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Abstract

Background: Elevated plasma homocysteine (Hcy) level is associated with the risk of

osteoporotic fracture. While Hcy increases oxidative stress, AMP-activated protein kinase

(AMPK) activation ameliorates it. This study aimed to investigate whether Hcy induces

apoptosis of osteocytic MLO-Y4 cells through regulating expressions of oxidant and

anti-oxidant enzymes and determine the effects of AMPK activation by

5-aminoimidazole-4-carboxamide-1-B-D-ribofuranoside (AICAR) and metformin on the

Hcy-induced apoptosis of the cells.

Results: DNA fragment ELISA and TUNEL staining assays showed that Hcy treatments

(0.1-5.0 mM) induced apoptosis of MLO-Y4 cells in a dose-dependent manner. The

detrimental effect of Hcy was partly but significantly reversed by an antioxidant

(N-acetylcysteine) and NADPH oxidase (Nox) inhibitors  (apocynin  and

diphenyleneiodonium). In addition, treatment with AICAR (0.05-0.1 mM) and metformin

(10-100 pM) ameliorated Hcy-induced apoptosis of the cells. The favorable effect of

metformin on Hcy-induced apoptosis was completely cancelled by an AMPK inhibitor Ara-A.

Hcy increased the expression levels of Nox1 and Nox2, while it had no effects on the

expressions of Nox4 or the anti-oxidant enzymes, superoxide dismutase 1 and 2. Hcy-induced

increases in the expressions of Nox1 and Nox2 decreased significantly by treatments with

AICAR.



Conclusion: These findings suggest that Hcy induces apoptosis of osteocytes by increasing

the expressions of Nox1l and Nox2, and AMPK activation by AICAR and metformin

effectively prevents the detrimental reactions. Thus, AMPK activation may be a potent

therapeutic candidate for preventing Hcy-induced osteocyte apoptosis and the resulting bone

fragility.
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Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid formed by the demethylation

of methionine, and high plasma Hcy levels are often caused by vitamin B12 and folate

insufficiency [1] and polymorphism in the gene encoding the folate-metabolising enzyme

methylenetetrahydrofolate reductase [2, 3]. Accumulating evidence has shown that elevated

plasma Hcy level is a risk factor for osteoporotic fracture [4-7]. In accordance with the

epidemiological studies, previous animal studies have shown that diet-induced

hyperhomocysteinemia decreases bone quality [8, 9]. However, the mechanisms underlying

Hcy-induced bone fragility have not been completely elucidated thus far. Previous studies

have shown that Hcy increases the apoptosis of osteoblast lineage cells such as bone marrow

stromal cells [10] and osteoblasts [11]. Hcy is a potent pro-oxidant [12-14], it induces the

apoptosis of bone marrow stromal cells by increasing oxidative stress [8]. Furthermore, Hcy

suppresses the expression of lysyl oxidase in osteoblasts, resulting in inhibiting enzymatic

collagen cross-links [15]. These findings indicate that Hcy has negative impacts on cell

viability and function of osteoblasts.

AMP-activated protein kinase (AMPK) plays a pivotal role as an intracellular energy

sensor and is associated with the regulation of appetite and glucose and fat metabolism [16].

Metformin is frequently used for the treatment of type 2 diabetes mellitus and is known to

improve insulin sensitivity by activating AMPK. We previously showed that AMPK



activation by  5-aminoimidazole-4-carboxamide-1-pB-D-ribofuranoside  (AICAR), a

pharmacological AMPK activator, and metformin stimulates the differentiation and

mineralization of osteoblastic MC3T3-EL1 cells [17]. In addition, AMPK-knockout mice show

a significant reduction in bone volume [18]. Thus, AMPK may have positive effects on bone

formation.

Oxidative stress is regulated by many oxidant and antioxidant enzymes. Oxidative

stress is predominantly induced by NADPH oxidase (Nox) [19], one of the oxidant enzymes,

and is prevented by antioxidant enzymes such as superoxide dismutase (SOD) [20]. Several

studies have shown that AMPK activation ameliorates oxidative stress in various cells by

regulating the activities of Nox and SOD [21-26]. However, whether AMPK activation

decreases Hcy-induced oxidative stress by regulating oxidant-antioxidant enzymes in

osteoblast lineage cells has not been clarified thus far.

