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CHAPTER 1

Introduction

y t ecreasing of bone strength Yand is a
/ ds to an increase risk of fractures

.. [45
ases mortahty[ : . Therefore,

Rational and Background

fracture preven’uon"g'é"m_'l im gtreathorOS|s and also the main
outcome for the (yﬁ B

The pharmac al

classified into t
decrease the bon | it “oste ity. The use of these anti-
catabolic age [ ’ bisphosphonates and
selective estroge .,\‘ to a reduction in the

occurrence of vertebr d I ; . A second class of agents

which used to tre i ‘anabolic di 5 action is increasing bone

mass and bone streng by‘ y‘;;_g 3 elmg and new bone formation.

Parathyroid hormone is a typic "-'-'"* Class. It increases bone formation more

dﬂ'.u*' /3
than it increases boneresorg leac e ent‘&(:\bone mass and bone

archltecturekéT ohg with a reduction of the incidence of fractui he last class of the

anti-osteoporesis a ( . These agents will

.

increase bone fd‘ ation while also

. | . 10
oone resorption %Jpe same time"'”. These

agents are such a?trontlum ranelate and a fo f vitamin K2 called “menatetrenone”.

of E’l Tlﬂ”lﬂiﬁmﬁﬂ A K b

studle Although there are ma? clinical studies about effects of menatetrenone on

A WARNLIT AATINGANY

surrogate outcomes such as bone mineral density (BMD) and biochemical marker of
bone turnover (bone turnover markers, BTMs) are accepted. Especially, bone turnover

markers, they can used to classify the mechanism of action of each drug into the anti-



resorptive agent by observing the reduction of bone resorption marker or define it to the
bone-anabolic agent by observing the increasing of bone formation marker.
In the past, we used to understand that vitamin K is only necessary for blood

coagulation. Now, the scientist found the new knowledge about vitamin K that besides

its role for blood clotting, vitami p rtant for the bone metabolism and may

related to some important other human tissues. There is a

our body ct|on properly depend on the

is grgp of _Mmm K dependent proteins”

very important group

adequacy of vitaw
(VKD protein)m. ese

some positions. e them into the gamma-

carboxyglutamic optimum function. The

-

Glu to Gla ne [ (r[1 Cé C amin K insufficiency, the

it

glutamate residue roteins’ cani

named these vita "3 K 3-containing proteins” due to the
necessity for the ful 5 ; of ‘these ins “depended on the present of
completeness of Gla-residual s—Fhe itan Cdependent proteins (VKD) which have

not completed gamme annot work properly, and we

—~

name them._as “undercarboxyted form”(uc-form) . The VKD

proteins which were
completely gamima 0 ﬂ& e name them as full-
. .

carboxylated form or mature fo Gla Tesidues in th% proteins have a strong

ability to bind wﬂhfa calcium binding ab|I|t ' At least, three vitamin K-dependent

oﬂ 18 *J“mﬂm 1 W 4 o T

carbo glutamlc acid (Gla) protein @GP ). Itis a small ca’’ blndlng protein that contalns

qWIRNILL UARIINLTAY

is not fully understood, a number of findings suggest its importance in regulating bone

17,18]

mineralization, maturation, and remodeling Many of epidemiological studies have

shown a relationship between vitamin K intake and bone health. The two largest of these



[19-21]

studies are the Framingham Heart Study and the Nurse’s Health Study . Both of
these studies have indicated that vitamin K intake, measured by food frequency
questionnaire, correlates with hip fracture risk and bone mineral density (BMD)[ZO]. In the
Nurses’ Health studym comprising 72 327 women aged 38-63 years, it shown that an

ssociated with a 30% higher risk of hip
J et al [2223], reports of significantly

1, MK- 7 omen and men with hip or

intake of <109 mg/day of vit

fractures than with higher

reduced blood Ievels‘m
vertebral fracturdes/“‘wlpaéath c trols tdie es?? in Japanese also
reported that reduced s | I : soclated with reduced lumbar

spine BMD in

Direct m /i [ omplicated. Nowadays,

there is poor carboxy ‘V;.'- insufficiency state. The
carboxylation statu =pendent r factar for fractures. This fraction
of ucOC is significan o2 1 au women, especially in elderly
women®®. Its serum levels ret ""-; es for young adults after treated with low

LN IN T
A 1{: [N

doses of vitamin K1°™, W& atso-shos atively correlated with hip bone

mineral dertu’f --------- action-of-ucOC-is-a-powerful predictor of hip

[29,3 .
fracture ~Howe Sut vel of ucOC level in

ot il

serum for the viha in K insufficiency. We believed that the Ie@ of ucOC in serum may

different in each raae In Japan by Shiraki et aI nd most of expert in this field, agree

levﬂuﬁﬂnﬂﬁﬂ ‘mmm o

serum cOC was 2.69 ng/ml (95% % 2.48-2.90), so he conclude that the level of ucOC

A WIANE I (\iwiey 1wt

ng/ml. The dissimilarity between these results might be come from the difference in
method used for measurement of ucOC, difference in dietary habit, and the last may be

due to the racial difference in genetic basis. There are few clinical studies for vitamin K



which have fracture risk reduction as primary outcome of the study. Most of them done
in Japan and used menatetrenone (MK-4) as the study agent. A study by Shiraki et al,[33]
which is the landmark study in postmenopausal women has been done in the year 2000.
This is the randomized controlled trial (RCT) of 241 postmenopausal women, average
age of 67.2 years old and 2 p. He found that menatetrenone can
significantly decrease ve // out 53%, but cannot reduce the

non-vertebral fractur

Howeverwt tre men@p%tmenopausal are still
controversy. As mention ] ar steocalcin (ucOC) was clearly

in K decreased ucOC.

negative corre
Vitamin K may BTMs\as ) rvation of BMD. These
variation in efficacy. itami G e of witamin K administration (K1

or K2), the dif sofption and fransport ) o body which depend on

“ =

lipoproteins, the ti ific differénce upt t in K (K2 is better than K1 in
extra-hepatic tissue . \ o differences in efficiency of
enzyme GGCX whi nism. Among GGCX gene polymorphism,

only one single nuclgetides Fohis ) re rted, found to correlate with

BMD™. Report by Krnoshlta g — )7, shown that the GGCX gene is on

chromosome 2p12 andifié mititation in exe osifion ?9664 (Arg325Gin) is
correlated WitAiBMD. )

Research Obje:je
" ]
1. To evaluate the different effects among the level of ‘'serum ucOC response at

three mon‘s&r treatment with Mtetrenone |n Thai postmenopausal

We ween the paélents whic or G geno ypes and the patients which

have GG genotype.

