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There are several circulating bone markers that are useful for physicians in determining the bone quality. The
markers are composed of N-terminal propeptide of type I collagen (PINP) which determines the bone formation,
undercarboxylated osteocalcin (UcOC) and N-mid fragment of osteocalcin (N-MID) which determines the bone remodeling,
C-telopeptide of type I collagen (BCTx) or betacrosslap (BCTx), pyridinoline (PYD) and deoxypyridinoline (DPD) which
determines the bone resorption. The vitamin named vitamin D (Vit D) also affects the bone property. However, there is little
information about the relationship of these biomarkers. In this experiment, the researchers investigated the correlation of the
circulating biomarkers and found the correlations between UcOC and SCTx (r = 0.471, p = 0.011), between UcOC and Vit
D (r =0.39, p = 0.04), between N-MID and P1NP (r = 0.833, p = 0.000), between N-MID and SCTx (r = 0.641, p = 0.000)
and lastly between PAINP and SCTx (r = 0.657, p = 0.000) in the male group whereas the correlations between UcOC and
PYD (r = 0.318, p = 0.043), between UcOC and DPD (r = 0.551, p = 0.008), between N-MID and PINP (r =0.721, p =
0.000), between N-MID and SCTx (r = 0.719, p = 0.000), between N-MID and PYD (r = 0.485, p = 0.001), between N-MID
and Vit D (r = 0.347, p = 0.026), between PINP and SCTx (r = 0.632, p = 0.000), between PINP and PYD (r = 0.312, p =
0.047), between hCTx and PYD (r = 0.365, p = 0.019), between PYD and DPD (r = 0.567, p = 0.006) and lastly between PYD
and Vit D (r =0.409, p = 0.008) were found in the females. In addition, the new biomolecule named matrix Gla protein (MGP),
asmall protein produced by bone tissues was also investigated. The authors found the correlation between MGP and PYD (r
=0.468, p=0.012) in the males and found the correlations between UcOC and MGP (r = 0.421, p = 0.006), between N-MID
and MGP (r = 0.333, p = 0.033), between MGP and PYD (r = 0.471, p = 0.002), between MGP and DPD (r =0.472, p =
0.026) in the female group.
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There are several circulating biomarkers that
can be used to determine the quality of bone tissues.
For example, N-terminal propeptide of type | collagen
(PINP) is used to foretell the bone formation whereas
undercarboxylated osteocalcin (UcOC) and N-mid
fragment of osteocalcin (N-MID) are used to forecast
the bone remodeling. Telopeptide of type I collagen
(BCTX), pyridinoline (PYD) and deoxypyridinoline
(DPD) are used to predict the bone resorption®®, The
vitamin, i.e. vitamin D (Vit D) can also affect the bone
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quality@®®, Moreover, the new biomolecule, matrix Gla
protein (MGP), a small protein produced by bone is
examined®. However, the information about the
relationship among these circulating biomarkers is very
little available. In this experiment, the researchers aim
to investigate the correlations between these
biomarkers.

Material and Method
Subjects

This research studied 69 healthy volunteers
(males = 28, females = 41), aged between 20-50 years
old. All volunteers did not take any kinds of medicine
affecting the bone metabolism within one month before
being screened. At the screening visit, the overnight
fasting blood samples were collected and examined for
the liver function, the renal function as well as the level
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of sugar and cholesterol. The subjects who had an
abnormal level of the chemical laboratory test were
excluded. Some bone biomarkers including BCTx, PLNP,
N-MID, and the relevant biomolecule called Vit D were
examined in the screening visit. The other bone markers,
i.e. UcOC, MGP, PYD and DPD were also collected; the
analyzed serums were stored at -80°C until they were
assayed.

Markers of bone turnover

Serum UcOC (Takara, Japan), serum MGP
(Biomedica, German), serum PYD (Quidel, USA) and
serum DPD (Quidel, USA) were analyzed by the enzyme-
linked immunosorbent assay according to the protocol
of manufacturer.