Osteocytes are the most abundant cells in the bone, and they play important roles in

coordinating the functions of osteoblasts and osteoclasts [27]. Estrogen deficiency [28] as

well as mechanical loading [29] and glucocorticoid administration [30] are associated with

apoptosis of osteocytes, resulting in increased bone fragility. However, to our best knowledge,

no study has described the effects of Hcy and AMPK on osteocytes. Thus, the purpose of our

study was to examine the effects of Hcy and AMPK activators on the apoptosis of osteocytic

MLO-Y4 cells and on the expressions of Nox and SOD in the cells.



Materials and Methods

Reagents

Cell culture medium and supplements were purchased from GIBCO-BRL (Rockuville,

MD). AICAR was purchased from Cell Signaling (Beverly, MA). DL-homocysteine,

N-acetyl-L-cysteine (NAC), and Ara-A were purchased from Sigma—Aldrich (St. Louis, MO).

The Nox inhibitors apocynin and diphenyleneiodonium chloride (DPI) were purchased from

Santa Cruz Biotech (Santa Cruz, CA) and Enzo Life Sciences (New York, NY), respectively.

Metformin was kindly provided by Sumitomo Dainippon Pharma (Osaka, Japan). Antibodies

against SOD1 and SOD2 were purchased from Abcam (Cambridge, UK). Rabbit monoclonal

antibodies were from Sigma—Aldrich.

Cell cultures

MLO-Y4, a murine long bone-derived osteocytic cell line, was kindly provided by

Dr. Lynda F. Bonewald. Cells were cultured on collagen-coated plates in a-minimum

essential medium (a-MEM) supplemented with 10% fetal bovine serum (FBS) and 1%

penicillin-streptomycin in 5% CO, at 37 °C. The medium was changed twice a week, and the

cells were passaged when they were 80% confluent.

Apoptosis assay using a DNA fragment detection ELISA kit



Apoptosis was assessed by using Cell Death Detection ELISAP"™ kit (Roche Applied
Science, IN) according to the manufacturer’s protocol. The cells were incubated in 96-well
plates for 48 h, and Hcy, AICAR, metformin, and/or Ara-A were added at their specified
concentrations after the cells were confluent. After incubation for 48 h, the cells were lysed
using 200 pL of lysis buffer. After centrifugation, 20 pL of the supernatant was transferred to
a streptavidin-coated microplate and exposed to anti-histone antibody (biotin-labeled) and
anti-DNA antibody (peroxidase-conjugated) for 2 h at room temperature. Each well was
washed 3 times with the incubation buffer, and antibody-nucleosome complexes bound to the
microplate were determined spectrophotometrically using
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS). The absorbance measured
using the kit was proportional to the degree of apoptosis. The results were expressed as

relative to control.

TUNEL staining

We performed TUNEL staining using an in situ cell death detection kit (Roche,
Germany) according to the manufacturer’s protocol. Briefly, the cells were incubated in
chamber slides. After the cells were confluent, we performed fixation, blocking, and
permeabilization as indicated. The slides were immersed in TUNEL reaction mixture for

60 min at 37°C in a humidified atmosphere in the dark. The slides were analyzed using



optical microscopy. The average value of TUNEL-positive cells in one microscopic field

(200x) was used to evaluate the degree of apoptosis. TUNEL-positive cells were counted in

six randomly selected areas of TUNEL-stained slides, and the average value was calculated.

Reverse transcription PCR analysis to identify AMPK subunits

To investigate the mRNA expression of AMPK subunits (al, o2, B1, B2, B3, v1, v2,

and y3) in MLO-Y4 cells, we performed reverse transcription (RT) PCR. Total RNA was

extracted from the cultured MLO-Y4 cells using Trizol reagent (Invitrogen, San Diego, CA)

according to the manufacturer’s recommended protocol. We used 2 ug total RNA for the

synthesis of single-stranded cDNA (cDNA synthesis kit; Invitrogen). We used the primers

described in Table 1. The PCR conditions were as follows: denaturation at 95°C for 45 s;

annealing at 60°C for al and a2, at 56°C for $1 and 2, and at 57°C for y1, y2, and y3 for 30

s; and elongation at 72°C for 1 min for 35 cycles. The PCR products were separated by

electrophoresis on a 1.8% agarose gel and were visualized using ethidium bromide staining

with ultraviolet (UV) light using the Electronic UV trans-illuminator (Toyobo Co. Ltd.,

Tokyo, Japan).

