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Abstract: Methylation modification is a hot research topic in epigenetics. It plays an important role in cell signal transduction and tissue-

specific differentiation by regulating gene expression. Methylation modification also plays a significant role in intervertebral disc 

degeneration and repair. This article reviews the role and characteristics of methylation modification in the pathogenesis of intervertebral 

disc degeneration and provides an outlook for future development. 
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The intervertebral disc is located between vertebrae, 

consisting of the outer annulus fibrosus (AF), the inner 

nucleus pulposus (NP), and the adjacent cartilaginous 

endplate (CEP) on both sides [1]. Long-term overload, 

injury, aging, smoking and other factors can cause 

intervertebral disc degeneration (IVDD), manifesting as 

the loss of disc cells and degradation of the extracellular 

matrix (ECM) [2]. IVDD is closely related to the 

occurrence of discogenic low back pain and neurological 

symptoms, so it is very important to elucidate the 

regulatory mechanism of IVDD. 

Methylation is one of the important research contents 

of epigenetics, mainly including three modification 

methods: DNA methylation, histone methylation, and 

RNA methylation. By regulating gene expression and the 

activity of functional molecules, it plays an important role 

in cell signaling and tissue-specific differentiation. This 

article summarizes the role and characteristics of 

methylation modification in the pathogenesis of IVDD, 

aiming to provide new ideas for the prevention and 

treatment of IVDD. 

1. DNA methylation regulates intervertebral disc 

degeneration 

DNA methylation refers to the process of covalently 

binding a methyl group to a specific base on the DNA 

sequence under the action of DNA methyltransferase 

(DNMT) [3]. DNA methylation has various forms such as 

5-methylcytosine (5-mC), N6-methyladenine (N6-mA), 

and 7-methylguanine (7-mG). In humans and mammals, it 

mainly exists in the form of 5-mC in CpG islands, which 

is the most widespread form of DNA methylation 

modification [4]. DNMT mainly consists of DNMT1, 

DNMT3a, DNMT3b, and DNMT3L. While DNA 

demethylase, namely TET dioxygenases (TET), mainly 

includes TET1, TET2, and TET3. These two types of 

enzymes jointly regulate DNA methylation and 

demethylation [5]. DNA methylation regulates gene 

expression levels without changing the DNA sequence and 

plays an important role in processes such as embryonic 

development, cell proliferation and differentiation, and 

maintaining genome stability [6]. 

Multiple studies have found a close relationship 

between DNA methylation levels and IVDD, and have 

further explored the possible mechanisms of DNA 

methylation regulating IVDD. Research suggests that 

when DNA methylation is located in gene promoters and 

enhancer regions, it usually reduces gene expression levels 

[7]. Ikuno et al. [8] used whole-genome association 

analysis of human NP, and found that 220 differentially 

methylated sites were associated with NP degeneration. 

Kawaguchi et al. [9] studied the growth arrest DNA 

damage (GADD)45G gene and cell cycle-associated 

protein 1 (CAPRIN1) gene, which regulate cell cycle and 

genome stability, and found that GADD45G and CAPRIN1 

are representative genes with high methylation levels in the 

core promoter regions of degenerated NP tissues. Kawarai 

et al. [10] examined the genome-wide DNA methylation 

levels of both coding and non-coding sequences in mice 

and found that long-term running reduced the global DNA 

methylation level of the intervertebral disc genome, 

improving sensory symptoms related to low back pain. 

For a long time, inflammatory cytokines have been a 

research focus in the molecular biology of IVDD. A large 

number of studies have shown that DNA methylation 

promotes the expression of inflammatory cytokines related 

to IVDD. Hou et al. [11] constructed a mouse model of 

lumbar intervertebral disc degeneration and injected 

adenoviruses carrying short-hairpin RNA (shRNA) 

targeting DNMT1 into the discs. The experimental results 

showed that the decrease in methylation levels caused by 

shDNMT1 significantly reduced the expression of pro-

inflammatory cytokines such as tumor necrosis factor 

(TNF)-α, interleukin (IL)-1β, and IL-6, and significantly 

increased the levels of anti-inflammatory cytokines IL-4 

and IL-10 at the same time. This also reduced cell 

apoptosis and alleviated pain symptoms. Silencing 

DNMT1 can inhibit the expression of IL-6 and TNF-α, and 

reduce the expression of NOD-, LRR-, and pyrin domain-

containing protein 3 (NLRP3), apoptotic speck-like 

protein containing a CARD (ASC), and caspase-1, thereby 

relieving intervertebral disc degeneration [12]. Cheng et al. 

[13] found that DNMT3a activated the NF-κB pathway, 
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promoted cell apoptosis and ECM degradation by 

methylating the peroxisome proliferator-activated receptor 

γ (PPARγ) promoter. The DNMT3a-mediated PPARγ/NF-

κB axis may be a new target for the treatment of IVDD. 

