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Summary 

Although it is known that calcitonin decreases bone resorption, 
lowers serum calcium and phosphate, and influences the urinary 
excretion of these ions, its effect upon skeletal maturation in 
growing children has not been elucidated. Conceivably, the higher 
serum calcitonin levels that have been reported in children may 
promote bone formation and growth. 

To study immunoreactive urine calcitonin (iCT) in normal chil- 
dren, we used the radioimmunoassay (RIA) which we had devel- 
oped previously to measure the hormone in normal adults and to 
screen persons at risk for medullary thyroid carcinoma (MTC). 
The measurement of urine iCT by RIA is particularly useful for 
children at risk for this thyroid malignancy because it obviates the 
need for venipunctures. Two antisera, one having region specificity 
for the midportion of CT (Ab-IIIb) and the other having carboxyl 
terminal recognition (Ah-IV), were utilized for the assay. 

For the carboxylterminal antiserum (Ab-IV), boys of ages 7 to 
12 years (mean urine iCT, (ng/mg + S.D.), 0.29 f 0.18) had urine 
iCT levels significantly higher than girls the same age (0.13 f 
0.05) and higher than both adult males (0.16 f 0.07) and adult 
females (0.084 + 0.034). Boys ages 13 to 15 years (0.12 f 0.03) 
had urine iCT concentrations which were not different from adult 
males. Girls of ages 7 to 12 years (0.13 + 0.05) had iCT levels 
significantly lower than boys of the same age (0.29 2 0.18), but 
significantly higher than adult females (0.084 + 0.034). Girls ages 
13 to 15 (0.11 f 0.05) had urine iCT levels not significantly 
different from boys of the same age (0.12 f 0.03). 

For the midportion antiserum (Ab-IIIb), children ages 7 to 15 
(0.58 + 0.384) had urine iCT concentrations greater than adults 
(0.26 f 0.10), but there were not significant differences in levels 
between boys and girls of the same age. 

Gel filtration studies revealed greater amounts of higher molec- 
ular weight fractions (pU-2, -14,600 daltons; pU-3, -11,000) of 
urine calcitonin than were found in the urine of most normal adults 
and all patients with MTC. 

Previously, we have established criteria for diagnosing MTC in 
adults using Ab-IV in the urine calcitonin RIA. These adult criteria 
can be applied to females of all ages and to males 212 years of 
age, but levels for boys 4 2  years require the adjusted criteria 
reported in this publication. In the present study, when using Ab- 
IV (the carboxyl terminal antiserum used in the previous MTC 
study), we have found higher urine iCT levels in children than 
among adults. The mean level in the various age groups decreased 
with age. Using the data obtained from this study, we can be more 
certain of ourhetermination that a child between the ages of 6 
and 15 is either normal or has MTC. 

Speculation 

Urine immunoreactive calcitonin (iCT) measured by radioim- 
munoassay has been found to be a very sensitive indication of the 
presence of medullary thyroid carcinoma in patients at risk for the 
familial form of the disease. Using two region specific antisera, we 
have determined iCT levels in the urine of normal children to 
provide an age- and sex-matched control group for children being 
screened for this thyroid malignancy. Urine iCT is higher in 

children and tends to decrease at puberty. Interesting differences 
are observed in the recognition of urine iCT by two different 
antisera in terms of sex and age. Do these observations have 
important physiologic relevance in regard to bone formation and 
growth? 

Although it is known that calcitonin decreases bone resorption, 
lowers serum calcium and phosphate, and influences the urinary 
excretion of these ions, its effect upon skeletal maturation in 
growing children has not been elucidated. In this regard, serum 
levels of immunoreactive calcitonin (iCT) have been reported to 
be higher in newborns and children than in adults (8). Conceiva- 
bly, higher iCT levels in children may promote bone formation 
and growth. Whether this high iCT of newborns is transient has 
not been determined nor has the age at which children attain 
adult levels of the hormone been defined. 

When we screened persons at risk for MTC using the RIA 
which we have developed for urine iCT, we found the measure- 
ment of the hormone in urine to be a more sensitive indication of 
the presence of this thyroid malignancy than that in the serum 
(10, 11). In our studies of serum and urine iCT in normal adults 
and in children and adults with MTC, we found that increased 
urinary iCT reflected increased secretion of the hormone and was 
always accompanied by either a high basal level and/or a high 
stimulated level of serum iCT. The measurement of urine iCT is 
particularly useful for children at risk for MTC because it obviates 
the need for venipuncture. Accordingly, to facilitate the screening 
of children for this neoplasm, we have determined concentrations 
of urine iCT in normal children. 

