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In an effort to elucidate the physiology of fetal bone metabolism, we studied
markers of bone formation and resorption. Cord blood levels of P1CP (the carboxy-
terminal propeptide of type 1 procollagen) and 1CTP (the pyridinoline cross-linked
carboxy-terminal telopeptide of type 1 collagen) were measured in 74 newborns (40
healthy newborns, 34 preterm newborns with no complications) at birth and 8
healthy infants during the first year of life. The cord blood levels of P1CP and 1CTP
in the 74 newborns were 1423.5 + 611.6 and 95.8 + 34.2 ng/ml (mean *= SD),
respectively. There were significant negative correlations between the concentra-
tions of P1CP or 1CTP and gestational age, birth weight, birth length and head
circumference (p<0.0001). Comparisons among the levels of P1CP and 1CTP and
the rate of standard fetal weight gain, revealed the curves of P1CP and 1CTP levels
to nearly parallel the curves of the standard fetal weight gain rate in male and
female newborns. P1CP and 1CTP levels corresponded to birth weight as well as
gestational age, with the influences of other factors being negligible. We also
assayed P1CP and 1CTP in 8 healthy infants under one year of age, and found that
a high P1CP value and low 1CTP value resulted in a 4-fold increase in the mean
P1CP/1CTP ratio, as compared to the newborns. In contrast, the P1CP/1CTP ratio
was nearly constant during the preterm and term periods. The results suggest that
high turnover reflects high bone remodeling activity which corresponds to rapid
morphological changes in the fetal period, that high turnover processes are strongly
associated with physical growth as well as gestational age in immature fetal bone
and that bone formation is the dominant process in healthy infants during the first
year of life.

period. Osteomalacia and osteoporosis have

Introduction been recognized in neonates, infants and chil-

Although high bone metabolic activity has dren and have been attributed to various patho-
been demonstrated in the fetal and neonatal genic origins??%~%_ Bone metabolism in the
periods?~®, the details of bone metabolism in fetus, neonates and children differs from that of
early life remain unclear. Research attention adults. Bone growth occurs with various physio-
has focused on bone metabolism in the fetal logical changes from the fetal period through
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childhood. Notably, the fetus is floating in the
amnion and is thus exposed to less gravity. The
neonate is usually recumbent, while the infant
posture changes from lying to standing. There-
fore, it is important to elucidate the metabolic
process of bone formation and resorption to
evaluate growth and development in the fetal
period as well as during childhood.

Extensive research on the serum concentra-
tion of the carboxy-terminal propeptide of type
1 procollagen (P1CP), which reflects bone for-
mation, and on pyridinoline cross-linked carb-
oxy-terminal telopeptide of type 1 collagen (1
CTP), reflecting bone resorption”~'%, has demo
nstrated the efficacy of these biochemical markers
for assessing metabolic bone disease, osteoblas-
tic bone metastases and hormone therapy!»~19,
In the field of pediatrics, the serum P1CP and
1CTP concentrations have been measured in
healthy children and children with growth dis-
orders due to hormone therapy'®~'%. To date,
however, there has been no satisfactory descrip-
tion of the bone metabolic characteristics of the
fetal period based on P1CP and 1CTP measure-
ments. Our study was designed to clarify the
processes of bone formation and resorption in
the fetal period.

Subjects and Methods

1. Subjects
1) Newborns

Seventy-four newborns (40 healthy newborns,
34 preterm newborns who were born pre-
maturely because of maternal cervical asthenia
or trachelitis without any complications) who
were born in the Maternal and Perinatal Center
of Tokyo Women’s Medical College Hospital
from August 1995 to October 1996 were studied.
Thirty-four were born preterm, 40 at term
(AGA: appropriate for gestational age). There
were 41 males and 33 females. Informed con-
sent was obtained from the parents of all 74
newborns prior to beginning the study. All met
the following criteria.

(1) The birth weight, length and head cir-
cumfrence were within = 1.5 SD for the ges-

tational age.

(2) There were no major congenital anom-
alies, infections or metabolic disorders, includ-
ing hepatic and renal dysfunction, and the
Apgar score at five minutes after birth was at
least nine.