For the UcOC analysis, 100 pul of serum and
the standard solution were added into the 96-well plate
and incubated for 2 hours. After removing the solution
and doing the wash, 100 ul of anti-UcOC conjugated
with horseradish peroxidase was plated into the 96-
well plate and incubated for 1 hour. The substrate
solution was added to develop color. The reaction was
stopped by adding 100 ul of the stop solution and the
optical density was measured at 450 nm. The
concentration of UcOC was shown in ng/ml.

For the MGP analysis, 20 ul of serum, the
control and the standard solutions were added into the
96-well plate followed by 200 ul of biotinylated synthetic
MGP (tracer) and incubated at 4°C for overnight. After
removing the solution, 200 ul of streptavidin conjugated
with horse radish peroxidase was added. After the
incubation at RT for 1 hour, the conjugated solution
was removed. The TMB substrate solution in volume
of 200 wl was plated and incubated at RT for 30 minutes.
Finally, 50 ul of stop solution was added and the optical
density was measured at 450 nm and at 620 nm. The
concentration of MGP was shown in nMol/L

For the serum PYD analysis, approximate 200
ul of serum was filtrated through MWCO Spinfilter.
Twenty-five microliters of filtrated serum, the standard,
low and high control solutions were added into the 96-
well plate followed by 75 ul of cold anti-PYD conjugated
with the alkaline phosphatase. This step was incubated
at 2-8°C for 24 hours. After the incubation period, all
solutions were removed from the 96-well plate. One
hundred and fifty micro liters of substrate was added
into the well plate and incubated for 40 minutes. Finally,
100 ul of the stop solution was added and the optical
density was measured at 405 nm. The concentration of
PYD was shown in nMol/L and transformed into ng/ml
later.
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For the serum DPD analysis, the analyzed
procedure was divided into 2 steps: sample preparation
and analysis procedure. For the sample preparation,
100 wl of serum was hydrolyzed by mixing with 100 ul of
total DPD acid and centrifuged at 10,000 g for 5 minutes.
After that, the upper solution was transferred to the
hydrolysis plate and incubated at 99°C for 20 hours.
Thy hydrolyzed serum was neutralized by 25 pl of total
DPD assay buffer and 25 ul of total DPD base. The
standard and control solutions were also neutralized
by the total DPD buffer and the DPD base. The analysis
procedure was started by adding 50 ul of the neutralized,
standard and control serums into the 96-well plate. This
step was incubated for 30 minutes at 2-8°C. The anti-
DPD conjugated with the alkaline phosphatase was
plated and incubated for 2 hours at 2-8°C. After removing
the solution and doing the wash, 150 ul of the substrate
solution was added and incubated for 2 hours at RT.
Finally, 100 ul of the stop solution was added and the
optical density was measured at 405 nm. The
concentration of DPD was shown in nMol/L and
transformed into ng/ml later.

In addition, the vitamin D test as 25 (OH) D3
was performed by Elecsys Cobas e analysis, Roche.
The blood samples were analyzed by the central
laboratory of Siriraj hospital.

Results

All analyzed circulating bone biomarkers are
shown in the mean + SD separated by the males group
in Table 1 and the females in Table 2. On the other
hand, the bone marker correlations of the males group
and the females are shown in Table 3 and Table 4,
respectively.

Discussion

The circulating biomolecules are useful for
physicians to determine the bone quality of patients.
Many researchers®19 have studied the correlation
between biomolecules and bone mineral density (BMD).
However, the availability of the information about
the correlation with biomolecules is quite rare. This
experiment found the positive correlations between
N-MID osteocalcin and P1NP, between N-MID
osteocalcin and BCTx (r = 0.719), between MGP and
PYD and lastly between PINP and BCTx in both
male and female groups (Table 3 and Table 4) the
N-MID osteocalcin and BCTx in the previous
study® was strong correlation, r = 0.776 so for safe
the expense. The BCTx can be presented only for the
bone resorption marker. On the other hand, it found the