MATERIALS AND METHODS 

The RIA of urine iCT has been described previously (1 1). 
Second morning specimens of urine are collected in polyethylene 
receptacles containing sufficient NH4HC03 to maintain a pH 
27.5. First morning urine specimens are not used because some 
iCT can be degraded in the acid media of the bladder. After 
boiling to denature enzymes which may degrade iCT (present in 
significant amounts in <5% of urines), the urine samples are 
chromatographed on 5 ml Bio-Gel P-2 columns (containing 0.1 M 
NH4HC03 buffer at pH 7.5) to remove interfering salts and - 
purines. 

Two antisera, one having region specificity for the midportion 
of calcitonin (Ab-IIIb) and the other having carboxyl terminal 
recognition (Ab-IV) were utilized for the measurement of urine 
iCT. Urine iCT is expressed as ng iCT per mg creatinine to 
eliminate the necessity for collecting urine during a timed period. 
Gel filtration studies were done using G-75 superfine Sephadex 
(3 x 110 cm columns, pH 7.5) as we have previously described 
(12). Urines containing <0.5 ng/ml of iCT were concentrated 
before gel filtration. Urine (100 to 200 ml) was boiled, flash 
evaporated, and lyophilized. The dried material was extracted 
with three 10 ml aliquots of 1N NH40H:acetonitrile (1: l), and 
the extract was lyophilized (1). This lyophilisate was reconstituted 
in 10 ml of 0.1 M NH4HC03 at pH 7.5 for column chromatography 
and subsequent RIA. To establish levels of urine iCT for normal 



URINE CALCITONIN 1033 

children, we have studied urine from 60 boys and girls in a 
grammar school and 13 children in nursery schools. Appropriate 
consent forms were obtained. 

RESULTS 

The means + S.D. of urine iCT for children are tabulated by 
age categories along with the P value for comparison between the 
levels of urine iCT of children of various ages and sexes (Table 1). 

For the carboxyl terminal antiserum (Ab-IV), boys ages 7 to 12 
years had urine iCT levels significantly higher than girls the same 
age and significantly higher than both adult males and adult 
females. Boys ages 13 to 15 years had urine iCT concentrations 
similar to those of adult males. Girls ages 6 to 12 years had iCT 
levels significantly lower than boys of the same age, but signifi- 
cantly higher than adult females. Girls ages 13 to 15 had urine 
iCT levels not significantly different from boys of the same age. 

For the midportion antiserum (Ab-IIIb), children of ages 6 to 
15 had urine iCT concentrations significantly greater than adults, 
but there were no significant differences in levels between boys 
and girls of the same ages. 

U U 

Gel filtration revealed a greater concentration of higher molec- 
ular weight fractions of urine iCT (pU-2, - 14,600; pU-3, - 11,000), 
than were found in the urine of most normal adults and patients 
with MTC (Figs. 1 and 2). Ab-IIIb binds these high-molecular- 
weight fractions with greater avidity than Ab-IV. Interestingly, 
extracted cardiac blood obtained at autopsy had an iCT fraction 
of the same molecular size as pU-3 (Fig. 2), and previously, we 
reported serum iCT fraction IIA corresponding in molecular size 
to pu-2. 

Previously, we have established criteria for the diagnosis of 
MTC in adults with the urine calcitonin RIA using Ab-IV (10). 
The aforementioned adult criteria can be applied to females of all 
ages and to males >12 years, but criteria for boys 512 years 
requires the adjusted criteria indicated in Table 1. Another obser- 
vation which may prove clinically useful in the diagnosis of MTC 
for children t 1 5  years old is the ratio of iCT as measured by 
midportion antiserum, Ab-IIIb, to the iCT as measured by car- 
boxyl terminal antiserum, Ab-IV. The Ab-1IIb:Ab-IV ratio was 

Table 1. Urine iCT o f  children 

t l . O  for 21 of 21 (100%) MTC patients and >1.0 for 75 of 76 
(98%) normal children <15 years old. 

DISCUSSION 

It is known that normal newborns have high serum levels of 
iCT (8). In a study of normal children, 24% of those aged 5 to 10 
years had serum iCT levels higher than adults (7). In 1973, Wolfe 
et al. (13) described C cell hyperplasia in children of families with 
type I1 multiple endocrine neoplasia and showed that C cell 
hyperplasia is a precursor of MTC in these families. Later, the 
same group reported their experiences performing total thyroidec- 
tomies on this subset of patients (4). In all cases but one, neck 
exploration confirmed the diagnosis. Neck exploration was per- 
formed in only one child in whom C cell hyperplasia was not 
encountered, although their usual protocol of sthulatory tests 
had suggested the presence of either MTC or C cell hyperplasia. 
Because many of the patients at risk for MTC are children and 
because these children might have to be screened at yearly inter- 
vals, it is important to discriminate between normal children and 
those with C cell hyperplasia who may be destined to develop 
MTC. In our previous study of patients with MTC, we were able 
to diagnose correctly 75% of those screened by using the urine 
iCT RIA without the need for blood samples or stimulation tests. 