Quantification of gene expression using real-time PCR

We used SYBR green chemistry to determine the mRNA levels of Nox1, Nox2,



Nox4, SOD1, and a housekeeping gene, 36B4. The primer sequences used are described in

Table 2. Real-time PCR was performed using 1 uL of cDNA in a 25 uL reaction volume with

ABI PRISM 7000 (Applied Biosystems, Waltham, MA). The double-stranded DNA-specific

dye SYBR Green | was incorporated into the PCR buffer provided in the SYBR Green

Realtime PCR Master Mix (Toyobo Co. Ltd., Tokyo, Japan) to enable quantitative detection

of the PCR product. The PCR conditions were 95°C for 15 min, 40 cycles of denaturation at

94°C for 15 s, and annealing and extension at 60°C for 1 min. 36B4 was used to normalize

the differences in the efficiencies of reverse transcription.

Western blot analysis

For western blot analysis, the cells were plated in 6-well plates and cultured as

described above. After the cells were confluent, they were treated with each agent for 48 h.

The cells were rinsed with ice-cold PBS and scraped on ice into lysis buffer (BIO-RAD,

Hercules, CA) containing 65.8 mM Tris-HCI (pH 6.8), 26.3% (w/v) glycerol, 2.1% SDS, and

0.01% bromophenol blue to which 2-mercaptoethanol was added to achieve a final

concentration of 5%. The cell lysates were sonicated for 20 s. The cell lysates were

electrophoresed using 10% SDS-PAGE and transferred to a nitrocellulose membrane

(BIO-RAD, Hercules, CA). The blots were blocked with TBS containing 1% Tween 20

(BIO-RAD) and 3% bovine serum albumin (BSA) for 1 h at 4°C. Then, the blots were
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incubated overnight at 4°C with gentle shaking with SOD1 or SOD2 antibodies at a dilution
of 1:2000 and 1:5000, respectively. These blots were extensively washed with TBS
containing 1% Tween 20 and were further incubated with a 1:2500 dilution of horseradish
peroxidase-coupled rabbit antimouse IgG in TBS for 30 min at 4°C. The blots were then

washed, and the signal was visualized using an enhanced chemiluminescence technique.

Statistics

Results are expressed as means + standard error (SE). Statistical evaluations for
differences between groups were performed using one-way ANOVA followed by Fisher’s
protected least significant difference. For all statistical tests, a value of p < 0.05 was

considered a statistically significant difference.
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Results

Hcy induced apoptosis of MLO-Y4 cells via increasing oxidative stress

The effects of Hcy on apoptosis of MLO-Y4 cells were examined using a DNA

fragment detection ELISA kit. Incubation with Hcy at the indicated concentrations

significantly increased the apoptosis in a dose-dependent manner (at least p < 0.05; Fig. 1A).

Moreover, TUNEL staining confirmed that 5 mM Hcy significantly increased the apoptosis of

MLO-Y4 cells (Fig. 1B and C).

An anti-oxidant (NAC) and Nox inhibitors, apocynin and DPI, ameliorated

Hcy-induced apoptosis of MLO-Y4 cells

Further, to investigate whether oxidative stress is involved in Hcy-induced apoptosis,

we examined the effect of NAC, an anti-oxidant, on Hcy-induced apoptosis. The apoptotic

effect of Hcy was significantly decreased by co-incubation with 5 mM NAC (p < 0.05; Fig.

2A). These findings indicate that Hcy-induced apoptosis is mediated by oxidative stress.

Nox is an important enzyme involved in the induction of oxidative stress. To confirm

the involvement of Nox in Hcy-induced apoptosis of MLO-Y4 cells, we examined whether

the Nox inhibitors, apocynin and DPI, inhibit the Hcy-induced apoptosis of MLO-Y4 cells.

Co-incubation of MLO-Y4 cells with 0.1 mM apocynin or 1.0 nM DPI and 5 mM Hcy

partially but significantly inhibited Hcy-induced apoptosis of the cells (p < 0.01; Fig. 2B and

12



20).