IR 0 ammrmaﬂ

GGCX (rs699664, A/G) gene polymorphisms.



3. To find the difference of baseline ucOC and bone turnover markers among the
differences in GGCX (rs699664, A/G) gene polymorphisms.
4. To find the distribution frequency of GGCX (rs699664, A/G) gene

polymorphisms. (AA, GA and GG genotype) in Thai postmenopausal women

- N

There is som |nd out ubjects for this study in one-

investigational cw stu _ ay be needed. To study the
gene polymorphism, we ific lak ory-whi ave a facility to do all these
genotyping pr 3 “\ sital is one of the leader
hospitals that ca need to be incorporate

with.

Vitamin K: VitamindKiis & family a1ly. similar, fat-soluble vitamin, 2-
methyl-1,4- i i clt ; /lloguinone menaqguinones (K2). The
structural difference is -.-.= . 3 1. itamin K1 possesses a phytyl
group (partially saturated p ViSoprenoios UD), while K2 possesses a repeating,

- Lo

unsaturated trans-polyi found in higher plants and

algae, with«the, highest concentrations found-in-green-leafy- tables™. The most

g_“natetrenone; MK-4),

[35]

common form
i

| el
produced by thtH[ rocessing of exogenous and bacterial naph}ﬂfquinones

ﬂ‘Uﬂ’JVIﬂVIﬁWﬂ']ﬂ’i
ﬂmmmmum'swmaﬂ



o Vitamin K,

CHa

cofactor in a number of
th vitamin K are the vitamin

ieins'needed to be under this process
for fully biological function ar *ax-:-—ulr-n--l dependent proteins” (VKD). There are
many VKD proteins in.o are prothrombin (factor Il), factor
VII, IX and k_ otein S, protein C and protein Z. For the extra é;étic tissues, such as
bone, there L 7 cﬂ\LJS.

| emman
by ostephlasts and odontoblasts.

Human osteocalcm avmg 49 amino acids. Its amlno acid sequence (primary structure)

FIU%J NSRS

reS|d at positions 17, 21, and 24}wat can be posttranslatlonally modified to gamma—

QRTAVATE Ineiay

regulating bone mineralization, maturation, and bone remodeling.
Undercarboxylated Osteocalcin (ucOC): is the fraction of the osteocalcin in the

circulation which is not fully carboxylated. In healthy adults, a very small portion of blood



clotting factors is undercarboxylated. In contrast, a substantial portion of circulating OC
is undercarboxylated. Thus, circulating undercarboxylated OC (ucOC) is a more

sensitive measurement of vitamin K status than are the conventional blood coagulation

[18]

tests

Bone Turnover Marker ’ is a metabolically active tissue that
undergoes continuous r \& / acting processes, named bone
formation and bone ese pro ‘)n the activity of osteoclasts

n).

(resorption), os’t?@aﬁO
formation are tightly cou

the “biochemi

nder m |f|ons bone resorption and

r markers or some time we call
| molecules which are
products of the both cells, osteoclasts
(bone resorption m ’ s (DC arkers). We can measure
these biochem TL ¢ ut the status of bone
resorption process

Bone i & i e resorption markers are
degradation prod - _ jen’ 1€ ess of osteoclastic bone
st in

resorption. They refle ‘JAL'_‘@:’ emodeling process. The most

¥

useful bone resorption markers Ce are beta-CTx (C-terminal telopeptide)

and NTx (N-terminal.telo tide) T y.makers, such as urinary PYD

(urinary pyp&" 3 ..-.:-_:.-.:_,.-.-.:.--_:...:_-! ary pyridinoline) w @

were used in some
institutes. ol _ -_l_k
=1

Bone forr ation markers: are produ of active osteﬂihlasts expressed during

different phases 86 osteoblasts developme nd also products of bone matrix

Fmﬂ TNINEINT

P1NP ype1 collagen Ntermma‘propepnde P1CP type1 collagen Ctermlnal

A WL iy eI IRE

glutamate (Glu) residues in the VKD proteins into gamma-carboxyglutamic acid (Gla)
residues. It is the vitamin K dependent enzyme which needs vitamin K as a co-factor.

When vitamin K going into our body, it has to change into “hydroquinone” form and then



together with this enzyme (GGCX) it modify the Glu residuals into Gla

residuals)m].(ﬂgure 1.2)

" boxylated (Gla-
7 /n VKD protein

itami Kepoxide
reductase

AUEATEISWE TN
RABI TR TAY

encoded from this gene will have some differences in their functions, we call these

“polymorphism”.