(3) Healthy mothers; no mdeication used
during pregnancy.

2) Infants

Eight healthy infants, from 1 month to 1 year
old, who were followed at the out-patient
pediatrics clinic of Tokyo Women’s Medical
College Hospital were also studied. None had
infection, hepatic dysfunction or renal dysfunc-
tion. The weights, heights and head circumfer-
ences of all infants were within + 2 SD for
their age. Informed consent was obtained from
the parents.

The 74 newborns and 8 infants were divided
into four groups according to gestational age
for statistical comparison of P1CP and 1CTP
(Table 1).

2. Methods
Measurement of P1CP and 1CTP

Cord blood was obtained at birth from the 74
newborns and peripheral venous blood from the
8 infants. After serum separation, the sampels
were stored at —80°C. P1CP and 1CTP were
measured by radioimmunoassay with an RIA
reagent kit purchased from Orion Diagnostica,
Espoo, Finalnd. Serum P1CP and 1CTP were
measured according to the methods of Melkko
et al” and Risteli et al®, respectively. We in-
cubated 100 w1 standard solutions and serum
samples with 200 ul of '*°I.-P1CP or **I-1CTP
and 200 xl of anti-P1CP or anti-1CTP for 2 h at
37°C, then added 500 u«l of separation reagent
containing the second antibody (rabbit) and
polyethyleneglycol. After 30 min at room tem-
perature, the bound fraction was separated by
centrifugation at 2,000 G, 4°C, for 15 min, or in
the case of 1CTP assay, for 30 min. Finally, we
aspirated the supernatants and counted the
radioactivites of the pellets.
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Table 1 Clinical profiles of the 74 newborns and 8 healthy infants

Gestational age (w)

Im~1y

29< ~<34 34<~<38 38 <~ <40 s

n=9 n=25 n=40
Sex ratio (F/M) 2/7 9/16 23/17 3/5
BW (g) 1,831.2+365.4 2,541+511 3,036+£317 6.4+1.7kg

BL (cm) 42.1+2.4 46.4+2.8 49.2x1.4 61.4+7.8
HC(cm) 30.0%2.4 32.4x1.4 33.56+1.1 41.7+3.8

BW : birth weight, BL : birth length, HC : head circumference, F/M : female/male, w :

week, m: month, v : year, mean+=SD.

3. The data analysis and related comparisons
1) Serum PICP and 1CTP data analysis

Student’s t test and regression analysis, em-
ploying Stat View, were used to determine the
statistical significance of differences between
mean values.

2) Relations of P1CP and 1CTP to gestational
age

According to gestational age, the 74 newborns
were divided into 3 groups (29<~<34 weeks,
34 <~<38 weeks, 38<~=<42 weeks) (Table 1)
and their mean = SD of P1CP and 1CTP values
were compared.

3) Analysis of PICP and 1CTP in relation to
growth

The correlations among P1CP, 1CTP, BW
(birth weight), BL (birth length), HC (head
circumference at birth) and gestational age
were analyzed by regression analysis.

To determine the relationships between P1CP
and 1CTP values with the rates of fetal growth
in female and male newborns, we superimposed
the P1CP and 1CTP curves on the rate of their
fetal weight gain.

According to the fetal weight gain data for
females and males obtained in the investigation
counducted by the Japanese Ministry of Wel-
fare in 1994%%, we calculated the rate of fetal
weight gain using the following formula:

Rate of fetal weight gain=

weight(n+1)—weight(n)
weight (n)

x100%

n: gestational weeks
In order to identify the independent effects of
gestational age and physical growth on P1CP

and 1CTP values, we subdivided the selected
newborns into two groups (<38 w, >38 w)
based on the gestational age with similar bith
weights (<38 w group; n=4, mean + SD 2,
776.3 = 41.9 g, > 38 w group; n=9, 2,780.0 &=
59.4 g) (Fig. 6). We also subdivided the selected
newborns with similar gestational ages into
another two groups based on birth weight (<2,
900, >2,900 g). The gestational age was 37.3 &=
0.3 weeks in the <2,900 g group (n=12), 37.6 *+
0.4 weeks in the >2,900 (n=8). The P1CP and
1CTP levels were compared between the sub-
divided groups (Fig. 7).
4) Analysis of PICP and 1CTP in relation to
other factors

The relationship of P1CP and 1CTP with
serum Ca, P, ALP and other factors were deter-
mined by regression analysis. The gender differ-
ences in P1CP and 1CTP values were analyzed
using Student’s t test.