Expressions of AMPK subunits in MLO-Y4 cells

To date, no studies have shown that AMPK subunits are expressed in osteocytes. We

examined the expressions of AMPK subunits by using RT-PCR. AMPK is a heteromeric

protein that consists of three different subunits; an o catalytic subunit and B and y regulatory

subunits. In mammals, 7 genes encode AMPK subunits (a1, a2, 1, 2, y1, y2, and y3) and

can form 12 possible AMPK heteromers. RT-PCR showed that mMRNASs of al, a2, B1, B2, y1,

v2, and y3 were expressed in MLO-Y4 cells (Fig. 3A).

AMPK activators, AICAR and metformin, suppressed Hcy-induced apoptosis of

MLO-Y4 cells

We investigated the effects of AICAR, a pharmacological activator of AMPK, on

Hcy-induced apoptosis of the cells. DNA fragment detection ELISA showed that treatment

with AICAR (0.05 and 0.1 mM) significantly decreased Hcy-induced apoptosis (at least

p<0.01; Fig. 3B). In addition, TUNEL staining showed that treatment with 0.01 mM AICAR

significantly inhibited Hcy-induced apoptosis (p < 0.001; Fig. 3C and 3D).

Further, we investigated the effects of AMPK activation by metformin on

Hcy-induced apoptosis of MLO-Y4 cells. Metformin at a concentration of 10 and 100 uM

13



significantly decreased Hcy-induced apoptosis (at least p < 0.05; Fig. 3E). The favorable

effect of metformin on Hcy-induced apoptosis was significantly reversed by administration of

0.1 mM Ara-A, an AMPK inhibitor. These findings indicate that metformin decreases

Hcy-induced apoptosis via activation of AMPK.

AICAR prevented Hcy-induced Nox1 and Nox2 expressions

We investigated whether Hcy and AICAR affect the expressions of oxidant and

antioxidant enzymes. Real-time PCR showed that 5 mM Hcy significantly increased the

mMRNA expression of Nox1 and Nox2 for 24 h (p < 0.01), and co-incubation with 0.1 mM

AICAR inhibited Hcy-induced upregulation of Nox1 and Nox2 mRNA (p < 0.01; Fig. 4A and

B). Incubation with Hcy did not affect the mRNA expression of Nox4 or SOD1 (Fig. 4C and

D). Western blot analysis showed that Hcy had no effect on the expressions of SOD1 and

SOD2 proteins (Fig. 4E).
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Discussion

Several clinical studies have shown that moderate hyperhomocysteinemia increases

the risk of osteoporotic fracture independent of the BMD [4-7], which suggests that the

deterioration of bone quality may be a dominant cause of Hcy-induced bone fragility.

Previous studies have shown that Hcy increases apoptosis of bone marrow stromal cells and

osteoblasts [10, 11]; however, no studies have examined the effects of Hcy on osteocytes to

date. Osteocytes play pivotal roles in regulating the functions of osteoblasts and osteoclasts

[27], and apoptosis of osteocytes is closely associated with bone fragility [31, 32]. To our

knowledge, this is the first study to report that Hcy induced the apoptosis of osteocytic

MLO-Y4 cells. Therefore, the Hcy-induced apoptosis of osteocytes may be another possible

cause of Hcy-induced bone fragility.

Oxidative stress is regulated by several enzymatic factors such as Nox, a dominant

oxidative stress-inductive enzyme [19], and SOD, a major anti-oxidant enzyme [20]. Hcy

increases oxidative stress in various cells [10, 12-14, 33]. For example, Sipkens et al. showed

that Hcy induces apoptosis by increasing the activities of Nox2 and Nox4 in endothelial cells

[34]. Further, the effect of oxidative stress on osteoblast function has been reported

previously. Xu et al. showed that hydrogen peroxide increased the activity of Nox and

reactive oxygen species (ROS), induced apoptosis, and suppressed the differentiation of

osteoblastic MC3T3-E1 cells [35]. Moreover, Lee et al. showed that antimycin, a
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mitochondrial electron transport inhibitor, increased ROS, decreased cell viability, and

suppressed calcification in MC3T3-E1 cells, and these effects were inhibited by apocynin

[36]. These findings indicate that Nox-mediated oxidative stress has a negative effect on

osteoblasts. Apocynin is thought to interfere with the translocation of p47°"™

, an organizer
protein of the Nox2 complex, to the membrane [37]; therefore, Nox2 inhibition may be
involved in the improvement of mitochondrial dysfunction-induced ROS. In the present study,
we showed that Hcy increased the mRNA expression of Nox1 and Nox2, and Hcy-induced
apoptosis was inhibited by Nox inhibitors. These findings indicate that Nox1 and Nox2 play
important roles in Hcy-induced oxidative stress and apoptosis of osteocytes.