Gamma Glutamyl Carboxylase Genes: is the gene encoded for enzyme
gamma-glutamyl carboxylase. The genomic structure of GGCX gene was elucidated in
1997 It is reported that the rare mutations of GGCX gene with amino acid substitution

(Leu395Arg, Trp501Ser) cause consequential abnormal enzymatic activity, and these

37,38
and severe bleeding disorders™*,

, iati tween of the GGCX gene with diseases

i i 20 L ientist”", found another SNP

in this gene withw i inese women, the CCGX with amino
acid substitution at positi : distribution frequency of

[39]

and GG = 47%

Usually it effieacy [etrenone -4) by using BMD are
still controversy. T _ ' qave sl ightly increasing of BMD,
unfortunately, ; 28 31y i ucasian. However, menatetrenone

: . \o. se population as well as in
Thailand. On the other , U i e over response or ucOC levels
usually shows impressive resu = have some studies report no changes in bone

turnover markers, especie

investigatio@r . So this study

mostly use vitamin K1 as the

,&Jaused by differences
. J:

in genoﬁ)}e poly onstraﬂthese results, we will

understand ome of the mechanism underlymg bone loss in postmenopausal

ﬁﬁE] ANUNINGIDT-en

nd Asian may be clarified b differences in genotype distribution of this GGCX

0 RSt S redy

population.
3. This is the first time in Thailand and also in Asia to study the differences between

GGCX gene polymorphism and the responses of ucOC and BTMs. This is also



10

the first time to find the distribution frequency of GGCX gene in Thai

postmenopausal population.

Research Conceptual Framework

—moCreening for GGCX rs699664, A/G

g o/ymor,oh/sm

a eline ucOC, BTMs status

Follow-up

1 month Follow-up BTMs

—

.
ucOC = undercarboxylated 04‘ ;alcin
BTMs = bone turnover mark

and ucOC levels
MK-4 = Menatetrenone ‘

AUEINENINEINI
QRIANTUNA TN

Follow-up BTMs

Primary Outcome -Change in
ucOC levels a”mths



Table 1.1 Time schedule

11

Visit 1
(day 0)

visit Screening

Visit 2
(1 month)

Visit 3
(3 months)

- Recruitment

- Check for

inclusion/exclusion

- Informed consent

- Demographic data s

- Baseline blood testing

ucOC, BTMs, CCGX

genotyping

- Prescribing MK-4 an,
prescribing calgit
vitamin D

- Visit and check-up for

potential AEs ¥
- Prescribing MK-4,
calcium + vitamin D

- Blood test for BTMs

- Visitand Crkc

potential Al
.

- Prescribing Mﬁﬁl
calcium + vitamin D

Blood.test for ucO
" L ]
B G est for B -

A .‘-i -..' d

prepare manuscript

RAINTUINTING 1AL



CHAPTER 2

Review of Literature

Review of Literature

Many studies about effica \ enatetrenone (MK-4) by using response in BMD
are still controversy. Some, studies\ha / increasing of BMD“**? in treatment

of postmenopausal NE ECI ed treatment with vitamin D.

Unfortunately, mw not. !heseﬂw‘\tetrenone studies reported
maintenance of or sup S¢ bar spine, hip, or metacarpal

regions, or im e populationm]. On the

other hand, the ows impressive results.

Most epidemiologic ' itha et ark s of OC which measured

\ \ [18]

.|n ident
N A\

in o -kcu; iC peo

and circulating

\"fractures than healthy age-
matched controls - Jdition. S { of BMD, the effect of
- -H '_,j" arkably reducetthe serum ucOC levels are
potential benefit for re | e- -

To elucidate the mechanisim-6 enatetrenone by using biochemical

markers of b,q\ne turne

172 Japanége.postmenopausal-women-who-Rave-osteopenias Or osteoporosis for 2

hiroyama_et alm, have studied

years. Subjetts’we ng:-43’subjects) which were

el

menatetrenone th rapy group, vita D erapy group, men%trenone and vitamin D3

combined therapyero g or a control group rwlng dietary therapy alone. The bone

AL NI INEITIC

osteo cin) and also increasing |?bone resorption act|V|ty by increased in urmary

q RIRSAS NI TSI

serum beta-CTx about 65% in 6 months. This study demonstrates the anti-resorptive
property of menatetrenone in corresponding with most in vitro and in vivo studies. Other

study in Asian population done by Shiraki et al[46], revealed moderate increase in urinary
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NTx in group that received menatetrenone compared with calcium group. In this study,
no significant differences of serum BSALP(bone specific alkaline phosphatase) levels
which is one of the maker for bone formation between menatetrenone and calcium
group throughout the study. There Were also no significant differences of urinary DPD
(deoxypyridinoline) excretion b roups throughout the study. Binkley et

N i/} erican women randomized into 3
qui (1 mg _—_—_g}menatetrenone (45 mg daily),
or placebo for 1thyllgumo Wrenone treatment reduced
serum ucOC but did not j "0 . e variation in efficacy of vitamin

K2), the difference of

al*” , study in 381 health

groups, vitamin K1 o

K may be du

absorption and ifferences in uptake of

vitamin K (K2 is be ine 2 . ‘ “ e last reason may be due
to differences | ic »- o C a ay which depended on
genetic polymorphism. ' \\

itami \ GCX gene is the most
interesting one. It i -ﬂ 33 :f s yme a-glutamyl carboxylase. This
enzyme is essential f Ffi“ U .7" re ues in the VKD proteins into

gamma-carboxyglutamic acid Lg-;;wr- and is the vitamin K dependent enzyme

. . ZIMIIN T,
which needs_vitamin s -a co-factor. T ucture_of GGCX gene was
elucidated g I LIS reported tnat i (ne rare mutations of X gene with amino
acid substitttien:

.