The transient receptor potential vanilloid subfamily 1 

(TRPV1) channel is a ligand-gated non-selective cation 

channel widely distributed in various tissues and organs 

[14]. During IVDD, TRPV1 is widely activated, causing 

inflammatory pain [15]. Hong et al. [16] found that along 

with the high expression of DNMT3b, the DNA 

methylation level of TRPV1 in the NP and AF regions 

increased after IVDD occurred, and the increase was more 

pronounced in the AF region than in the NP region. It is 

worth noting that individual studies have also pointed out 

the protective role of DNA methylation in the IVDD. Luo 

et al. [17] found that overexpression of DNMT3b could 

promote NP cell proliferation, upregulate the expression of 

type Ⅱ collagen and aggrecan, downregulate the 

expression of matrix metalloproteinases (MMP)-3 and 

MMP-9, and inhibit inflammatory reactions. The 

mechanism is that DNMT3b inhibits the expression of 

cyclooxygenase-2 (COX-2) by targeting the transient 

receptor potential ankyrin 1 (TRPA1) promoter. COX-2 can 

promote NP cell apoptosis by inhibiting the expression of 

Yes-associated protein (YAP). Therefore, DNMT3b 

reduces NP cell apoptosis and ECM degradation through 

the TRPA1/COX-2/YAP axis, thereby alleviating IVDD in 

rats. 

In human intervertebral discs, abnormal methylation 

in the DNA promoter region can lead to abnormal 

expression of miRNAs. Liu et al. [18] found that low 

methylation of the DNA promoter induced up-regulation 

of miR-132 expression, leading to down-regulation of 

growth differentiation factor 5 (GDF-5) expression, 

promoting NP cell degeneration and ECM degradation 

through the MAPK/ERK signaling pathway. Kang et al. 

[19] found that low methylation of the DNA promoter 

leads to up-regulation of miR-494 expression, resulting in 

down-regulation of SOX-9 expression, promoting NP cell 

apoptosis and ECM degradation. A study conducted by 

Zhao et al. [20] showed that DNA methylation inhibits the 

expression of miR-129-5p, promoting the synthesis of 

Beclin-1 and inducing NP cell autophagy. DNA 

demethylation increases the expression level of miR-143, 

inhibits the expression of B cell lymphoma-2 protein (Bcl-

2), and thereby induces NP cell apoptosis [21]. Chen et al. 

[22] found that the expression level of miR-217 was 

reduced in degenerate NP cells due to high methylation 

levels in their promoter region, and overexpression of 

miR-217 could inhibit IVDD by regulating the 

FBXO21/ERK pathway. 

Hyperhomocysteinemia (HHcy) is a disease caused 

by a lack of folate and vitamins B6 and B12, leading to 

elevated serum homocysteine concentrations and resulting 

in a range of symptoms such as pale skin and fatigue [23]. 

Zhang et al. [24] conducted a clinical epidemiological 

study showing that HHcy is an independent risk factor for 

human IVDD. HHcy can promote the expression of 

DMNT1, DMNT3a, and DMNT3b, and target glutathione 

peroxidase 4 (GPX4), leading to DNA hypermethylation 

and inhibition of GPX4 expression, thereby promoting NP 

cell degeneration through oxidative stress and ferroptosis. 

This discovery establishes a new link between HHcy and 

IVDD. 

2. Histone methylation regulates intervertebral 

disc degeneration 

In eukaryotic cells, the genetic information stored in 

DNA is usually in the form of chromatin structures. 

Nucleosomes are the core structural elements of chromatin, 

consisting of four core histones H2A, H2B, H3, and H4, 

with two molecules of each to form a spherical protein 

octamer [25]. Various post-translational modifications, 

such as methylation, acetylation, phosphorylation, and 

ubiquitination, can be found in histone tails. Among them, 

histone methylation plays an important role in gene 

expression, controlling chromatin accessibility, cell cycle 

regulation, and other activities [26]. Histone methylation 

mostly occurs on the N-terminal lysine residues extending 

outward from H3 and H4, and is strictly regulated by lysine 

methyltransferases (KMTs) and lysine demethylases 

(KDMs). There are three methylation states: 

monomethylation (me1), dimethylation (me2), and 

trimethylation (me3). The methylation of histone lysine 

determines transcriptional activation or repression based 

on its position and methylation state. The methylation of 

H3K4, H3K36, and H3K79 can promote transcription, 

while the methylation of H3K9, H3K27, and H4K20 

inhibit transcription [27]. 

Recent studies have shown a link between histone 

methylation and IVDD and discogenic pain. Stover et al. 