Results

The obtained P1CP and 1CTP value and their
relations to gestational age

The average cord serum levels of P1CP and
1CTP in all 74 newborns were 1,423.5 * 611.6
and 95.8 + 34.2 ng/ml (mean + SD). There
were significant negative correlations between
PI1CP and gestational age (p<0.0001, r=—
0.579) and 1CTP and gestational age (p<
0.0001, r=-—0.622) (Fig. 1). Comparisons
among the gestational age subgroups showed
the same tendency (Fig. 2). In the 29~34 weeks
gestation group, P1CP was the highest, at
1970.5 £ 1011.2 ng/ml and 1CTP was also
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Fig. 1 Relationships between P1CP (a), 1CTP (b)
and gestational age in 74 newborns (preterm and
term)

a: r=-—0.579, p<0.0001, b:
0.0001, @: female, [J: male.

r=—0.622, p<

highest, at 144.4 + 44.3 ng/ml. In the 34~38
weeks gestation group, the P1CP level had
decreased to 1,688.9 + 418.7 ng/ml and 1CTP
t0 106.9 = 28.1 ng/ml. In the term babies, born
at 38~42 week gestation, the P1CP level was
only 1,134.5 + 427.3, 1ICTP only 77.9 + 18.7
ng/ml. The PICP level of the 34~38 week
gestation group was significantly higher than
that of the 38~42 week gestation group. The
1CTP level in the 29~34 week gestation group
was significantly higher than that of the 34~38
week gestation group. This tendency was also
observed in the 38~42 week gestation group.
The P1CP level of infants from one month to
one year of age (2180.5 =+ 615.9 ng/ml)
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Fig. 2 Mean values of PICP and 1CTP in each
age group
Mean values of PI1CP and 1CTP in preterm
babies were higher than in term babies. The
P1CP level was higher, the 1CTP level lower, in
healthy infants at one month to one year of age
than in newborns. mean + SD, *: p<0.05, **: p<
0.0001.

29~34w 34~38w 38~42w

(mean *+ SD) was significantly higher than that
of the 38~42 weeks gestation group (p<
0.0001). The 1ICTP level in infants (38.5 + 14.1
ng/ml) was significantly lower than that of the
38~42 week gestation group (p<<0.0001).

The mean value of the PICP/1CTP ratio was
15.4 + 5.8 in the 74 newborns at birth, but was
significantly higher (61.5 = 20.8) in 1Im to 1y
infants (p<0.0001, Fig. 3). The ratio was 4-fold
higher in 1m to ly infants than in newborns at
birth. In contrast, the PICP/1CTP ratio was
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Fig. 3 PI1CP/1CTP ratio changes in each age

group

The P1CP/1CTP ratios were higher in 1m-ly
infants than in newborns. Values are expressed
as means  SD, **: p<0.0001.

nearly constant during the preterm and term
periods.

The obtained P1CP and 1CTP level versus
physical growth

Table 2 shows the relationships among clini-
cal factors. PICP and 1CTP showed strong
correlations with BW, BL and HC as well as
with gestational age. The rate of standard fetal
weight gain is a marker to growth velocity. The
relations between the PICP and 1CTP levels
and the rate of fetal weight gain in female and
male newborns are demonstrated in Fig. 4 and
Fig. 5, respectively. The high rate of fetal
weight gain reflects rapid weight gain which
continues through 36 gestational weeks, then
the rate of gain gradually diminishes between
36 and 43 weeks in female and between 37 and
44 weeks in male newborns. The curves of
P1CP and 1CTP serum levels approximate the
curves for the rate of standard fetal weight
gain.