.- abnormal enzymatic
activity, and these lead to vitamin-K-depende protein def.@s and severe bleeding

37,38]
drsorders

£ ﬁﬂ'ﬁﬂ&lﬂ?ﬂﬂ"mﬁ;ﬁ?i

chro ome 2p12 and the mutatlo?ln exon 8 in the posrtlon rs699664 ( Arg325(3|n

3 WLANR AMTINLTNG

Among these residues, 343 (Cys) and 345 (Tyr) were suggested to be located near the
catalytic center™”, Moreover, it was also reported that chemical modification of 323-Cys

and 343-Cys decreased its carboxylase activity[34]. Considering a study of human GGCX
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membrane topology, human GGCX probably may span the endoplasmic reticulum
membrane 5 times and the interval of fourth and fifth transmembrane region may be
composed of amino acids 313-361". Since amino acids 323-Cys, 325-Arg/GIn, 343-

Cys, 345- Tyr and 343-355 are involved in the interval of fourth and fifth transmembrane

regions (313-361), the amino acid Sub y\ of 325 residue (Arg/GIn) may affect

Jitec! /‘"/\fluencing the function of these
residues. People with 32 Sell --".-,-;; t have a %cy of carboxylation of these

proteins with the W
GIn was higher th

examine the re

AuINENINYINg
RIANTAIMINYAE



CHAPTER 3
Research Methodology

Population

Target population: Amiula nopausal women

Sample populatien: steoporosis clinic on

e 7
Phramongkutklao h@tudy@no ulfill the following criteria.

Eligibility{

Inclusion criteria:

- Hi ] g of ot 1 one'diseases

‘gical malabsorption syndrome

- idénee of bthe cehr diseases ibat will effects the
3@" LS alla e irvesuuators aeCiae t0o excive .a )
- Jic O1

- NotAH%aentlyuseo varfa

- Presen? of cancer within 5 years.

f TYINENINYIN T

Recently consumed an efess alcohol(>4 drink per day), or abused dru S

q W’] SISTNATINY TaY

- Prior use of bisphosphonate, strontium ranelate or teriparatide within 6
months

- Prior use of investigation drug within 3 months
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Sample and Allocation

Sample size determination:

Hypothesis testing for difference of two means

WU . = mean % change from basé " f ucOC in Thai postmenopausal women after

' i€ ne & M// or AG genotype
U , = mean % change. ostmenopausal women after
M

Average ucOC level i C '1 ’ 0.00 + 3.82 ng/ml (mean * SD)

Average ucOC level i 0.68 + 4.44 ng/ml (mean + SD)

After 3 months of menatetre —, en OC level fall into 5.31 + 0.89 ng/ml
Pooled SD
‘o
AUYIN
N g o (Y
AR ANIUHBETINYINEY
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Sample size is calculated from this formula:

N x (4)°x (1.96+0.84)°

I
N
Q
—
N

Q
+
N

=]

P

I
N

erence of ucOC from

The difference betwe C X! k/{ﬁoud enough (no study
. . ‘ -

onths is + 0.89 or around

oMap project[ag] are AA

=9%, AG = 44% , 2478 L if we divide group and GG group we
g WA A

can have two gr ' | Size 1 i subjects per group after

account for 15% drop out is f and twoe Il be 140

Allocation tec

At oSieeporosis . clinic, Tharpostmenonausatwomenwhosceme to attend will be
selected 4 gl.r ¢ a. V_\@*n who consent for
the study Wi”“ > included. After that, they will be sent to b|@M testing for baseline
biochemistry, b@e nover markers, ucOCUI and GGCX (rs699664, A/G)

ﬁuﬁ?ﬂﬁ JNEINI

em will be receive treatment of menatetrenone 45 mg per day in divided

doses of 1x3pc, and calcium ca‘onate 129 plus vitamin D 400 IU per day

QWﬂeﬂﬁﬂ‘imﬁJWﬂVImﬁ d
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Outcome Measurements

Primary outcome:

- mean % change from baseline of undercarboxylated osteocalcin (ucOC) at 3

months
Undercarboxylated ox_.,_ wﬁ the osteocalcin in the circulation
which is not fully carboxylate th small portion of blood clotting
< ,
factors is underca@‘m con@st a rtlon of circulating OC is
undercarboxylate _ eure_: QC T thiss is Glu OC-EIA kit. This

will be assessed nique (Takara Bio Inc.,
Tokyo, Japan, CV 4 . s ' serum osteocalcin, which
kers. We will be draw

the blood in the i '8.0Q.a.0T ther wi ta-CTx and P1NP.

' \- on a sandwich method that
utilizes two mouse | Gional i antibodies to detect GIlu-OC or
undercarboxylated osteocalcin{ucC by two-step procedure (fig 3.1). One of the
mouse monoglona obil microtiter plate and blocked

aga”’]st .‘,Ifnl_iiiiiiiiiiii;‘éiiiiiiiik-zlll-‘ﬂulll-zll-_ll— _Q; eaCh We”s and

incubated.

-s 0 ‘g‘-‘%econd anti-OC labelled

with peroxidasé'! POD). During this incubation, ucOC is d to anti-ucOC (solid

phase) on one S|d‘a tagged on the othervPOD -anti OC. The reaction between

.o uﬁ:mﬁm ﬂmﬁ‘i:;:':;

stand?ds The amount of ucOC Car&e quantitated by asurlng the absorban

WIAND ORI TNH IR

standard curve (fig 3.2).
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labelled antibody substrate

~ G:} colour formation
POD

GIa—OC or Glu-OC

\' |

|mmob|I|zed_,

ant|body/

Fig 3.1 Schematic demo i nmuneas hnique of Gla-OC or Glu-
OC(ucOC) Kit.