[28] clarified that the IL-6/A-kinase anchoring protein 150 

(AKAP150) pathway is a potential mechanism for the 

sensitization of dorsal root ganglion (DRG) neurons in rat 

IVDD, and targeted H3K9 me3 modification of AKAP150, 

inhibiting its expression, reducing DRG neuron activity, 

and relieving inflammatory-driven discogenic pain. Stover 

et al. [29] further found that IVDD could produce IL-6, 

which increased the activity of nociceptive neurons 

through TRPA1, acid-sensing ion channel 3 (ASIC3), and 

mechanically gated Piezo2 ion channels, leading to 

discogenic pain. Targeting histone H3K9 methylation at 

the promoters of TRPA1, ASIC3, and Piezo2 genes can 

inhibit endogenous gene expression and alleviate 

discogenic pain. Jiang et al. [30] found that the histone 

methyltransferase enhancer of zeste homolog 2 (EZH2) is 

highly expressed in degenerate CEP tissue. EZH2 inhibits 

SOX-9 expression through H3K27me3 modification, 

which promotes intervertebral disc degeneration. 

Inhibition of EZH2 can upregulate SOX-9 expression, 

making it a potential therapeutic target for IVDD. Xu et al. 

[31] found that the histone methyltransferase KMT2D was 

upregulated in human degenerate NP tissue. KMT2D-

mediated H3K4me1 and H3K4me2 modifications promote 

the expression of MMP-3, MMP-9, and MMP-13, leading 

to ECM degradation and NP degeneration. Silencing 

KMT2D or using the histone H3K4 methylation inhibitor 

OICR can reverse this process. In summary, there has been 

an initial exploration of histone methylation regulating 
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IVDD, but the specific mechanisms of histone methylation 

at different positions and methylation states regulating 

IVDD remain to be further studied. 

3. RNA methylation regulates intervertebral disc 

degeneration 

RNA methylation includes N6-methyladenosine 

(m6A), N1-methyladenosine (m1A), 5-methylcytidine 

(m5C), etc. Among them, m6A is the most studied form of 

RNA methylation modification, which participates in the 

regulation of RNA cycling stages such as transcription, 

maturation, translation, and degradation [32]. m6A 

modification is dynamically reversible and is co-regulated 

by methyltransferase "Writers", demethylase "Erasers", 

and methylation reader proteins "Readers". The currently 

known that m6A methyltransferases mainly include 

methyltransferase-like protein (METTL) 3, METTL14, 

METTL16, Wilms tumor 1-associated protein (WTAP), 

virus-like m6A methyltransferase-related protein 

(VIRMA), Zinc finger CCCH domain-containing protein 

13 (ZC3H13), and RNA-binding motif protein 15 

(RBM15). m6A demethylases include fat mass and 

obesity-associated protein (FTO), AlkB homolog 5 

(ALKBH5), and ALKBH3. The m6A methylation reading 

protein is mainly the YTH domain protein family, 

including YTHDF1, YTHDF2, and YTHDF3 [32]. A large 

number of studies have shown that m6A modification 

plays an important regulatory role in cell senescence and 

senescence-related diseases [33], and is closely related to 

bone-related diseases such as osteoporosis and 

osteosarcoma [34]. 

In recent years, the role of m6A modification in the 

process of IVDD has become a research hotspot. Xiao et 

al. [35] found that the expression level of METTL3 and the 

level of m6A modification were significantly elevated in 

human degenerated CEP tissue. Tension stimulation 

destroys the stability of SOX-9 mRNA and downregulates 

the expression of SOX-9 through METTL3-mediated m6A 

modification, thereby inhibiting the synthesis of ECM in 

the cartilaginous endplate. Xiao et al. [36] also found that 

METTL3 promotes the expression of miR-126-5p through 

m6A modification, thereby inhibiting the expression of the 

target gene phosphoinositide-3-kinase regulatory subunit 2 

(PIK3R2) and inhibiting the protective effect of the 

PI3K/AKT pathway on chondrocytes, leading to metabolic 

disorders and endplate degeneration. Zhu et al. [37] used 

the water escape behavior of mice to construct an IVDD 

model and detected m6A modification in the NP tissue of 

mice after IVDD through methylated RNA 

immunoprecipitation (MeRIP) technology. The results 

showed that the expression of METTL3 and METTL14 

was significantly upregulated in degenerated NP cells, 

while the expression of FTO was significantly 

downregulated. Their further research [38] found that 

METTL14 upregulates the expression of miR-34a-5p 

through m6A modification, increases the recognition and 

binding level of miR-34a-5p with DGCR8, thereby 

reducing the expression level of silent information 

regulator 1 (SIRT1) mRNA and promoting NP cell 

senescence. Chen et al. [39] found that oxidative stress 

increased the degradation of methionine 

adenosyltransferase 2A (MAT2A) precursor mRNA by 

upregulating METTL16-mediated m6A modification, and 

downregulating the expression of MAT2A will cause a 

decrease in S-adenosylmethionine (SAM) and apoptosis of 

NP cells. Wang et al. [40] constructed a static compression 

model of mouse tails and compared the m6A modification 

levels of NP tissue before and after degeneration. The 

results showed that most differentially expressed mRNAs 

and long non-coding RNAs (lncRNAs) exhibited 

significant demethylation after degeneration. The m6A 

regulatory factor zinc finger protein 217 (ZFP217) 

promotes the demethylation of these differentially 

expressed RNAs by activating the transcription of FTO. 