As shown in Fig. 6, we found P1CP and 1CTP
levels in the <38 weeks group to be higher than
those in the > 38 weeks group. The P1CP level
in the <2,900 g birth weight group was signifi-
cantly higher than that in the >2,900 g birth
weight group (Fig. 7). The 1CTP levels in the <
2,900 g birth weight group were relatively
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Table 2 The correlations among factors in
74 newborns

r value p value
P1CP, 1ICTP . 586 <. 0001
P1CP, gest age —.579 <. 0001
P1CP, BW —.519 <. 0001
P1CP, BL —.470 <, 0001
P1CP, HC —.264 . 0229
P1CP, Ca —.196 L0937
P1CP, P .034 L7745
P1CP, ALP .399 . 0004
1CTP, gest age —.622 <.0001
1CTP, BW —.5h31 <. 0001
1CTP, BL —. 498 <, 0001
1CTP, HC —.448 <, 0001
1CTP, Ca .032 L7878
1ICTP, P .126 . 2874
1CTP, ALP . 350 . 0021
gest age, Ca —. 009 . 9363
gest age, P —. 494 <, 0001
gest age, ALP -, 117 . 3222
Ca(mg/dl), P(mg/dl) .414 . 0002
Ca(mg/dl), ALP .172 . 1440
P(mg/dl), ALP —.024 . 8420

P1CP : the carboxyterminal propeptide of type 1 procol-
lagen, 1CTP: the pyridinoline cross-linked carboxyter-
minal telopeptide of type 1 collagen, BW : birth weight,
BL : birth length, HC : head circumference, Ca : calcium,
P : phosphorus, ALP : alkaline phosphatase.

higher as compared to those in the >2,900 g
birth weight group but the difference did not
reach statistical significance.
P1CP and 1CTP versus other factors for the
entire newborn group

There was no significant gender difference in
PICP or 1CTP values in either of the ges-
tational groups (Fig. 8). There were no signifi-
cant correlations of serum Ca and P with either
the P1CP or the 1CTP level. The P1CP and
1CTP levels showed positive correlations with
ALP (Table 2).

Discussion

Type 1 collagen is the most abundant col-
lagen species in many soft tissues and accounts
for over 909 of the organic matrix of bone. It
is synthesized from the precursor molecule type
1 procollagen, which has both an amino-
terminal end and a carboxy-terminal end in the
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Fig. 4 The P1CP and 1CTP values at birth in 33
female newborns versus the rate of standard
weight gain in the female fetus
Number of subjects in each gestational week: 32
w; n=2, 35w ; n=1, 37 w; n=4, 38 w; n=4, 39 w;
n=5, 40 w; n=7, 41 w; n=9, 42 w; n=1. The
standard weight gain rate data for the female
fetus are based on an investigation by the Wel-
fare Ministry of Japan, 1994.29,

osteoblast?”??, The partial splitting of the
carboxy-terminal end of the molecule, before
collagen fiber assembly, forms the carboxy-
terminal propeptide of type 1 procollagen (P1
CP). P1CP can be found in blood and is regard-
ed as a marker of bone formation during
growth”®. On the other hand, the carboxy-
terminal pyridinoline cross-linked telopeptide
domain of type 1 collagen (1CTP) is liberated
into blood as an immunologically intact frag-
ment, which resists further degradation. It is
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Fig. 5 The PI1ICP and 1CTP values at birth in 41
male newborns versus the rate of standard fetal
weight gain
Number of subjects in each gestational week: 30
w; n=2,32 w;n=2,34 w;n=3. 35 w; n=2, 36 w;
n=4,37w;n=2,38 w;n=8, 39 w; n=9, 40 w; n=
7, 41 w; n=2. The standard weight gain rate
data for the male fetus are from an investigation
by the Welfare Ministry of Japan, 1994%%.

thus regarded as marker of bone resorption'®.
Therefore, the PICP/1CTP ratio reflects the
balance between bone formation and resorption
activities®. Recent studies measuring the levels
of P1CP and 1CTP by RIA have clinical signifi-
cance, as a means of assessing whether there is
abnormal growth in infants and children, in-
cluding those with growth disorders®*”~192%,
Employing in vitro studies of type 1 procollagen
propeptides, Trivedi et al (1991) measured the
serum concentrations of P1CP in 442 healthy
children and found that there was marked
variability in the first 4 years of life. The

