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ABSTRACT

AlM: To discover compounds which can regul ate Klotho promoter activity. Klotho is an aging suppressor gene. A
defect in Klotho gene expression in the mouse results in the phenotype similar to human aging. Recombinant Klotho
protein improves age-associated diseases in animal models. It has been proposed that up-regulation of Klotho gene
expression may have anti-aging effects. METHODS: Klotho promoter was cloned into a vector containing lu-
ciferase gene, and the reporter gene vector was transfected into HEK 293 cells to make a stable cell line (HEK293/
KL). A model for cellular aging was established by treating HEK293/KL cells with H,O,. These cellswere treated
with extracts from Traditional Chinese Medicines (TCMs). The luciferase activity was detected to identify com-
pounds that can regulate Klotho promoter. RESULT S: The expression of luciferase in these cells was under control
of Klotho promoter and down-regulated after H,O, treatment  The down-regulation of luciferase expression was
H,O, concentration-dependent with an 1C, at approximately 0.006 %. This result demonstrated that the Klotho
gene promoter was regulated by oxidative stress. Using the cell-based reporter gene assay, we screened natural
product extracts for regulation of Klotho gene promoter. Several extracts were identified that could rescue the H,0,
effects and up-regulated Klotho promoter activity. CONCLUSION: A cell -based assay for high-throughput drug
screening was established to identify compounds that regulate Klotho promoter activity, and several hits were
discovered from natural products. Further characterization of these active extracts could help to investigate Klotho
function and aging mechanisms.

INTRODUCTION aging, including a short lifespan, infertility, arterio-
sclerosis, skin atrophy, osteoporosis, and emphysema™?.
The Klotho protein protects the cardiovascular system
through endothelium-derived NO production by humoral
pathways. In addition, Klotho protein may regulate B
lymphopoiesis via its influence on the hematopoietic
microenvironment!d. It has also been shown that Klotho

_ plays important roles in the maintenance of normal en-
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Klotho gene encodes a membrane protein that
shares sequence similarity with beta-glucosidase
enzymes. A defect in Klotho gene expression in the
mouse results in a syndrome that resembles human
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Klotho protein functions through a signaling path-
way involving acirculating hormonal factor. Adminis-
tering recombinant Klotho proteininto limited organs
rescued aging phenotypesof Klotho mutant. Recently,
we found that the Klotho gene expression in the hip-
pocampus was down-regulated in aged and memory
impaired rats, suggesting that the protein may aso play
important roles in regulating high brain functions, such
as learning and memory. Furthermore, recent studies
suggested that Klotho is a candidate gene involved in
several common age-related diseases in humans®.

Since Klotho gene deficit leads to aging pheno-
type and recombinant Klotho protein improves age-re-
lated diseases, we propose that Klotho promoter acti-
vator should increase Klotho gene expression and have
beneficial effects on age-related disorders. To test this
hypothesis, we established a cell-based reporter gene
assay to screen natural product extracts that can acti-
vate Klotho gene promoter. The natural product library
was derived from Traditional Chinese Medicine (TCM).
SBG530 (serial number in our lab) extract was identi-
fied which can activate human Klotho promoter. The
extract has no effects on other promoters such as VIP
promoter, cCAMP response element, multiple response
element and serum response element. The active ex-
tracts should provide useful toolsto investigate the func-
tions of Klotho gene during aging process.

MATERIALS AND METHODS

Cloning of Klotho promoter Human genomic
DNA was used to clone Klotho promoter. Primers 5'-
GGGAAGCTT GCT GCG CGG GAG CCAGGCTCC
GGG GC-3' and 5'-GGC CTC GAG TGC TAA TAT
ATG CTG GCT GGA GTT GG-3' were used for PCR
cloning. An expected 1.6 kb PCR product was pro-
duced and cloned into pMD18-T vector (TaKaRa). The
identity of the PCR product was confirmed by DNA
sequencing. The vector was digested with Hindl Il and
Xhol, and the insert was subcloned into Hindl Il and
Xhol digested pGL ; vector (Promega) to generate the
luciferase based reporter gene construct pGKL.