Circular RNA (circRNA), as an important component of 

non-coding RNA, has been shown to participate in the 

progression of various diseases including IVDD [41]. The 

role of circRNA methylation in IVDD deserves further 

exploration. Chen et al. [42] detected the m6A 

modification level of differentially expressed circRNA in 

the NP tissue of IVDD patients and found that 

circGPATCH2L was upregulated with the decrease of m6A 

level. circGPATCH2L, as a decoy for tripartite motif-

containing protein 28 (TRIM28), causes DNA damage 

accumulation and apoptosis by inhibiting the 

phosphorylation of TRIM28 and the degradation of P53, 

leading to NP degeneration. After m6A modification, the 

cir-cGPATCH2L can be recognized, cut and degraded by 

the ribonuclease endonuclease complex YTHDF2-RPL10-

RNaseP/MRP to maintain the physiological state of NP 

cells. This study expounds the role of circRNA 

methylation in maintaining the physiological state of NP 

cells, and provides a new target for the treatment of IVDD. 

4. Methylation jointly regulates intervertebral 

disc degeneration 

Recent studies have found that there was a close 

relationship among the three methylation modifications, 

which could jointly regulate gene expression through 

specific interactions [43-45]. In the research process of the 

mechanism of intervertebral disc degeneration, some 

studies have reported the role of methylation co-regulation. 

Tu et al. [46] found that smoking increased the release of 

mast cell-restricted tetramer-forming tryptases (MC-TTs) 

in the intervertebral disc, removed the inhibitory 

H3K9me3 modification on the METTL14 promoter, 

caused increased METTL14 activity, upregulated the m6A 

modification level of the DIX domain containing 1 

(DIXDC1) mRNA, increased the mRNA stability of 

DIXDC1 and promoted its interaction with Disrupted in 

Schizophrenia-1 (DISC1), activating the canonical Wnt 

signaling pathway to accelerate the senescence of NP cells. 

Li et al. [47] found that decreased expression of KDM5a 

can increase the H3K4me3 level in the WTAP promoter 

region and promote the expression of WTAP in senescent 

NP cells. WTAP promotes the m6A modification of non-

coding RNA activated by DNA damage (NORAD), and 

induces the degradation of NORAD through the 
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recognition of YTHDF2, leading to more PUMILIO (PUM) 

1/2 binding to E2F transcription factor 3 (E2F3) mRNA, 

promoting the degradation of E2F3 and accelerating the 

senescence of NP cells. Li et al. [48] found that after the 

decrease of H3K9me3 modification mediated by KDM4a 

upregulation, the expression of ALKBH5 increases, 

leading to the demethylation of DNMT3b mRNA. After 

demethylation, the expression of DNMT3b increases, 

inhibiting its expression through methylation modification 

of the E4F1 promoter, promoting the occurrence of IVDD. 

5. Conclusion and prospect 

Various studies have shown that methylation 

modification plays an important role in the degeneration 

and repair of intervertebral discs. Methylation 

modification has broad therapeutic prospects in various 

diseases. For example, DNMT inhibitors azacitidine and 

decitabine were approved for the treatment of hematologic 

malignancies, such as myelodysplastic syndromes, at the 

beginning of this century. And EZH2 inhibitor--

tazemetostat has been demonstrated to have strong 

antitumor effects in clinical trials [49]. Currently, the use 

of methylation in the treatment of intervertebral disc 

degeneration and its corresponding complications is still in 

the exploratory stage. Studies have confirmed the 

feasibility of treating intervertebral disc degeneration and 

discogenic pain using clustered regularly interspaced short 

palindromic repeats (CRISPR) epigenome editing 

technology [50]. It is a feasible research direction to 

combine epigenetic drugs with biological therapies based 

on growth factors, stem cell-mediated cell therapies, gene 

therapies, and tissue engineering to form different 

combined treatment strategies. In addition, age-related 

diseases are often polygenic diseases, and different genes 

involve methylation changes in different directions. The 

current gene knockout and overexpression models can 

cause global changes in the methylome and cannot achieve 

methylation at specific sites or genes. Precise methylation 

editing technology is the future direction and challenge. 

Finally, the main research objects of intervertebral disc 

degeneration are currently mice and rabbits, and the 

effectiveness, specificity, and safety of methylation editing 

therapy in humans need to be further verified. Future 

research is needed to clarify the above issues, further 

reveal the relevant mechanisms of methylation 

modification, and provide new ideas for the diagnosis and 

treatment of intervertebral disc degeneration. 
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[Ẁ (

8

!IJ

]w(Ûx¼ÜÜ�H

%

À>78ûÛ�

9_2'¨ýÁ

IW

¥¦v¡

'

GZ9;S

dd->

e

#X!!