Procedure:

Double Js should be performed. All of
the Kit's content ' _ V0 1007 claturé before use. For thorough
mixing, the microtiter = on a plate mixer or by mixing the plate
sporadically by hand. Enzy t oF J > performed using standard procedure

Ire the result absorbance at 450

4\ s possible after the

'dbn of stop solution if

according to the manufag "
nm with a £

completion &

ﬂUﬂ’JVIﬂVIiWﬂ’]ﬂi
ﬂW’]ﬂ\‘iﬂimﬁJ‘lﬂ’]'mEJ’lﬂﬂ



20

Gh-0C-19 12310

204

Standards
Suppressed Stds
Siandard Curve
nﬁn
Fig 3.2 Standard€urve
Standard curve
Record t _ r ea ard well. Average the
duplicate values and e Vieie: Jes. > absi e (vertical axis) versus the
ucOC concentration in 0KZOf .h?' for t “1 standards using optimal fitting
curve (fig 3.2)
Samples:
the yance at 450 hm ell /Average the duplicate

values and [Echrasthe-averages=koeatesthe-average-apsonwaiioc value on the vertical
. A1

axis and follow

, , |

intersection, re

AHEINYNINGINT

II subjects’” DNA was |solated from frozen buffy coats of whole blood (3 ml,

oriz r}Le". ig 3.2). At the point of
|
he ucOC concentration (ng/ml) from the ho\&l‘antal axis.

collected into EDTA) by a nonenz at|c extraction méthad. Sequences of theuSCX
Elis A ERa e a
primers designed as reported prewously (forward primer
TCCTACTGCCCCCGAAGGTTGCAACAA-3' and reverse primer 5'-
TTGTTGCAACCTTCGGGGGCAGTAGGA—3'). PCR cycling conditions and genotyping
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will be run by standard procedure according to the endocrine laboratory in Ramathibodi
Hospital as following. DNA 20 ng was add into the PCR reaction which consists of
TaqMan® Universal Master Mix(1x), TagMan® MGB probes(1x) in a total volume of 10

L. The real-time PCR reaction protocol is ,10 min 95° C, and 40 cycles of 15 sec 92

C,1 min 60° C using 7500 Real Ti 1< /y// Applied Biosystems, Foster City, CA).

en (
Real-Time PCR Sy ‘-—__—?

TaqMan®W x Wantitative PCR methods.

YBR'Gre od, which uses a florescent

can generate in TagMz ] PCR, besides reagents

required for regu itiongh g od, are 2al-time PCR machine, two
F \r a3l v

PCR primers with a &"p odl a‘; 0f"90-150 bp, a probe with a fluorescent
reporter or fluorophore 0y escel AM) and tetrachlorofluorescin

TAMRA) covalently attached to its 5'

The - @he fluorescent parts

of reporter r{ cins (Green Fluorescent Prote - 0 jn—used fluorophore).
L IS

While the probjis 3 plﬂ/ DNA and before the
(1§ I |
polymerase actsythe quencher (Q) fluorophore (usually a long=wavelength colored dye,

such as red) reduc‘sﬁ‘luorescence from thMorter (R) fluorophore (usually a short-

waﬁ'gu@IH dya ﬂﬂrgﬂ It ioéﬂsﬂ tﬂuﬂfﬁorescence
Resoﬂwce nergy Transfer (F , W

hich is the inhibition of one dye caused by another

without emission of a proton. The rﬁorter dye is foundg@nythe 5" end of the pr n

dbgfand
q Wﬂn@ ﬂeﬂn . h zmrobihlasroﬁtﬁﬂﬂ@cﬂ
q the template DNA after denaturation (high temperature) and the reaction cools, the

primers anneal to the DNA. Tag polymerase then adds nucleotides and removes the

Taqman® probe from the template DNA. This separates the quencher from the reporter,
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and allows the reporter to give off its emitted energy. This is then quantified using a
computer. The more times the denaturing and annealing takes place, the more
opportunities there are for the Tagman® probe to bind and, in turn, the more emitted

light is detected.

Secondary outcome: % /y
- mean % change fr& b % rker PINP and bone resorption

marker beta- CTxf at-1-an ontr;. ’,

'n T ai PO en treated with

- The pattern 0
menatetrenon
- The pattern of s (BTM Thai postmenopausal

- Distribution f 5CXYLSOS : orphism (AA, AG and

, “pae ,
- The associa I 1C( o irkers and differences

among of GGC \ d will describe in mean
and SD
- mean % change from a-=- gicge hone. markers at 1 and 3 months
As v are further divided into the

marker of Dene resorotion and e me # which reflex both two
essential par’ _-i) S résorption use in this study
is the serum C—{%I peptide cross-linked of collagen type-I (b : CTx) or beta-Crosslaps

assay. This will bga ssed with electrochemildminescence immunoassays (ECLIA)

mﬂuﬂﬂ WETINETTT

collag type-l N-terminal propeptm# (P1NP), which is the pure bone format|on

Qﬁﬂﬁﬂﬂmﬂ‘lﬂﬂﬂm 8%

technlque (Elecsys, Roche Diagnostics, Mannheim, Germany, ng/ml; intraassay CV 2.3-

2.8%)""
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Serum for ucOC as well as beta-CTx and P1NP assessment was collected in the
morning at around 8.00 am, after an overnight 12 hours fasting and will frozen at —20° C.

All specimens will be sent to the central laboratory for test and quality control.

Intervention \ ,//
Medication: \\ //
ﬁ@to be taken in one capsule

- Menatetrenone
(15 mg) threW -~-.._. ths.. Subjects were instructed
how to take the ; : com 1CEk n the drug packet on

follow-up date.
- All patien aily, wi ng calciumiearbonate combined

200 IU vitami , iII have 1.2 g/d of

calcium carbon ' o ‘ ) [ t the 3-month period.

t bone metabolism or

- After evaluation for baseline-data-(visit Jbjects will received medication as

nonth and 3 months

- Visit 2 (b the subjects will recei
ion. Ja-CTx and P1NP.

s will re‘iEh/ed the medical

evaluation from‘;he investigator and blood testlng for ucOC and serum beta-CTx

ﬂ”ﬁmmmwmm

Data llection

QW’l AN Ingnay

Demographic data, baseline characteristics:

ved the medical

- Visit3(2mﬂm h+1w

- Age (year), Weight (kg), Height (cm)
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- Years since menopause
- Fracture history

- Other risk factors of osteoporosis

2) Blood testing:

Liver and kidney.ft

-

1) Follow-up ucOC and noverma =\
- rs (B \ Tx PINP at 1 month

- ucOC rr‘g? .»—ﬂ p beta CTx and PINP at 3
el
D)
2) Adverse event w-up atvh .#’ fand 3 m