Cell culture, transfection and stable cell line
generation HEK293 cells were maintained in DMEM
with 10 % FBS (Gibco) and 1 % non-essential amino
acid at 37 °C, 5% CO,. HEK293 cells were transfected
with 2 ug of pGKL and pcDNA3.1 mixturein aratio of
5:1 using lipofectin (Invitrogen) according to the
manufacturer’s protocol. Twenty-four hours after
transfection, cell culture medium was replaced with fresh
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medium containing G418 at final concentration of 800
mg/L. Single cell was selected using limited dilutionin
the presence of G418 to generate stable cell line
HEK?293/KL.

Luciferaseassay Theluciferase activity was mea-
sured according to the protocol from Promega. Briefly,
100 uL of HEK293/K L cellsat 1x10° cellsmL were added
into each well of white 96-well plate (flat, clear bottom,
Costar). The cellswere maintained in DMEM contain-
ing 10 % FBS (Gibco) and 1 % non-essential amino
acid, and incubated at 37 °C, 5 % CO, overnight. Then,
10 pL of natural product extract was added into each
well and incubated for 6-8 h. Finally, 110 pL of lu-
ciferase substrate Bright Glo™ (Promega) was added
into each well. Luciferase activity was measured using
Anaysit HT (Molecular Device).

Natural product extracts All natural product
samples were derived from Traditional Chinese Medi-
cine (TCM). Sampleswere purchased from loca TCM
pharmacy. TCM samples were extracted with water at
80 °C for 2 h. Each sample was extracted two times,
each time with about 250 mL. Two extracts were com-
bined to 500 mL and concentrated to 100 mL under
decompression. The crude extracts were used for the
reporter gene assay as described above.

RESULTS

Establishment of a cellular model of aging It
iswell known that high levels of oxidative stress drive
aging process. We treated the HEK293/KL cells with
H,O,to generate a cellular model of aging. Our result
showed that H,O, treatment reduced the expression of
luciferase (Fig 1). The reduction of luciferase activity
by H,0O,was in a dose-dependent manner with an ICs,
at approximately 0.006 %. It is possible that oxidative
stress may down-regulate the Klotho promoter activity
and lead to the reduction of luciferase gene expression.

There are several possible ways that H,O, treat-
ment reducesthe luciferase activity in HEK293/KL cells.
One possibility isthat H,O, could directly affect thein-
teraction between luciferase with its substrate, there-
fore decreased its enzymatic activity. To test this
possihility, we added H,O, and luciferase substrate Bright
Glo™ to HEK293/K L cells at same time and measured
the luciferase activity. The result showed that addition
of H,0, did not affect the activity of luciferase (Fig 2).
Another possibility is that long-term treatment of cells
with H,0, may oxidize luciferase and decrease its
activity. Totest this, wefirst lysed HEK293/KL cellsto
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Fig 1. Luciferase activity of HEK293/KL cellstreated with
different concentrations of H,0,. HEK293/KL cells were
treated with different concentrations of H,O, for 4 h and
lucifer ase activity was measured thereafter (1C5,=0.006 % ).
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Fig 2. Effects of H,0,o0n luciferase activity. A) HEK293
cells without treatment; B) HEK293/KL cells without
treatment; C) HEK293/KL cells without treatment, lu-
ciferase activity was measured using Bright Glo™ in the
presence of 0.006 % H,0,; D) HEK293/KL cellstreated with
0.006 % H,O, for 6 h; E) HEK293/KL werelysed with lysis
buffer, incubated with PBS for 1 h; F) HEK293/KL cells
wer elysed with lysisbuffer, incubated with PBS and 0.006 %
H,O, for 1 h.