�

ÑBx½X8®_

'

?1

����!��������

MM

�/[¥¦F

%

3ê�

!IJ

F8åf¿47(¦êåw

ª$8�Ðê�

'

[tÏ*êåw8[Gª$Øm

%

Ú

(

W

[Gàõö

d)J&d)3&d'

_

d(

V¬é#àRZÉ��õö

5ÌÏ

))2*

'

àõö6ç[¦Á\w(Û

&

øùÛ

&

ÃËÛ_

�ÊÛ�oW78ócä

%

ÜFàõöw(Ûcä

" Q0@FG.A

;AFQ>=<F0G.#

�(f�H

&

¥Üêåw['�

&

¥¦µµ²¥�

oWÈ¢F9­A¿-�

))6*

'

àõöw(Ûo9 �

d'&

d(

FZÒËÅ(Ç�a<8

I

Z

%

`ZÒËw(Åcú

"=>@0.A;AFQ>=F1<.@SA1<@A@% 4EN@#

_ZÒËuw(Ûú

"=>@0.A

HA;AFQ>=<@A@% 4!E@#

8�9²¥

%

m¾w(Û

";A$#&

6w(

Û

";A)#

_Ew(Û

";A'#

EWw(Û<�

'

àõöZÒË

w(ÛY[Üè+_w(Û<�8ÎÅ'9ÈÂ¼Ü

%

7(

OE

%d'4(&d'4'6

_

d'47*

w(Û[ýÁÅ'

%

>

d'4*&

d'4)7

_

d(4)%

w(ÛÕ¼ÜÅ'

))7*

'

MNOj0Ö×�Càõöw(Ûe

#X!!

'�ÑÀþ

�ÒÓê�®_

' 9FG?A1

�

))8*

ëC½

#YU6+J

]9ú.Îõ

ö

$2%"JU/0.<@A<.-QG10.DB1GFA0. $2%% J4JW$2%#

79*@«

#X!!

8æ�ÆË¿

"HG1@<=1GGFD<.D=0G.% !K[#

ÆËØ�Û8

¢�}Ü

%

x�û

J4JW$2%

Á\

d'4* ;A'

cä

%

¼Ü½

J4JW$2%

8�H

%

ãä½

!K[

ÆËØÈ�

%

§¼½¤y:¢

8�ÑÀþ�ÒÓ

' 9FG?A1

�

))**

8ÁZòÖ×9;

#X!!

º

 

#YU6%

78

NKWJ$&

Ë�é³#7Ç

'"<-0HU@A.@0.D0G. -Q<.U

.A='% J9#:'#

_}×©¥

W0AVG)

³#7Ç^Ô½s¶�ÆË

ØÈ���

%

º �ÑÀþ�ÒÓ

'

þÇ

NKWJ$&J9#:'

_

W0AVG)

(fó¢#àõö

d'4*

w(Û

%

[¦¼Üïþ�(f

�H

%

§¼�ÑÀþ�ÒÓ

' O0<.D

�

)'%*

9;àõöw(Åc

ú

VA@FA

�Ð#£_�

)"A.Q<.-A1GSVA@FAQG;G=GD)% cgd)#

�v¡

:cW

àáF]�H

' cgd)

78

d'4)7;A'

cä

%

¼

Ü

9"̀ U*

8�H

%

ýÁ�ÑÀv¡

'

¼Ü

cgd)

[¦+²

9"̀ U*

8�H

%

*

#X!!

8¢�TUþþ

' C̀

�

)'$*

9;àõ

öw(Åcú

4EN)!

�zrv¡

IW

àáF�H+²

'

$276$M

FÕÂÃÖ×

M)%)(

N

2

ØÙ

'7

ÚÙ

2

µ

M:Q0. O:=0. KA@%E<>)%)(% XG=L'7% IGL2M



4EN)!

"58

d'4(;A$

_

d'4(;A)

cäýÁ

EEWU'&

EEWU*

_

EEWU$'

8�H

%

Á>^Ô

c:E

é±_

IW

v¡

'

vû

4EN)!

Â��àõö

d'4(

w(Û¼Ü¬

"#:K

[¦Ä

ÅGZÁi

'

`�

%

àõöw(Û²¥

#X!!

:m½úò£

­

%

�N£è+_w(Û<�8àõöw(Û²¥

#X!!

8

lÏ}ÜmaÁZòÖ×

'

D1"@9

�!��������

MMKIJ

w(ÛÝÞ

I6U

w(xæç

"I6U;AFQ>=<HA.G@0.A%

;6J#&I$U

x;Ëw(Û

";$J#&

¦îïw(Û

";2:#

��

Ð

%

ÜF

;6J

*-/Ö×$o8

KIJ

w(Ûcä�Ð

%

�e

½Å'

&

Rø

&

78

&

ã±�

KIJ

¸�»À8²¥

)')*

' ;6J

cä*¢�[Ä8

%

Úw(ÛÅcú

+j10FA1@,&

uw(Ûú

+c1<@A1@,

_w(Û<=õö

+KA<HA1@,

$£²¥

'