:ﬁ"
Data Analysis -

. s i

Mean % change # ’W efine ," vill be calculated and compare
before and @ roup using paired t-test, and @een group between
AA, AG gentk ; J

| i

Mean ‘%ﬂ ange fr er mar[]ﬂf (both serum beta-CTx

and P1NP) will be C Iculated and compare before and after treatment within group, and

- mﬁmﬁmﬂ -

II baseline demographic da a and distribution of GGCX (rs699664, A/G) gene

AT HSR TR

between AA, AG genotypes and GG genotype at baseline after adjusted for other
baseline characteristics (age, year since menopause,..etc.) by using multiple linear

regression
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Table 3.1 Summary of measured variables

Data type of variables presentation

l
Demographic data: N ’/'/'y
- Age (yn) ' * co

\ ﬁal mean, SD
- Weight (kg) 3 ‘ontin@ mean, SD
- Years since Al ';continr wmerical mean, SD
- Fracture history s N (%)
Baseline vari
- Blood testi
- Serumalb
- Serum ucOC . \ 3ok it L mean, SD
- Serum be P k ..\ WA mean, SD
: ' N (%)
Outcome variables:
- g—pt numerical mean, SD
- % change of BTMs .vﬁi el * < erical mean, SD

(botli- 3

e v
—

— ol
BMD = bone mineral“}l sity; BTMs = a-CTx = b F rosslap assay
11l
Ca = serum calcium; = serum phosphorus P1NP = Procollagen type-l N-terminal propeptide

ucOC = undercarboxylal‘ alcin assay assay

AUBINYNINGINT
RIAINTUNRINYINY



CHAPTER 4

Results and Analysis

Subject characteristics

From July 2009 to Dec , @ total of 140 postmenopau

came to Osteoporosis Cli \
Hospital were enrolled, ent stu

inclusion and exclu eria, Lhey were ab pendently a

engaged in regular physi reise progran

NN

of bisphosph iU sranelate o erips atide befere, and have stop all

)

estrogen and S \ar 1\5‘;.&- asyfor any

calcium and vitami
Y

Table 4.1 Demograp

subjects (140 case

sal women, who

screened for all

paedics, Phramongkutklao Army
.‘EM) have been
nd none of them

hese subjects were never used

preparations of

G E\ distribution frequency in all

Min-Max
Age (yr) 43-79
Weight (kg) 31.5-78.0
Year after éﬁp 3-30
Serum iPTH 16.28-100.90
Serum ucOC (n"" 0.11-9.86
Serum bCTx (nﬂ) 0.47 0: 0.06-1.02
Serum P1NP (ng/n‘h 5@ 21.88 18.32-186.90

GG@eyﬂ/peﬂ(%)? ﬂE I I Z I IE Ii |6>9;;9.3%)

66 (47.1wI

ii3

9W1A9NTRINAIINE

GGCX = gamma-glutamyl carboxylase
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The demographic data and baseline characteristics of all these postmenopausal
women are shown in table 4.1. There are only 5 cases out of 140 subjects which have
previous at least one vertebral compression fracture from lateral plain T-L radiography.

None of these subjects has previous hip fracture. The distribution frequency of GGCX

gene in all these postmenopau “&fﬂf/@ nin table 4.1 and figure 4.1.

/ | - \
70
60 - ?‘ “5
50 - =
40 4 S (=
30 - 5
20 h ‘i
10 - e
0] 2
-’.J:;‘J GG

Distribution freq I ncy of GGCX genotypes

fmiﬁ NENINLINT

(3. 6% f all subjects who have A@genotype (325- Ar in this present study I

e TNV TINYSY

adjusted Z-score BMD between those who have GG and those who have GA or AA
genotypes in subjects that over 75 years of age. We also grouping all these Thai

postmenopausal women into two groups as GG-group which included all who have GG
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genotype (69 cases) and GA+AA-group which included all who have GA or AA
genotype (71 cases). The demographic data and baseline characteristics also divide
into two groups as shown in table 4.2. There are no significant difference between these

two groups in demographic data and baseline biochemical values.

ase “’// ssed as mean % SD in all subjects

G"geno pe N=69) type (N=71)  p-value
77 \

\

\
Age (yr) BO/56 £ A5 NN x\*\ 6.85 0.18
.\I \__‘-l‘
Weight (kg) 16198 + 5; W W 4 86 0.74
- 3 \"-._ N
Year after menopause (y ‘\,ﬂ\ 99+ 6.42 0.27

Previous vertebfal fragtlres L3 -

Serum iPTH (pg/ , 24471592 270% 14.33 0.23
Serum ucOC (ng/ml) - ‘\1 +2.14 0.95
Serum bCTx (ng/m ) 0.44 + 0.19 0.17

Serum P1NP (ng/ml) | ff“"f' .06 +17.98 0.35

ﬂUﬂ’JVIﬂVIiWﬂ’]ﬂi
ﬂW’]ﬂ\‘iﬂimﬁJ‘lﬂ’]'mEJ’lﬂﬂ
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Change in undercarboxylated osteocalcin(ucOC)

There are 14 cases of subjects drop out due to loss of contact in the third visit at
3 months, so the total cases that undertake blood chemistry test for undercarboxylated

osteocalcin (ucOC) at the end of udy, at 3 months are 126 cases. The effect of

treatment with menatetrenone an » | ﬂ/ min D3 on the serum levels of ucOC
are significantly reduced-i 7 Bs // ure 4.2). The baseline value of

re 2:92. ngnL E GG-group, and 2.89 + 2.15
ng/mL (mean * W p. T'e overall'reduction-in ucOC level in both group

are 61.7 percent fro ime and 3 . ) sellne in each group are -

54.2% and -69.9% in - and \LOro -.\ Ctively (table 4.3). To compare

W

using unpaired st, are no ¢ g ence etween GG-group and

GA+AA-group (p = 0.69)..