— 78 —
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Fig. 6 PICP and 1CTP changes in two groups
with similar birth weights
Serum levels of PICP and 1CTP were higher
in <38 w than in >38 w newborns. The birth
weight of the <38 w group was 2,776.3 = 41.9¢g
(mean *+ SD), that of the >38 w group 2,780 %
59.4 g, mean £ SD.

highest PICP values were seen in infants
younger than 3 months of age. The P1CP levels
then decreased significantly with age. P1CP
showed significant negative correlations (p<
0.001) with age, height and weight!”. Saggese et
al'® (1992) observed that P1CP peaked during
the first 2 years of life and then again during
puberty in 300 healthy children and adolescents.

In this study, for the first time, we obtained
the serum concentrations of P1ICP and 1CTP in
74 healthy preterm and term newborns. We
found that the mean values of P1CP and 1CTP
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Fig. 7 PICP and 1CTP changes in two groups
with similar gestational ages
The P1CP and 1CTP levels of the low birth
weight group (BW<2,900 g) were higher than
those of the high birth weight group (BW >2,900
g). The gestational age of the low birth weight
group averaged 37.3 £ 0.3 w (mean £ SD), that
of the high birth weight group 37.6 £ 0.4 w
(mean = SD).

in preterm newborns were higher than those in
term newborns (Fig. 1, 2) and confirmed nega-
tive correlations of P1CP and 1CTP with ges-
tational age, BW (birth weight) and BL (birth
length) in newborns at birth (Table 2). Taub-
man et al*® found that human type 1 procol-
lagen from cord blood measured by RIA in
newborns was approximately 12-fold higher
than the adult serum level. Our results suggest
that preterm newborns have higher bone turn-
over than term newborns. High turnover refl-
ects high bone remodeling activity which corre-
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There were no significant gender differences in
P1CP or 1CTP values among gestational age
groups. mean = SD, @: female, O: male.

sponds to rapid morphological change in the
fetal period.

Correlations between P1CP and height veloc-
ity in early childhood and the pubertal period
have been reported®'”1*23 We devised curves
of the standard fetal weight gain rate according
to fetal weight gain data, in female and male
newborns, obtained by the Welfare Ministry of
Japan in 199429 We found that the P1CP and
1CTP levels approximated the curves of the
standard fetal weight gain rate in female and
male newborns (Fig. 4, 5). These results suggest
that physical growth, along with gestational
age, contributes to P1CP and 1CTP levels. This
means that fetal bone remodeling and develop-
ment depend on fetal physical growth. The fact
that P1CP and 1CTP activities depend not only
gestational age but also on birth weight (Fig. 6,
7) further underscores the importance of physi-
cal growth and gestational age to the fetal bone
remodeling.

The factors accounting for higher levels of
P1CP and 1CTP in perterm than in term new-
borns remain unknown, though PTH (parathyr-
oid hormone) is a possible contributor.

Although the significance of preterm PTH
levels is controversial???®, the serum PTH
level is reportedly significantly higher in SGA
(small for gestational age) than in AGA (appro-
priate for gestational age) newborns?®. In addi-
tion to increasing the osteoclast number, PTH
also stimulates bone formation and acts direct-
ly on osteoblasts to promote bone formation
activity?® thereby possibly contributing to
increases in P1ICP and 1CTP levels. It has been
shown in adults, that excessive secretion of
PTH due to RHP (renal hyperparathyroidism)
can induce high bone turnover resulting in in-
creased bone formation and bone resorption?”.
Saggese et al'® found that P1CP increased in
primary hyperparathyroidism and decreased in
untreated deficits of PTH secretion or action.
The study of Minton et al®*® revealed the serum
PTH concentration to be higher in preterm
than term newborns at birth. They speculated
that a reduced placental blood supply leads to
deficient calcium intake with a resultant
increase in PTH secretionV??%,

It should also be noted that maternal hor-
monal changes in pregnancy or changes in
placental function can lead to high fetal bone
turnover. Blumsohn et al®*® demonstrated a
significant negative correlation between E,
(estrogen 2) levels and all markers of bone
turnover at all pubertal stages.