release luciferase into the cell culture medium. Wethen
treated the medium with 0.006 % H,O, for one hour
and measured the luciferase activity. The result dem-
onstrated that H,O, treatment did not affect luciferase
activity (Fig 2). Taken together, our results suggest
that H,O, treatment generated oxidative stress to
HEK?293/KL cells and lead to the down-regulation of
Klotho gene promoter. Thiscellular model of aging has
been further modified and used for compounds screen-
ing to identify Klotho promoter activator.
Identification of extracts for activation of
Klotho promoter We have used the cell-based reporter
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gene assay to screen natural product extracts and to
identify activators for human Klotho promoter.
HEK293/KL cells were treated with 0.006 % H,O, for
oneto nine hours and luciferase activity was determined.
The result showed that six-hour incubation gave the
best result (Fig 3). Therefore, we have used six-hour
incubation time for al of our experiments unless other-
wise indicated. We prepared extracts from over three
hundred different TCM samples to screen Klotho pro-
moter activators. Our previous experiments from other
screens showed that although most of the active ex-
tracts showed activities at high concentration, some of
the extracts had no or even inhibitory effects at high
concentrations, but high activity at low concentrations.
To increase the chances for finding Klotho promoter
activators, we used original concentration as well as 5-
fold diluted extract samples for the screening. Indeed,
we found that some of the samples had high activities
after dilution (Fig 4). We have screened extract samples
using HEK 293/KL cellsin the presence of 0.006 % H,0,.
After 6-h treatment, luciferase activity was measured.
We defined active samples as the luciferase activity
higher than (mean+3SD) compared with H,O, treatment
alone. Five active extracts were identified from more
than three hundred samples. The active extracts in-
creased luciferase activity either through activation of
Klotho promoter or by inhibition of H,O, activity. To
test these possibilities, HEK293 cells were treated with
0.006 % H,0O, for 3 h, then H,O, was removed by wash-
ing cells with PBS, and finally the cells were treated
with the positive extracts for another 5 h. Luciferase
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Fig 3. Luciferase activity of HEK293/KL cellstreated with
H,0, or SBG530 extract for different period of time. O:
HEK293/KL cells were treated with 0.006 % H,O,. K:
HEK293/KL cells weretreated with 100 pg/L SBG530 ex-
tract and 0.006 % H,0, (t-test, P<0.01 after 4 h-treatment).
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Fig 4. Extracts screening for Klotho promoter activator.
HEK 293 cells were treated with 0.006 % H,0, and 10 pL
plant extracts for 6 h in a total volume of 110 uL. Two
different concentrations of extracts were used for the
screening, each concentration tested in duplicate. O rep-
resents original extracts and M represents 5-fold diluted
samples. The mean (n=4) of untreated cellsisrepresented
by the thin line. The (mean+3SD) of untreated cells is
represented by thedot line. The mean (n=4) of H,O,-treated
cellsis designated by the solid line.

activity was determined after these treatments. It was
shown that extract of SBG530 could still increase lu-
ciferase activity, suggesting that the plant extract di-
rectly activated Klotho promoter (Fig 5).
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Fig 5. Effect of the SBG530 extract on Klotho promoter
activity. A) HEK293/K L cellswerepre-incubated with 0.006 %
H,0, for 3 h, washed with PBS, incubated in fresh medium
for another 5h. B) HEK293/KL cells were pre-incubated
with 0.006 % H,0, for 3 h, washed with PBS, incubated with
100 pg/L SBG530for another 5h. C) HEK293/KL cellswere
treated with 0.006 % H,O, for 8 h without SBG530 extract.
D) HEK293/K L cellsweretreated with 0.006 % H,O, for 8 h
with 100 pg/L SBG530 extract.

Characterization of Klotho promoter activa-
tor Wefirstly determined the dose-response effects of
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SBG530 extract on luciferase activity in H,O,-treated
HEK?293/KL cells. Cellsweretreated with different con-
centrations of SBG530 extract for 6 h in the presence
of 0.006 % H,O,, and then luciferase activity was
measured. Fig 6 shows the dose-response curve with
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Fig 6. Concentration-dependent effect of gentian root ex-
tract on luciferase activity. HEK293/KL cells were treated
with different concentrations of SBG530 extract and 0.006 %
H,0, at the sametime, incubated at 37 °C, 5% CO, for 6 h,
and lucifer ase activity was measured.