Previous studies showed that AMPK activation inhibits apoptosis by decreasing
oxidative stress in several types of cells [21-23]. Chunfang et al. showed that Hcy increases
oxidative stress and apoptosis by increasing the expression of Nox4 in endothelial progenitor
cells, and AMPK activation decreases the effects of Hcy [38]. We showed for the first time
that AMPK subunits are present in osteocytes and have anti-apoptotic effects. AMPK
activation ameliorated the Hcy-induced expression of Nox1l and Nox2 and apoptosis of
MLO-Y4 cells. NAC and Nox inhibitors partly inhibited the Hcy-induced apoptosis, while
AICAR completely inhibited the Hcy-induced apoptosis. These findings suggest that other
signaling pathways might be associated with the anti-apoptotic effects of AMPK. Previous
studies have shown that PI3K/PKB and ERK signaling pathways and endoplasmic reticulum

16



stress are involved in the anti-apoptotic effects of AMPK activation in neutrophils [39] and

endothelial cells [40]. Therefore, further studies are required to examine the roles of AMPK

in osteocytes.

Accumulating evidence has shown that patients with type 2 diabetes mellitus have an

increased BMD-independent risk of fractures [41, 42]. Although the mechanism underlying

diabetes-related bone fragility is still unclear, high plasma Hcy levels are associated with the

incidence of vertebral fractures and femoral neck fractures in patients with type 2 diabetes

[43]. Thus, hyperhomocysteinemia may exacerbate bone fragility in patients with type 2

diabetes. Moreover, previous epidemiological studies have shown that treatment with

biguanide is associated with a decreased risk of osteoporotic fracture [44, 45]. Our results and

those from other studies showed that metformin increases the differentiation and

mineralization of osteoblastic MC3T3-E1 cells [17, 46], and metformin increases bone

volume in insulin-resistant mice [47] and ovariectomized rats [48]. In this study, we found

that metformin inhibited Hcy-induced apoptosis of osteocytes via AMPK activation. Taken

together, treatment with metformin may be beneficial for diabetes-related bone fragility by

not only increasing bone formation but also improving bone fragility associated with

osteocyte apoptosis.

In conclusion, our study showed for the first time that Hcy induced apoptosis of

osteocytic MLO-Y4 cells via increasing the expressions of Nox1 and Nox2. Moreover,

17



AMPK activation ameliorated the detrimental effects of Hcy. Therefore, the apoptosis of

osteocytes may be involved in the Hcy-induced bone fragility, and AMPK activators such as

AICAR and metformin  may be useful for preventing the risk of

hyperhomocysteinemia-associated fracture. However, we used MLO-Y4 cell, a cell line of

osteocyte, and relatively high concentration of Hcy compared to serum levels in vivo. To

confirm the present findings, further in vivo experiments are needed in future.
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Figure legends

Fig. 1

Effects of homocysteine on apoptosis of MLO-Y4 cells

DNA fragment detection ELISA analysis showed that homocysteine (Hcy) treatment

significantly increased the apoptosis of MLO-Y4 cells in a dose-dependent manner (A). The

result was representative of three different experiments. TUNEL staining showed that 5.0

mM Hcy increased the apoptosis of the cells. A representative picture is shown (B).

Quantification of cell count of TUNEL-positive cells showed that difference was significant

between control and Hcy treated cells (C). The result was representative of four different

experiments. Results are expressed as the mean + standard error of mean (SEM). *p < 0.05,

**p < 0,01, and ***p < 0.001.

Fig. 2

Effects of an anti-oxidant, N-acetylcysteine, and NADPH oxidase inhibitors, apocynin

and diphenyleneiodonium chloride, on homocysteine-induced apoptosis of MLO-Y4

cells

Apoptosis was evaluated by DNA fragment detection ELISA analysis. Treatment with 5 mM

homocysteine (Hcy) significantly increased the apoptosis of MLO-Y4 cells. Co-incubation

with 5 mM N-acetylcysteine (NAC) suppressed the Hcy-induced apoptosis (A). The result
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was representative of three different experiments. Co-incubation with 0.1 mM apocynin (B)

and 1.0 nM diphenyleneiodonium chloride (DPI) (C) partially but significantly decreased

apoptosis induced by 5 mM homocysteine (Hcy). The result was representative of three

different experiments. Results are expressed as the mean =+ standard error of mean (SEM). *p

< 0.05, **p < 0.01 and ***p < 0.001.