ucOC {ng/mL

deanensneans

Fig 4.2 Reduction in se‘m ucOC level from b ine at 3 months

qmmmmum'swmaﬂ
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Table 4.3 Mean % change from baseline of serum ucOC at 3 months

Genotype groups N Mean (%) SD P-value

Total 126 -61.6967 49.77296 <0.001

GG 62.24363 <0.001

GA+AA

29.14080 <0.001

Along wi > urnover markers, serum C-

telopeptide cr i L types ps (beta-CTx) as a

of subjects that have
been dropout fro ( nd \ ases that have been dropout

7 3 aseline levels of beta-CTx and
PINP are shown i . 4. There '_": 'fican duction in serum beta-CTx and
PINP level from baseline at 0p after treatment with menatetrenone

and calcium and vitamin D both genotype groups by using one-

;ﬁN ' jongmnserum beta-CTx and

serum P1 N & ',b:-!.!—lmu---‘.!-"m_m---v--'_ 3 o Compare between
L

two genotype gﬁp ; V eﬁﬁ. G-group and GA+AA-

éﬂ;h/vn by figure (p =0.176
and p = 0.429 res;‘c by two-way repeate OVA)

ﬂ‘Uﬂ’mﬂﬂ’iWﬂ’]ﬂ’i
qmmmmw’nwmaﬂ

way repeat

|
group in both s lr m beta-CTx and serum P1NP at 3 months
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Table 4.4 Serum beta-CTx and P1NP at baseline, 1 month and 3 months, all shown in different

genotypes and in total cases (mean, N and SD)

Baseline BCTx at BCTx at p value Baseline | P1INP at | PINP at p value
Genotype BCTx 1 month | 3 months P1NP 1 month | 3 months
GG Mean 0.4908 0.3950 4147 | <0.001 | 54,4964 | 505953 | 45.2670 | <0.001
N 69 | w 69 68 66
SD 0.2119 25.2883 | 24.1211 | 19.4222
GA+AA Mean 0.4449 1| 51.0551| 47.2789 | 43.2862 | <0.001
N | 71 64 60
SD 04878 0 1720.' 0.1485 17.9785 | 18.4427 | 16.6427
Total Mean 0.46 0.3814 0. 3% . . 52.7511 | 48.9873 | 44.3237 <0.001
N 140 2 ‘ 140 132 126
SD 02006, . H\ 8771 | 215388 | 18.1073
'-'5 '\\\\\
=
=
)
= \ ——GG
x
g —B-GA+AA
.'..a
Between gr
—I—G,E\+AA

INY

3 months

Fig 4.3 Reduction in serum beta-CTx and P1NP level from baseline at 3 months

Ok
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Analysis of AA genotype group
There are only 5 cases in AA group, which account for 3.6% of all this SNP. One
in these 5 cases was loss of contact on visit 3 at 3 months following treatment. All

baseline characteristic and % change from baseline of serum ucOC, beta-CTx and
P1NP at 3 months of these subje

i€ i‘}f in table 4.5.
Table 4.5 Baseline char s A

eline of serum ucOC, beta-CTx and
y)/a( ,
P1NP at 3 months of all subj e§t§ Mave AAJgenotype.

year after 7 1y A ine % change from baseline
Age | menopat€e .gpd// HY [\ kot NP | ucoC | bCTx | PINP
case 1 55 7, 8.3 61 25 | -89.21 8.02 | -23.94
case 2 55 8 / 4 9 .84 | -33.10 | -47.19 | -12.40
case 3 58 . 43040+, 4 0. 7| -43.68 | -14.83 | -11.46
case 4 59 14 5. . . 7 44.84 | -70.87 9.97 1.54
case 5 78 4 . 1.6 0. 32 * * *
mean 61 15 44 spao 3 54.60 | -59.22 | -11.01 | -11.57
SD 9.67 8.7 .23 1.189 7 11.35 25.55 | 26.62 | 10.42
*= drop out at 3 months dule to loss of contact hdiaa
N@_
J.ﬁ
Adverse events N /- 2
ol
‘i;d; |
All study preparations. we it There were no any serious adverse
. . e 5 L J;‘J
events in thl,Etud e e\fis was 2.8 % (4/140
patients). es on first week of
administratio ' her«three cases have mild
. |
symptom of dy§ psia on first we inistration with @ntaneous subsided. All
patients with thes?n -serious adverse eve |d not dropout from the study. The

dumoﬁmm zmzi WA

enroII nt. On last follow-up visit ?3 months, there Were 14 cases of loss f ow-up

A WIRNNITL AN TINYTEY



CHAPTER 5

Discussion and Conclusion

: ngle physiologic function in blood clotting,
\ / iologic effects beyond hemostasis.

K plays metabolism and is potentially

Discussion

Vitamin K, once viewed
is now receiving substanti

New research indica

in K in bone metabolism
nslationally modifying certain
ic activity. Remarkable

for bone, it is s the posttranslational

[54]

matrix. Osteoc V,0St ‘ e sti tion of 1,25(0H),D

ance bone matrix formation by
osteoblast and further improv, Vo-ruality: . In addition to the role of vitamin K
in the synthesis of OGy recent resee certain forms of vitamin K may
have eﬁectéé‘ bone metabolism that are unrelated to OC. In v 'éudies demonstrated

m‘k 2, can inhibits bone

-

ation and acﬂtjitym'm]and induction of

resorption thl’OliJ inhibition o

apoptosis in osteoeasts , Whereas vitamin d not. Hence, in preclinical studies,

AN SINENINEIN T

Unfortunately, clinical studle‘to elucidate the mé@ifmaction of menatetrenUare

q it prevents fractures in patients with osteopor03|s the exact mechanisms of this

effect are not fully understood. Since menatetrenone has a minimal influence on BMD