an EC,, at about 50 pg/L. To further characterize its
activity, the extract sample from SBG530 was tested
for the effects on other transcriptional responsive ele-
ments and promoters. We have generated a stable
HEK 293 cell line containing a reporter gene construct.
This construct includes serum response element (SRE),
CAMP response element (CRE), multiple response ele-
ment (MRE), and VIP promoter, which linked to lu-
ciferase gene (HEK293/SMC/Luci). Forskolin stimu-
lated the luciferase expression (Fig 7), indicating that
the reporter gene construct can be activated in the stable
cell line. Next, we tested the effects of H,O,on the cell
line. Our result indicated that H,O, had no effects on
luciferase expressionin HEK293/SMC/Luci cell line (Fig
7), suggesting that the down-regulation of luciferase
expression in HEK293/KL cellswas not caused by cell
damage, but most likely through inhibition of Klotho
promoter. Finally, we demonstrated that the SBG530
extract could not activate the luciferase expression in
HEK?293/SMC/Luci cells (Fig 7). These results sug-
gested that the SBG530 extract could not enhance the
luciferase expression through SRE, CRE, MRE, and VIP
promoters.
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Fig 7. Effect of SBG530 extract on luciferase activity in
HEK?293/SMC/VIP/Luci cells. A) Construct used to make
stable cell line HEK293/SM C/VIP/Luci. The construct con-
tains serum response element (SRE), multiple response
element (MRE), CAMP response element (CRE) and VIP
promoter linked to luciferase gene. B) Effect of SBG530
extract on MRE, SRE, CRE, and VIP promoter. a-e: repre-
sent luciferase activity of the HEK293/SM C/VIP/L uci cells
with different treatment. a, without treatment; b, treated
with forskalin; c, treated with 0.006 % H,0O,; d, treated with
0.006 % H,0, and 100 pg/L SBG530 extract; and e, treated
with 100 pg/L SBG530 extract.

DISCUSSION

Klotho gene was mainly expressed in the kidnety!®.
We have chosen human kidney cell line HEK293 for the
Klotho promoter studies. This cell line should contain
necessary transcription factors and other modulators
for the regulation of Klotho gene expression. Indeed,
HEK293/KL cellsthat contain Klotho promoter linked
to luciferase reporter gene displayed high luciferase
activity. Aging and age-related diseases are associated
with decrease of Klotho expression!”, but the mecha-
nism of the gene down-regulation isnot clear. Itiswell
known that oxidative stress plays an essential rolein
aging process. To test whether oxidative stress can
regulate Klotho promoter activity, we generated a cel-
lular model of aging by treating HEK293/K L cellswith
H,O, Our results demonstrate that H,O, treatment could
decrease reporter gene luciferase expression through
inhibition of the Klotho promoter activity.

Using a computer program, we have identified
several potential promoter sequences including 4 Sp-1
transcription factor binding sites in Klotho promoter.
Sp-1isaDNA binding protein that has three zinc finger
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motifs and bindsto GC-rich DNA. Sp-1isubiquitously
expressed in many mammalian tissues with different
abundances. It plays a critical role in the transcrip-
tional regulation of a class of genes lacking classical
TATA or CAAT boxes in their proximal promoters.
These genes include glycolytic enzymes, dihydrofolate
reductase (DHFR), thymidylate synthase, and adenine
deaminase®. The Klotho promoter does not contain
TATA box, but contains 4 Sp-1 binding sites. Therefore,
Sp-1 transcription factor may play essentia rolesin regu-
lating Klotho gene expression. It has been shown that
Sp-linrat liver becomes progressively oxidized during
aging. Anin vitro analysis showed that Sp-1 binding
activity was reversibly inhibited by the oxidization®.
In addition, in vivo studies demonstrated that oxidative
transcriptional repression of some endogenous genes
was related to oxidative inactivation of Sp-1 binding!®.
It is possible that Klotho expression decline during ag-
ing could be associated with Sp-1 inactivation by pro-
gressive oxidation.

We took chemical genetic approaches to further
characterize the Klotho promoter. Using a cell-based
reporter gene assay, we have identified a potential acti-
vator of Klotho promoter from the SBG530 extract.
This method could be used to identify Klotho promoter
selective activatorsif enough control experiments were
performed. For example, SBG530 extract does not show
any activity on some promoters such as VIP promoter,
CcAMP response element, multiple response el ement, and
serum response element. However, it is not clear
whether the SBG530 extract activate the Klotho pro-
moter through the activation of Sp-1 or other factors.
It is essential to test other promoters that contain Sp-1
binding sites. Another approach isto generate a series
of deletions of the Klotho promoter and to identify the
essential elements that can be regulated by the SBG530
extract. Furthermore, we are in the process to sepa-
rate and identify the active compound responsible for
the observed effect from the extract. These compounds
may provide useful tools to investigate the functions of
Klotho gene during the aging process.
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