Growth hormone (GH) is another possible
contributor. Although no studies comparing
PI1CP and GH have been done in fetuses, a
relatively good correlation has been recognized
in early childhood and adolescence®!'”1#723),

ALP in newborns showed a statistically sig-
nificant positive correlation with both P1CP
and 1CTP in our study. ALP include a bone
isozyme which comes from osteoblasts. Given
the relatively weak correlation between ALP
and gestational age, we speculate the P1CP and
1CTP are more accurate indicators of bone
metabolism.

The clinical investigations of Trivedi et al*”
(1991), Saggese et al'® (1992) and Kubo et al®
(1994) showed serum levels of PICP to be



markedly elevated during infancy. We found
that the serum concentration of PICP in 8
infants less than one year of age was signifi-
cantly higher than that of newborns (34~38 w,
38~42 w) at birth while the serum level of
1CTP was significantly lower in Im to ly
infants than in newborns (Fig. 3). Extensive
1CTP research has been done in adults®!92®
but there has been only one study focusing on
children®. It is necessary to accumulate more
infant data for future comparisons.

The P1CP/1CTP ratio reflects the balance
between bone formation and resorption activ-
ities¥?” and may indicate which occupies the
dominant position during a given period. It is
interesting that the P1CP/1CTP ratio is con-
stant during the fetal period despite rapid
changes in bone turnover. We observed the
P1CP/1CTP ratio in infants, less than 1 year of
age, to be 4-fold higher than that of newborns at
birth (Fig. 4). Bone formation is in a state of
high activity in infants while bone resorption
activity is relatively low, showing that bone
formation is clearly the dominant process in the
first year of life.

Conclusion

Based on our findings, we speculate that fetal
bone metabolic activity is characterized by high
turnover which is strongly associated with
physical growth as well as gestational age, and
that bone formation is the dominant process in
the first year of life. Further accumulation of
data from VLBW (very-low-birth-weight)
infants is necessary to fully understand fetal
bone metabolism.

Acknowledgements

The authors are especially grateful to the Maternal
and Perinatal Center of Tokyo Women’s Medical Col-
lege Hospital for efficiently collecting the cord blood
from healthy newborn babies. This study was supported
by the following technical assisants: Ms Sakamoto and
the pediatricians and nurses of the pediatric department
of Tokyo Women’s Medical College Hospital.

5)

9)

10)

11)

81 —

25

References

Namgung R, Tsang RC, Specker BL et al:
Reduced osteocalcin and 1,25-
dihydroxyvitamin D concentrations and low bone

serum

mineral content in small for gestational age infants:
Evidence of decreased bone formation rates. ]
Pediatr 122: 269-275, 1993

Pittard III WB, Geddes KM, Hulsey TC et al:
Osteocalcin, skeletal alkaline phosphatase, and
bone mineral content in very low birht weight
infants; A longitudinal assessment. Pediatr Res 31:
181-185, 1992

Delmas PD, Glorieu FH, Delvin EE et al: Per-
inatal serum bone Gla-protein and vitamin D
metabolites in preterm and fullterm neonates. ]
Clin Endocrinol Metab 65: 588-592, 1987

Kubo T, Tanaka H, Yamanaka Y et al: Serum
markers of bone formation and resorption in chil-
dren: Carboxyterminal propeptide of type 1 procol-
lagen and pyridinoline cross-linked telopeptide of
type 1 collgen. Jpn J Clin Endocrinol 42: 545-550,
1994

Gunberg C, Cole D, Lian J et al: Serum osteocalcin
in the treatment of inherited rickets with 1,
25-dihydroxyvitamin D,. J Clin Endocrinol Metab
56: 1063-1067, 1983

Nakano K, Miyamoto A, Imai K et al: Assessment
of lumbar trabecular bone density by means of
single energy quantitative CT in hospital control
children and bone metabolic disorders. No To
Hattatsu 22: 173-178, 1990

