bmi-1-/- mice. A and 
B. Senescence-associated-b-galactosidase (SA-b-gal) of kidney and spleen in wild-type (WT), Bmi-1-/- mice (BKO) and 
BKO+GTP mice; C. Representative micrographs of kidney from WT, BKO and BKO+GTP mice stained histochemically 
for total collagen. 



Green teen polyphenol plays a role in Bmi-1-/- mice

3773 Int J Clin Exp Pathol 2017;10(3):3765-3777

weeks of ages, and Western blots were per-
formed (see Figure 7A). Results showed that 
the expression level of Bcl-2 were up-regulated, 
however, PTEN and caspase3 were down-regu-
lated (see Figure 7B-D). The results showed 
that GTP partially played anti-apoptosis and 
anti-aging roles of speen in Bmi-1-/- mice.

Effects of GTP on the expression of antioxidant 
proteins of skin in Bmi-1-/- mice

To determine whether GTP prolonged skin aging 
associated with alterations of SOD1 and Bcl-2 
expression, respectively. Proteins were isolated 
from skin, and Western blots were performed 
(see Figure 8A). Results showed that the 
expression levels of SOD1 and Bcl-2 were all 
up-regulated (see Figure 8B, 8C). From the 
above results, we found that peroxidase gene, 
superoxide dismutase (SOD1) and antiapoptot-
ic gene Bcl-2 after giving GTP have a tendency 
to increase. The results showed that GTP par-
tially played anti-apoptosis and anti-aging ro- 
les of skin by up-regulating antioxidant ability in 
Bmi-1-/- mice.

In this study, we demonstrated that Bmi-1 defi-
ciency resulted in growth retardation and pre-
mature aging because of decreased prolifera-
tion and increased apoptosis, impaired skeletal 
growth and development and premature os- 
teoporosis associated with decreased osteo-
blastic bone formation, increased osteoblastic 
bone resorption and up-regulated senescence-
associated molecules, and increased oxidative 
stress and DNA damage of multiple organs. Our 
results also demonstrated that these typical 
aging and osteoporosis phenotypes in Bmi-1-
deficient mice were largely rescued by green 
teen polyphenols (GTP) through anti-aging, 
anti-apoptosis, proliferating, expressing antiox-
idase in Bmi-1-/- transplant recipients. These 
findings indicated that GTP had preventative 
and therapeutic potential for aging and aging-
associated degenerative diseases such as 
osteoporosis.

Bmi-1, derived from the polycomb family, inhib-
its space-specific and time-specific expression 
of the Hox gene in growth and development. 
Bmi-1 systematic deficiency leads to shortened 

Figure 6. Effects of GTP on proliferation, aging and apoptosis of lung in Bmi-
1-/- mice. (A) Western blots of lung extracts from wild-type (WT), Bmi-1-/- mice 
(BKO) and BKO+GTP mice for expression of PTEN, p53, Bcl-2. actin was used 
as loading control for Western blots. (B) PTEN, (C) p53, (D) Bcl-2 protein levels 
relative to actin level were assessed by densitometric analysis and expressed 
relative to levels of WT and BKO mice. Each value is the mean ± SEM of deter-
minations in six animals of the same genotype. *, P<0.05; **, P<0.01; ***, 
P<0.001, compared with WT mice; #, P<0.05; ##, P<0.01; ###, P<0.001, 
compared with BKO mice.

Discussion

Osteoporosis is the result of 
an imbalance in the ratio with 
more resorption than forma-
tion. Enhancing the activity of 
osteoblasts, plus reducing 
that of the osteoclasts, may 
help restore the balance in 
bone metabolism and limit 
bone loss in the development 
of osteoporosis. There is mo- 
unting evidence that green 
tea contains many bioactive 
ingredients that support so- 
me protection against osteo-
porosis. This is supported by 
data from in vitro, ex vivo, and 
in vivo animal studies and 
human epidemiological find-
ings. The beneficial effects of 
tea bioactive products seem 
to be mediated through anti-
oxidant or anti-inflammatory 
pathways and their related 
signaling pathways in the var-
ious cells that comprised 
bone compartments.
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life span and growth retardation [12, 13]. 
Consistent with these results, we found that 
Bmi-1 deficiency led to shortened survival 
rates, and decreased body weight and overall 
size of the body, spleen and kidney. We found 
that GTP prolonged survival, increased overall 
sizes of spleen and kidney directly by promoting 
cell proliferation and inhibiting cell apoptosis in 
Bmi-1 deficient mice. Thus, GTP rescued the 
shortened life span and growth retardation  
in a model of systematic senescence and 
osteoporosis.