-/:&

8

;6J

w(ÛÅcú¾¿ÝÞw(ÛÅcú´õö

";AFQ>=U

F1<.@SA1<@A=0/A% EcNNY#'&EcNNY$(&EcNNY$6&j0=;@

5�

$

0®õö

"j0=;@FC;G1$ <@@G-0<FAH B1GFA0.% jNJW#&

rÛí

;6J

w(ÛÅcúj0õö

"X#KEJ#&:::d

>1õö

$'

"g:'d$'#&KIJ

ªÓ(Êõö

$2"K3E$2#' ;6J

uw(Û

úÝÞÄ?@b_xyj0õö

"S<F;<@@<.H GRA@0F><@@G-0<FU

AH% ZN"#&J=/3

£þ�

2"J=/3QG;G=GD2% JY43d2#

_

JY4U

3d'' ;6J

w(Û<=õö¾¿S

fNd

ª$ôõöØ'

%

Ý

Þ

fNd!Z$&fNd!Z)

_

fNd!Z'

)')*

'

@­Ö×�C

%;6J

c

ä�¥¦é�'é�j0XÛF9­A¿²¥-�

)''*

%

xe

EwA6

&

E<��Ej0XÛÌÎj0

)'(*

'

MNO

%#X!!

8iF

;6J

cä8-�RS½Ö×Gþ

'

0̀<G

�

)'2*

�zv¡8

:cW

àáF9;

%EcNNY'

�H¥�_

;6J

cä¥���û]

'

g¡ª978

EcNNY'

"58

;6J

cä

%

qÛ

9"̀ U* ;KIJ

£Î�xo²

9"̀ U*

�H

%

À>¼Ü

ßEò�

c:E

8ÓR

' 0̀<G

�

)'6*

¥9;

EcNNY'

78

;6J

cäýÁ

;0KU$)6U2B

8�H

%

Á>¼Üþ(fÃË;8

U'

9

ú²¿�(

)" BQG@BQG0.G@0F0HAU'U/0.<@A1ADC=<FG1>@CRC.0F)%

W#4'K)#

8�H

%

¼Ü

W#'4+J4N

79ûßEò�¥¦8�

ü-�

%

5¹ãBÑ²_ò�v¡

' gQC

�

)'7*

½�t«8¥

CD\S$B

#X!!

\]

%

78w(Û

KIJ

ÿ!$vE

"EAK#W#

~.ä|

#X!!

ót«

IW

àá8

;6J

cä

%

ªï

�C

%

v¡

IW

¥¦ï

EcNNY'

_

EcNNY$(

8�H��+²

%

>

ZN"

8�H��o²

(

ÁZòÖ×9;

EcNNY$(

78

;6J

cä+²½

;0KU'(<U2B

8�H

%

�]½

;0KU'(<U2B

e

![:K8

8.Ù_ªÓ¥�

%

Á>ãävû¿4²¿f#

"@0=A.F0.SG1;<F0G. 1ADC=<FG1$% 9#KN$#;KIJ

8�H¥�

%

ýÁ

IW

¥¦é�

)'8*

' :QA.

�

)'**

8Ö×�C

%

ûÛ�978+²

EcNNY$6

"58

;6J

cä

%

��wÊÒËx;Åcú

)J

";AFQ0G.0.A<HA.G@>=F1<.@SA1<@A)J% EJN)J#

/Ï

;KIJ

8ã

±

%

>o²

EJN)J

8�H

%

Õ5^Ô

9U

x;wÊÒË

"9U<HAU

.G@>=;AFQ0G.0.A% 9JE#

8§z_

IW

¥¦8§¨

' j<.D

�

)(%*

$B½«6Ë�¿¸\]

%

ûkv¡/ó

IW

àá8

;6J

c

ä¥�

'

ªï�C

%

v¡ó@çé�­�H8

;KIJ

_´²

©Éø

KIJ"=.-KIJ#

�;åC�8uw(Û

' ;6J

²¥f

#>1õö

)$7"g0.-S0.DA1B1GFA0. )$7% gZW)$7#

789È

ZN"

8Å'

%

ýÁG%�­�H8

KIJ

8uw(Û

'

�<

KIJ"-01-KIJ#

-S©Éø

KIJ

8A¿àRçé

%

:cýÔ

�eô

#X!!

�ï8oWXÛ8Á:

)($*

' -01-KIJ

w(Û�

#X!!

F8-�t�ÁZò£­

' :QA.

�

)()*

ä|½

#X!!

Y

�

IW

àáF�­�H

-01-KIJ

8

;6J

cä¥�

%

9;

-01-[WJN:d)Y

UV

;6J

¥�8ãä>+²

' -01-[WJN:d)Y

-SEª$ôõö

)8"F10B<1F0FA;GF0S-G.F<0.0.D)8% NK#E)8#

8¿F

%

78¼Ü

NK#E)8

8ÃËÛ_

W2'

8ã±

%

^Ô

!IJ

âsbÏ_¥¦§¨

%

À>5¹

IW

v¡

' ;6J

cäó8

-01-[WJN:d)Y

[¦c[Í[ËïÎúvÓ�

fNd!Z)U

KWY$%UKI<@AW+EKW

.ÙxÎGã±

%

¦7�

IW

¥¦8 

-<�

'

�Ö×ë¼½

-01-KIJ

w(Û�7�

IW

¥¦ -

<�F8-�}Ü

%

S

#X!!