Melkko J, Niemi S, Risteli L et al: Radioim-
munoassay of the carboxyterminal propeptide of
human type I procollagen. Clin Chem 36: 1328-1332,
1990

Kuroe K, Chichibu K, Matsuno T: Radioim-
munoassay of PICP (type I procollagen carboxy-
terminal propeptide) in serum. Jpn J Clin Endo-
crinol 42(12): 91-94, 1994

Risteli J, Elomaal, Niemi S et al: Radioimmunoas-
say for the pyridinoline cross-linked carboxy-
terminal telopeptide of type I collagen: A new
serum marker of bone collagen degradation. Clin
Chem 39(4): 635-640, 1993

Fukunaga M, Otsuka N, Ono S et al: Measurement
of blood concentration of cross-linked carboxyter-
minal telopeptide of type I collagen (1CTP). Jpn J
Clin Endocrinol 41: 101-108, 1993

Simon LS, Krane SM, Wortman PD et al: Serum
leels of type I and IIl procollagen fragment in



26

12)

13)

14)

15)

16)

17)

18)

19)

Paget’s disease of bone. J Clin Endocrinol Metab
58(1): 110-120, 1984

Hassager C, Jensen LT, Johansen JB et al: The
carboxy-terminal propeptide of type I procollagen
in serum a marker of bone formation: the effect of
nandrolone decanoate and female sex hormones.
Metabolism 40(2): 205-208, 1991

Hasling C, Eriksen EF, Melkoo J et al: Effects of
a combined estrogen-gestagen regimen on serum
levels of the carboxy-terminal propeptide of human
type I procollagen in osteoporosis. J] Bone Miner
Res 6(12): 1295-1300, 1991

Eriksen EF, Charles P, Melsen F et al: Serum
markers of tyep I collagen formation and degrada-
tion in metabolic both disease: correlation with
bone histomorphometry. ] Bone Miner Res 8(2):
127-132, 1993

Parfitt AM, Simon LS. Villanueva AR et al:
Procollagen type I carboxy-terminal extension pe-
ptide in serum as a marker of collagen biosynthesis
in bone. Correlation with iliac bone formation rates
and comparison with total alkaline phosphatase. J
Bone Miner Res 2(5): 427-436, 1987

Francini G, Gonnelli S, Petrili R et al: Procollagen
type I carboxy-terminal propeptide as a marker of
osteoblastic bone metastases. Cancer Epidemiol
Biomarkers Prevent 2: 125-129, 1993

Trivedi P, Rusteku J, Risteli L et al: Serum con-
centrations of the type I and IIl procollagen as
biochemical markers of growth velocity in healthy
infants and children and in children with growth
disorders. Pediatr Res 30(3): 276-280, 1991

Carey DE, Goldberg B, Ratzan SK et al: Radioim-
munoassay for type I procollagen in growth
hormone-deficient children before and during treat-
ment with growth hormone. Pediatr Res 19(1): 8-11,
1985

Saggese G, Bertelloni S, Barroncelli GI et al:
Serum levels of carboxy terminal propeptide of
type I procollagen in healthy childrn from 1st year
of life to adulthood and in metabolic bone disease.
Eur J Pediatr 151: 764-768, 1992

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

— 82 —

Agatsuma S, Kuwahara Y: The development of
the fetus. In Neonatology (Ogawa Y ed) pp 93-99,
Medicus Shuppan Publisher, Osaka (1995)
Burgeson RE: New collagens, new concepts
(Review). Annu Rev Cell Biol 4: 551-577, 1988
Prokip DJ, Kivirikko KI, Tuderman L et al: The
biosynthesis of collagen and its disorders. N Engl ]
Med 301: 13-23, 1979

Rotteveel J, Schoute E, Van Delemarre HA et al:
Serum procollagen I carboxyterminal propeptide
(P1CP) levels through puberty: relation to height
velocity and serum hormone levels. Acta Paediatr
86: 143-147, 1997