S91



Table 1. Biochemical Bone Markers in the Males

Markers The Mean + SD n
Undercarxylated osteocalcin (UcOC), ng/ml 217+ 153 28
N-mid fragment of osteocalcin (N-MID), ng/ml 25.53 +7.77 28
Matrix Gla protein (MPG), nMol/L 2451 +9.89 28
N-terminal propeptide of type I collagen (P1INP), ng/ml 53.50 + 18.8 28
Telopeptide of type I collagen (BCTx), ng/ml 0.50 +0.16 28
Pyridinoline (PYD), ng/ml 0.50 + 0.09 28
Deoxypyridinoline (DPD), ng/ml 3.72+0.42 17
Vitamin D, ng/ml 20.86 + 4.26 28
Table 2. Biochemical Bone Markers in the Females

Markers The Mean + SD n
Undercarxylated osteocalcin (UcOC), ng/ml 1.36 +0.72 41
N-mid fragment of osteocalcin (N-MID), ng/ml 19.32 +5.92 41
Matrix Gla protein (MGP), nMol/L 17.59+7 41
N-terminal propeptide of type I collagen (P1INP), ng/ml 38.78 + 14.12 41
Telopeptide of type I collagen (BCTx), ng/ml 0.30+0.14 41
Pyridinoline (PYD), ng/ml 0.78+0.18 41
Deoxypyridinoline (DPD), ng/ml 3.49+0.32 22
Vitamin D, ng/ml 18.56 + 4.68 41

correlation between UcOC and BCTx (r = 0.471, p =
0.011) only in the males whereas the correlations
between UcOC and PYD (r=0318, p = 0.043), between
UcOC and DPD (r=0.551, p =0.008), between N-MID
and PYD (r=0.485, p=0.001) and lastly between PINP
and PYD (r=0.312, p=0.047) were found in the females
only (Table 2). These markers are used to indicate the
bone turnover. Some biomolecules are highly possible
to have a positive correlation as they come from the
similar molecules such as BCTx, PYD and DPD.
Surprisingly, their correlations were found only in
the female group [BCTx-PYD (r = 0.365, p = 0.019),
DPD-PYD (r=0.567, p=0.006)]. These results could be
caused by the wide ranges of the biomolecule levels in
the males but not in the females. This research also
found the correlation between UcOC and Vit D in the
males (r = 0.39, p = 0.04) and the correlation between
N-MID and Vit D in the females (r = 0.347, p = 0.026)
(Table 5). These correlations can be explained that
vitamin D affects the osteoblastic cells to produce
osteocalcin®@. Thus, there is the correlation between
the osteocalcin and the vitamin D level. Finally, the
correlations between UcOC and MGP (r = 0.421,p =
0.006) and between NMID osteocalcin and MGP (r =
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0.333, p = 0.033) were found in the females only.
These correlations are caused by both MGP and
osteocalcin which are small protein synthesized by
osteoblastic cells. MGP comprises of four types: 1)
undercarboxylated MGP (ucMGP), 2) carboxylated
MGP (cMGP), 3) dephospholylated MGP (dpMGP) and
4) phosphorylated MGP (pMGP)®, Although the kind
of MGP in circulating blood could not be identified,
the data showing the correlation between MGP and
UcOC (p = 0.006) except the one of the correlation
between MGP and Gla-OC (p > 0.05) were provided.
Then, the researchers approximated that the found
circulating MGP was ucMGP. This information is similar
to the research by Cranenburg et al®. The levels of
UcOC and ucMGP are vitamin K dependent. It is
quite reasonable to assume that the correlations
between MGP and UcOC and between MGP and
N-MID are positive.

The benefits of the strong correlation will
predict the status of the other if one item was checked
that will alleviate the expense.
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Table 5. Summary of the moderate and strong correlation (r)

between the type of bone markers in male and fe-
male

Correlation Male Female p

PINP-NMID 0.83 0.721 0.001
CTx-NMID 0.641 0.719 0.001
CTx-PINP 0.657 0.632 0.001
MGP-PYD 0.47 * 0.012
UcOC-NMID * 0.421 0.001
UcOC-DPD * 0.551 0.008
UcOC-CTx 0.417 * 0.011

* = weak correlation
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