TU� X8þþ

'

E1

�!����������

MM

$X8Ö×9;

%

EWw(Ûcä�Ñê�ÌÎ®_

%

[

¦78;­�.ÙjÉ-�

%

$£²¥(f�H

)('

5

(2*

'

��

ÑÀv¡}Ü8Ö×8iF

%

:mçéºrÆÇ½w(Û$

²¥-�

' NC

�

)(6*

9;]ê���ÑÀïx@¥¦!Ü�

È Ì Ï r H õ ö ú

" ;<@F-A==U1A@F10-FAH FAF1<;A1USG1;0.D

F1>BF<@A@% E:UNN@#

8¹i

%

ue½

EcNNY$(

ó¢#+8¼Ü

�

d'4*;A'

cä

%

^Ô½

EcNNY$(

È���

%

+²½

!#̀

ª

$ôÝIõö

$"!#̀ HG;<0. -G.F<0.0.D$% !#̀!:$#;KIJ

8

;6J

cä¥�

%

��½

!#̀!:$

8

;KIJ

£Î�xýÁÜe

!0@1CBFAH 0. 9-Q0VGBQ1A.0<U$"!#9:$#

8jÉ-�

%

9ÈË>

j.F

¿*79��

IW

¥¦8é�

' Y0

�

)(7*

�é�8

IW

¥

¦F9;

%4!E2<

�H§z[�]

jNJW

ó¢#Øô8

d'4(;A'

¥�xýÁ

jNJW

8�H

' jNJW

ýÁ

!IJ

âs

9È 8 © É ø

KIJ" .G.U-GH0.DKIJ <-F0?<FAH R>!IJ

H<;<DA% I"KJ!#

8

;6J

cä

%

x78

fNd!Z)

8.Ù¿5

I"KJ!

8ã±

%

5¹To8

WkE#Y#""WkE#$+)

e

c)Z

Å'

f#

' "c)ZF1<.@-10BF0G. S<-FG1'% c)Z'#;KIJ

ªÓ

%

ýÁ

c)Z'

8ã±

%

��

IW

¥¦8é�

' Y0

�

)(8*

9;

4!E(<

+

²"58

d'4*;A'

cä§zó

%JY43d2

8�H��

%

5¹

!IEN'R

8

;KIJ

uw(Û

'

uw(Ûó

!IEN'R

8�H�

�

%

78û

c(Z$

ó¢#Á\w(ÛcäÀ>¼ÜÜ�H

%

ý

Á

#X!!

89 

'

G1

KL>=~

MM

V,Ö×�Cw(Ûcä��ÑÀv¡ecvF9­A

¿-�

'

w(Ûcä�VrXÛFlm~i8TU/0

%

r

!IEN

¼Ü¬JK¦;_,0ÅL

%

�¹NIúcM��¯

TUE�� ­(»Ó±�æë_gXÛ

%

¦'

cgd)

¼Ü

¬ÅNQÅ

%

�;m8ÂÃµÞFcýÔlmmÐ825�

-�

)(**

'

-/w(Û�TU�ÑÀv¡'j�x9y+¥

C¯£­»À

%

:mÖ×ýÔ½(¯nORP8ÑQàøº

$676$ M

FÕÂÃÖ×

M)%)(

N

2

ØÙ

'7

ÚÙ

2

µ

M:Q0. O:=0. KA@%E<>)%)(% XG=L'7% IGL2M



Av

"-=C@FA1AH 1ADC=<1=>0.FA1@B<-AH @QG1FB<=0.H1G;0-1ABA<F@%

:K#9WK#

�ã(fàÉR~.TU�ÑÀv¡'�þ�ÒÓ

8[\�

)2%*

'

I�ãåf��e ´f#S¾8 �Ud

&

ð¥¦"58¥¦Ud

&

(fUd

&

àá÷iªÓ�RN£8

®ÓTUSR

%

*[\8Ö×cÇ

'

��

%

é�j0XÛ(S

o(fXÛ

%

N£(fy'N£cÇ8w(Û�¡

'

-/8

(fXÑ'8�H\]5eRw(Ûà'8�ÿ�¡Û

%

>

N�Ô;;ÎèþÂ;Î(f8w(Û

'

s�w(ÛÉR~

.*ÆO9:8cÇ_ÄÅ

'

$ó

%

-/�ÑÀv¡¾¿8

Ö×ûTSt«_ØU

%

zrÏïw(ÛÉRTU8m^�

&

;­�_���maÁZòÞý

'

ÆOj¿78T��8Ö

×ëC+¼9H

%

ÁZò±«w(Ûcä8j0-�}Ü

%

S

�ÑÀv¡´U� X�9

'

MNOP

M

?