33 . . . .
[ ], explanations for its preventive effect on fracture have focused on improvement of
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bone qualitym. The quality of bone is determined by several factors, including bone
architecture and bone turnover, which can be measured in the clinical setting. Recently,
Knappen et al.>® reported that menatetrenone inhibited deterioration of bone

architecture in the femoral neck of postmenopausal women. The other bone quality

factors that cannot be meas \a iy i linical studies are the mineralization
condition and quality of /X/‘S e know that matrix proteins also
influence bone prop& bone m@uch as osteocalcin probably
has an important rm_‘ing bgne stren
bone stiffness aﬂ(m‘LD been' '

59
one study[ !

ample, a rapid decrease of

osteocalcin knockout mice in

serum is an evidence

of skeletal vitami ienc result in a decrease of

reported to be a i | Incfee incide e al neck fracture™**” and
vertebral fracture’™ studies. have” sho menatetrenone treatment
reduces the serum lev A e ) stu y Tsugawa et al, revealed that

P .

the vitamin K requirement r.sg";:ﬁtiﬁn arpe of osteocalcin was greater in older

In this present study, we are not

atédjjsteocalcin, we also
o

Jﬂe gamma-glutamy!
carboxylase (G|t|3 X) his‘J:j{nzyme is essential for
| .

converts gluta ate (Glu) residues in undercarboxylated

postmenopausal women t 4 ‘
S

only evalua@t : :

eocalcin into gamma-
carboxyglutamic aci la) residues, and ane fully-carboxylated osteocalcin or
ma osteoca OC): Th isivitamin K n wh ds vitamin K as
a co—“tor in its metabolism. One of the essential SNP of this GGCX gene has previous

[34]

elucidate to have correlated with%MD . The mutafigh, in exon 8 in the Mtion

9’9%4ag§3ﬂ ouiinﬁﬁdﬁ&ﬁAmio a;dﬁtl i n%@siﬂ
(Arg/GIn) may affect enzymatic activity directly, and people wi -GIn (GG) might

have a higher efficiency of carboxylation of these VKD proteins with the given status of
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vitamin K[34], considering that carboxylase activity of 325-GIn (GG) enzyme was higher

than that of 325-Arg (AA) in vitro.

For the primary outcome of this study, we have demonstrate that treatment with

the combination of menatetrenone +4) together with calcium and vitamin D3
supplement can dramaticall r
or

\\ % | @f ucOC in the overall group to about
61.7 percent from bas

/{ GG and GA+AA genotype to
about 54.2% an@ﬂn ﬂciuvelLSurprisingly, there are no
significant differeM ' e r

second possibt [ , ,_ \o
and reaction rat ic L.Of _ihs ;«\ e
slower than that of G 1 yexplain that the 325-GIn(GG) enzyme has

higher carboxyl i 3287 . V. also“concluded that for GGCX

polymorphism, the ) . cent study, the distribution

frequency of GGCX gene'are "-;&E Jeno ype (325-GIn), 47.1% for GA genotype

L - e

(325-GIn/Arg) and onl "é‘&‘i- oty S a scarcity of subject who have AA

allele “G” and it is also a dominant

genotype. If there are bette ﬁu., r-!’i

allele, the s@‘ r s clinical study. We

een each group of

=

il I

genotypes(GG,‘Flj\ an : Theﬁgult also comes out into
| din

no significant rence between GG-group and AA-group.(p ='0.627, Mann-Whitney U-

test). The graph Ig ree groups as showMigure 5.1 demonstrate the tendency
thaﬁ gﬁ oup aﬂwﬁf%nﬁu%oﬂuﬂcﬂ k@[ is difficult
to CO“ude that GG genotype has better effect on reduction of serum ucOC than the
other genotype. We need further @dy that enrolls sdbjects who have AA guype

oV e e
q also have influence to this study are the dietary factors . In this study, we could not

control for the diets of our ambulatory patients. There may be some differences in

habitual food around different region in Bangkok and in Thailand. The dissimilarities in
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natural vitamin K1 contents in those foods can cause some effects to our result. The

individual gastrointestinal absorption quality on vitamin K may be causes some effects

[18]

to our study too

ucCC (ng/mL)

Fig 5.1 Reduction in serum hﬁf;‘f, fom bas onths in 3 groups of genotypes

We s with menatetrenone

(MK-4) concurr@y with calci

are reduction in ?um beta-CTx and serum P P from baseline in both group of

me mxmw 1 1 o

are n qwte large in both markers there are about 14% in reduction in both serum

q RIS IVIIN IR

markers, these reductions are not so clinically significant at 3 months, compare to other

| emman
supplement.ﬂjl! this recent study, there

strong anti-resorptive agents such as bisphosphonates. To compare the reductions

between two groups of genotypes, there are no significantly different between GG-
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group and GA+AA group in both serum beta-CTx and serum P1NP. Although
menatetrenone is considered to be the dual action drug, which perform both bone
formation improving and inhibition of bone resorption, the decrease in bone resorption

marker, serum beta-CTx is the dramatically hallmark of anti-resorptive agent as also

561

serum P1NP, WW , tion, “are not differences between
variations in GGCX gen e g Is to detect a part of pro-

collagen type-

reductions in s Ly one e formation improving

differences of abs i ranspertation of vita

.ﬂua
J

ent with calcium and vitamin D promote
the gamma-carboxylation o 0 Eir an decrease of undercarboxylated

veen group of GGCX genotypes in

S may not the key
i

.U

of the population. The

osteocalcin. There are no *a ; oy

reduction @er

allele, which is the

dominant allel

|
decreasing in m BCTx and serum P1NP are demonstrate he anti-resorptive effect
of this agent Hovsg/ﬂte |mprovmg of bonutahty by this agent is showing by a

}'ﬂ ﬂ i wﬁ ost calcin will
incre and improved the quality of bone matrix. Further investigations are needed to
“ p g y g

clarify the mechanism of actions ot‘tenatetrenone on jgore remodeling as we the

1 AR HRATREIRS
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