Our previous results demonstrated that Bmi-1 
deficiency leads to aging-associated os-teopo-
rosis, as determined by down-regulated self-
renewal capacity of bone marrow mesenchy-
mal stem cells [13]. The study has evidence 
suggesting that GTP significantly slow the loss 
of bone density and prolong the life span of 
Bmi-1-/- mice. Results from this study indicate 
that GTP rescued aging-associated osteoporo-
sis by promoting osteogenesis and inhibiting 
apoptosis.

Both osteoblastic and osteoclastic cells regu-
late bone metabolism, and both cell types are 

[36]. Imbalance between bone formation and 
bone resorption is the key pathophysiological 
event in many metabolic bone disorders in 
adult humans, including osteoporosis, a result 
of bone loss [43].

Oxidative stress is a pivotal pathogenic factor 
for age-related bone loss inmice and rats [44-
46], leading to an increase in osteoblast and 
osteocyte apoptosis, among other changes, 
and a decrease in osteoblast numbers and the 
rate of bone formation via Wnt/β-catenin sig-
naling [45]. Recent studies showed that oxida-
tive stress inhibited osteoblastic differentiation 
[47, 48] via extracellular signal-regulated kinas-
es (ERKs) and ERK-dependent NF-κB signaling 
pathways [49]. Osteoblasts can produce anti-
oxidants, such as glutathione peroxidase, to 
protect against reactive oxygen species (ROS) 
[50], as well as transforming growth factor β 
(TGF-β), which is involved in a reduction of bone 
resorption [51]. Reactive oxygen species are 
also involved in bone resorption with a direct 
contribution of osteoclast-generated superox-
ide to bone degradation, and oxidative stress 
increases differentiation and function of osteo-
clasts [52-54]. 

Figure 7. Effects of GTP on proliferation, apoptosis and aging of speen in 
Bmi-1-/- mice. (A) Western blots of speen extracts from wild-type (WT), Bmi-
1-/- mice (BKO) and BKO+GTP mice for expression of PTEN, caspase3, Bcl-2. 
actin was used as loading control for Western blots. (B) PTEN, (C) caspase3, 
(D) Bcl-2 protein levels relative to actin level were assessed by densitometric 
analysis and expressed relative to levels of WT and BKO mice. Each value 
is the mean ± SEM of determinations in six animals of the same genotype. 
*, P<0.05; **, P<0.01; ***, P<0.001, compared with WT mice; #, P<0.05; 
##, P<0.01; ###, P<0.001, compared with BKO mice.

involved in the development  
of osteoporosis [36]. Osteo- 
blasts are bone-forming cells 
located near the surface of the 
bone that produces cytokines. 
Cytokines, including macro-
phage colony-stimulating fac-
tor (M-CSF) and receptor acti-
vator of nuclear factorκB 
(NF-κB) ligand (RANKL), are 
both essential for osteoclast 
differentiation, function, and 
survival [37, 38]. Osteoclasts 
are bone-resorbing multinu-
cleated cells that become 
tightly attached to mineralized 
bone surfaces through their 
integrins and form resorption 
lacuna by secreting protons, 
proteases, and superoxide 
through ruffled borders [39-
42]. Bone resorption by acti-
vated osteoclasts with subse-
quent deposition of a new 
matrix by osteoblasts causes 
the formation of bone struc-
ture and bone remodeling 
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In the study, these significant beneficial effects 
on bone suggested that GTP may serve as an 
effective dietary supplement to prevent osteo-
porosis in patients with low bone mass. It is 
worthy to point out that even though green tea 
and its metabolites are found to be useful in 
treating bone loss, there is still a gap in our 
knowledge that needs to be filled in regard to 
the translation of findings in animal observa-
tions and how this is applied to human popula-
tions. Evidence from all animal studies only 
shows an increase in BMD without testing bone 
strength and anti-fracture capacity; these ani-
mal data mainly focus on long bones, whereas 
the published human data are for spine and 
hip. In addition, there are still limited data sup-
porting the BMD increment and anti-fracture 
effect of green tea from longitudinal studies. In 
future human studies, green tea and its active 
ingredients should be given for long-term peri-
ods, the bioavailability should be monitored via 
validated biomarkers, and efficacy in te- 
rms of bone mass and microarchitecture 
should be evaluated through advanced im- 
aging technology to ensure their possible ben-
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