QR34

)$*MZ1<.-0@-GX% W0.GO% [G.Vq=AVU[<>Er% AF<=LJ.AP0;;C.G;AF<U

RG=0-BA1@BA-F0?AGS0.FA1?A1FAR1<=H0@-HADA.A1<F0G. )O*LI<FKA?

KQAC;<FG=% )%))% $8"$#! (7

5

6%L

))*M"Q.0@Q0N% #P<@</0I% 9CHGdL:<C@A@GS<.H ;G=A-C=<1F<1DAF@SG1

FQAF1A<F;A.FGS0.FA1?A1FAR1<=H0@-HADA.A1<F0G.! <1A?0AP) O*L

:A==@% )%))% $$"'#! '*(L

)'*Mj<.D̀ d% !G.Dfi% gQ<.Dd% AF<=L!IJ;AFQ>=<F0G. H10?A@<

.APB<FQ 0. D<@F10--<.-A1A<1=>HAFA-F0G.! -C11A.F0;B<-F<.H B1G@U

BA-F@)O*L[A.A@!0@% )%)'% $$")#! 8(7

5

86%L

)(*MY0c% gQ<.DfL!IJ;AFQ>=<F0G. 0. ;<;;<=@)O*L:G=H 9B10.D

d<1R WA1@BA-F30G=% )%$(% 6"2#! <%$*$''L

)2*MgQ<.D̀ O% d<. 33% 9Q<Ggf% AF<=LJCFGU@CBB1A@@0G. GSNAFH0GT>U

DA.<@A@B1GFA-F@FQA;GC@AGG->FADA.G;AS1G;GT0H<F0?AHA;AFQ>=<U

F0G.)O*LI<F9F1C-FEG=30G=% )%)(% '$"$#! ()

5

2'L

)6*ME<FFA0JY% 3<0==>I% EA0@@.A1JL!IJ;AFQ>=<F0G.! <Q0@FG10-<=

BA1@BA-F0?A)O*LN1A.H@[A.AF% )%))% '8"7#! 676

5

7%7L

)7*MOG.A@WJLZC.-F0G.@GS!IJ;AFQ>=<F0G.! 0@=<.H@% @F<1F@0FA@% DA.A

RGH0A@<.H RA>G.H)O*LI<FKA?[A.AF% )%$)% $'"7#! (8(

5

(*)L

)8*M#/C.GJ% J/AH<4% N</AR<><@Q09#% AF<=L[A.G;AUP0HA<.<=>@0@GS

!IJ;AFQ>=<F0G. B1GS0=A0HA.F0S0A@H0SSA1A.F0<==>;AFQ>=<FAH =G-0<@@GU

-0<FAH P0FQ QC;<. 0.FA1?A1FAR1<=H0@-HADA.A1<F0G.)O*LWYG9 ".A%

)%$*% $("*#! A%)))$88L

)**M4<P<DC-Q04% J/AH<4% f<;<H<O% AF<=LcTB1A@@0G. GS[J!!(2[

<.H :JWK#I$ 0. QC;<. .C-=AC@BC=BG@C@! 0;B=0-<F0G.@SG10.FA1?A1U

FAR1<=H0@-HADA.A1<F0G.)O*L#.FOEG=9-0% )%)'% )("6#! 2768L

)$%* 4<P<1<0f% O<.D9d% YAA9% AF<=LcTA1-0@A<FFA.C<FA@=GPR<-/

B<0. <.H <=FA1@AB0DA.AF0-1ADC=<F0G. 0. 0.FA1?A1FAR1<=H0@-@0. <

;GC@A;GHA=)O*L9B0.AO% )%)$% )$"$$#! $*'8

5

$*(*L

)$$* dGC f% 9Q0[!% [CGfZ% AF<=LcB0DA.AF0-;GHC=<F0G. GS;<-1GU

BQ<DABG=<10V<F0G. B1A?A.F@=C;R<1H0@-HADA.A1<F0G. )O*LJD0.D%

)%)%% $)"8#! 6228

5

626*L

)$)* dGC f% 9Q0O[% [CGfZ% AF<=L!IEN$ 1ADC=<FA@BG=<10V<F0G. GS

;<-1GBQ<DAU0.HC-AH 0.FA1?A1FAR1<=H0@-HADA.A1<F0G. R>;GHC=<F0.D

9#KN6 ATB1A@@0G. <.H B1G;GF0.DB>1GBFG@0@.( <.<)) O*LJD0.D%

)%)'% $2"$%#! ()88

5

('%'L

)$'* :QA.DW% jA0dg% :QA. dj% AF<=L!IEN'<U;AH0<FAH

;AFQ>=<F0G. GSWWJK

$

B1G;GFA0.FA1?A1FAR1<=H0@-HADA.A1<F0G. R>

1ADC=<F0.DFQAIZU

%

3B<FQP<>)O*LO:A==EG=EAH% )%)(% )8

")#! A$8%(8L
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