Fig. 3

Effects of AMPK activation on homocysteine-induced apoptosis of MLO-Y4 cells

Total RNA from the cells was subjected to RT-PCR, and the PCR products were visualized in

a 1.8% agarose gel stained with ethidium bromide. We observed the expression of the

mRNAs of all AMPK subunits al, o2, B1, B2, v1, y2, and y3 (A). DNA fragment ELISA

assay showed that treatments with 5 mM homocysteine (Hcy) increased the apoptosis of

MLO-Y4 cells, and co-incubation with AICAR (0.05 and 0.1 mM) significantly inhibited the

Hcy-induced apoptosis (B). The result was the representative of four different experiments.

TUNEL staining confirmed that 0.01 mM AICAR recovered the Hcy-induced apoptosis of

the cells. A representative picture was shown (C). Quantification of cell count of

TUNEL-positive cells showed that the differences were significant (D). The result was the

representative of three different experiments. Effects of Metformin on the Hcy-induced

apoptosis were examined by DNA fragment ELISA assay. Treatments with Met (10 and 100
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uM) significantly decreased the Hcy-induced apoptosis (E). Administration of 0.1 mM Ara-A

inhibited the anti-apoptotic effects of metformin against Hcy (E). The result was the

representative of three different experiments. Results are expressed as the mean + SEM.

**n<0.01, ***p<0.001.

Fig. 4

Effects of Hcy and AICAR on expressions of Nox and SOD

Real-time PCR showed that 5 mM Hcy significantly increased Nox1 (A) and Nox2 (B)

MRNA expressions. Co-incubation with 0.1 mM

5-aminoimidazole-4-carboxamide-1-p-D-ribofuranoside (AICAR) significantly decreased the

Hcy-induced upregulation of NADPH oxidase 1 (Nox1) (A) and Nox2 (B). The expression of

Nox4 (C) and superoxide dismutase 1 (SOD1) (D) mRNA was not affected by Hcy

treatments. Results are expressed as the mean + standard error of mean (SEM) (n > 6). **p <

0.01. Western blot analysis showed that treatments with 5 mM Hcy did not affect the protein

expressions of SOD1 and SOD2 (E). The result was representative of three different

experiments. Results are expressed as the mean £ SEM. *p < 0.05, **p<0.01, ***p<0.001.
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Table.1

Gene name primers
AMPKal CTCTATGCTTTGCTGTGTGG
GGTCCTGGTGGTTTCTGTTG
AMPKa2 ACAGCGCCATGCATATTCCT
TCCGACTGTCTACCAGGTAA
AMPKp1 TCAAGGATGGAGTGATGGTG
GACTATGTGGGGGTGAGATG
AMPK2 AAACTCACTGGGCGAGGAAC
CCACACAGCCAATACACAGG
AMPKYy1 GCTACAGATTGGCACCTACG
TCAGGGCTTCTTCTCTCCAC
AMPKy2 GCCTTCTTTGCTTTGGTAGC
GCTCATCCAGGTTCTGCTTC
AMPKYy3 TCACCATCACGGACTTCATC

CATCAAAGCGGGAGTAGAGG




Table.2

Gene name primers

36B4 AAGCGCGTCCTGGCATTGTCT
CCGCAGGGGCAGCAGTGGT

Nox1 ATGCCCCTGCTGCTCGAATA
AAATTGCCCCTCCATTTCCT

Nox2 ACCGCCATCCACACAATTG
CCGATGTCAGAGAGAGCTATTGAA

Nox4 CTGCATCTGTCCTGAACCTCAA
TCTCCTGCTAGGGACCTTCTGT

SOD1 GGGTTCCACGTCCATCAGT

CACACGATCTTCAATGGACAC
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