Taubman NB, Goldberg B, Sherr CJ: Radioim-
munoassay for human procollegen. Science 186:
1115-1117, 1974

minton SD, Steichen JJ, Tsang RC: Deceased bone
mineral content in small for gestational age infants
compared with appropriate for gestational age
infants: normal serum 25-hydroxyvitamin D and
decreasing parathyroid hormone. Pediatrics 71:
383-388, 1983

Garabedian M, Balsan S, David L: Parathyroid
hormone, vitamin D and calcitonin. /» Pediatric
Endocrinology (Bertrand J ed) pp 498-507, Williams
and Wilkins, Maryland (1993)

Katagi M, Ohtawa T, Fukunaga M et al: A study
of serum markers of bone metabolism in patients
with renal hyperparathyroidism: Measurement of
the carboxyterminal propeptide of human type I
procollage (P1CP) and the cross-linked carboxyter-
minal telopeptide of human type I collagen (1CTP).
Jpn Kidney Metab Bone Dis 8(2): 231-237, 1995
Blumsohn A, Hannon RA, Wrate R et al: Bio-
chemical markers of bone turnover during puberty.
Clin Endocrinol 40: 663-670, 1994

Yamamoto I, Takada M, Yuu I et al: Radioim-
munoassay for pyridinoline cross-linked carboxy-
terminal telopeptide of type I collagen (1CTP)
—some basic aspects of the RIA Kit and clinical
evaluation in various bone diseases. Jpn J Nucl
Med 30(11): 1411-1417, 1993



27

1705 —4  CRB7aAXRTFFFELU 18542 « cross-linked
carboxyterminal telopeptide % F\ 7zBRIZEABS R OB OKET

REZTFERKRE NERE (EEARBEATHR)
B OBTREGERE S —

FOAw .y Fife =

AAVT 2 ety ER2=]

KEHEAT - CEmMR" - KA EE

N
3

Z =

N «
3
% OfF

BxiZ, BROEHNZERHERET T 5780, BEEE L BRI T 2EE2RE Lz, &
ﬁ@ﬁ%&ﬁﬁéﬁwb,Amgﬂﬁwﬁantm%@%iﬁxﬁ%Qﬁﬁ@&mﬁﬁﬁﬁﬁm,ﬁ
HAZE R4001) B BEERIS & O 1 AR OREAR 8 ORI+ PICP (18 7o a7 —
7y CERESaxFFR) L1CTP (1825 —4 > «cross-linked carboxyterminal telopeptide)
PHIE U7z, HAERTMEN 81 2 PICP, 1ICTP f#i%, 22 h, 1423.5+611.6, 95.8+34.2
ng/ml (mean+SD) THh-7-. PICP H5WiZICTP &, EIRKBE, HARKE, F&, HEORM
2l i%n%nﬁ%&ﬁmﬁﬁé DTz, (p<0.0001). HEIRESICHES PICP, ICTPEOZE L, 1Z

%ﬁ@i%buf OGRS &, M1 PICP 3 & ' 1CTP B iR & AEHERR BAREREINE O #h
ﬁ FIFEITTH > 7>, ik PICP, 1CTP &, HAERFFHEEZSEL  LERERORZ 2 2
ﬁﬁm%f@,ﬁﬁﬁ&ﬁ&&wﬁﬁeaﬁf%ot.it,ﬁéﬁ?ﬁﬂﬁﬂ&%%b<bt%§
DR 2 QBB T, KENDLZVWEIZEBETH - 2. 1 ERBOREALL 8 Flick T % PICP,
1CTP OSFHER T, HraRofE kL, PICP 5E T, 1CTP »MEfETH YV, PICP/ICTP o
SEHHEIZHERD Z IR T AELSETH - 72, Fhicwt L, 4 o PICP/1ICTP ko FyfH
X RHAREIR, WHIERICERR L —ETh o7, BXOSEIOKETER> o, BERBICE T 281K
HIFZELLERTH Y, ZOHEROHKE L EREHDERFNCRBEL Tw s, $7RAROENR
SHIEBENE DI CEEEETHY, 1RE COARTHEBRMEMICGEZ > Tw3,

— 83 —