In most laboratories, neither normal control levels nor stirnu- 
latory levels of serum iCT have been determined in children of 
various ages. Carey et al. (2) reported basal studies for five normal 
children in whom calcium and pentagastrin infusions were also 
done. In that study, no differences from adults were observed in 
basal levels of serum iCT; however, calcium-stimulated serum iCT 
levels were higher in children than in adults. David et al. (3) found 
serum iCT to be undetectable ( t  150 pg/ml) in four of 15 newborns 
of low and normal birth weight, up to 2 hr after birth. In this 
latter study, a marked increase in iCT occurred at 12 to 14 hr and 
again at 22 to 26 hr followed by a decrease at 44 to 48 hr; serum 
iCT correlated negatively with gestational age. 

Shainkin-Kerstenbaum et al. (9) studied 37 normal children 
between ages of 6 to 12 and found a significant rise in serum iCT 
levels with age. These concentrations, which were frequently 

and adults b 2 2  vears o f  ape)' 

Females 
Males 
P for difference 

(males vs. fe- 
males) 

Females t 6  yrs vs. 
females 

Females 7-12 yrs 
vs. females 

Females 13-15 yrs 
vs. females 

Females 223 yrs vs. 
females 

Males 5 6  yrs vs. 
males 

Males 7-12 yrs vs. 
males 

Males 13-15 yrs vs. 
males 

Males 18-22 yrs. vs. 
males 

Males a23yrs vs. 
males 

5 6  yrs 7-12 yrs 13-15 yrs 18-22 yrs 223 yrs 

0.31 f 0.24' 0.62 f 0.23 0.13 + 0.05 0.47 f 0.18 0.11 + 0.05 0.42 + 0.19 0.084 + 0.034 0.27 -+ 0.13 
0.41 f 0.17 0.70 f 0.27 0.29 f 0.18 0.65 + 0.46 0.12 * 0.03 0.41 f 0.08 0.16 * 0.08 0.23 f 0.07 0.16 * 0.07 0.25 + 0.06 

N.S. N.S. <O.O 1 N.S. N.S. N.S. <0.00 1 N.S. 

N.S. <0.05 N.S. <0.05 <0.02 tO.001 

t0.03 N.S. N.S. N.S. tO.01 t0.002 

<0.04 N.S. N.S. N.S. N.S. <0.03 

t0.002 t0.001 <0.01 t0.002 N.S. <0.03 

N.S. N.S. <0.001 N.S. t0.001 t0.001 <0.001 tO.001 

N.S. N.S. 10.01 N.S. 10.003 tO.001 t0.003 t0.001 

t0.001 t0.01 tO.01 N.S. N.S. t0.001 N.S. <0.001 

<0.001 <0.001 <0.003 <0.001 N.S. <0.001 N.S. N.S. 

tO.001 <0.001 <0.003 <0.001 N.S. <0.001 N.S. N.S. 

' ng iCT/mg creatinine. 
Mean f S.D. 



Fig. 1. Gel filtration pattern of urine iCT of a male <12 years. old. 
(Gel filtration studies are carried out at 4OC on G-75 superfine Sephadex 
(Pharmacia Fine Chemicals. Inc., Piscataway, NJ) suspended in a buffer 
containing per liter, 7.91 g NHIHCO, and 2 g human serum albumin at a 
pH of 7.5 packed into glass columns to a gel volume of 3 x 110 cm). 

Fig. 2. Gel filtration pattern of urine iCT of a 19-year-old male. 

above adult levels, correlated inversely with levels of serum irn- 
munoreactive parathyroid hormone and serum phosphate. How- 
ever, the mean basal serum iCT level of the entire group of 
children was not significantly different from adults. 

Thus, in some of the aforementioned studies, mean serum iCT 
levels in children were found to be the same as that of adults (2, 
9) and in others levels were higher than adults (3, 7, 8, I!). The 
difficulty in obtaining a control population of normal children 
and the understandable reluctance of Human Studies Committees 
to grant permission to collect blood from normal children have 
both contributed to the paucity of serum data for this age group. 
To overcome these problems and to provide a better control 
population for our investigations of the clinical utility of urine 
iCT, we determined urine iCT concentrations for normal children. 

In the present study when using Ab-IV (the carboxyl terminal 
antiserum which had been used in the previous MTC study) (10) 
and Ab-IIIb (a midportion antiserum), we have found higher 
urine iCT levels in children than among adults. The mean levels 
in the various age groups decreased with age (Table 1). Using the 
data obtained from this study, we can be more certain whether a 
child between the ages of 6 and 15 is normal or has MTC. 

Although these studies in children have extended the usefulness 
of our urine test for MTC, they have raised several new questions 
which require further investigation. Figure 1 shows the gel filtra- 
tion pattern for the urine of a male child <12 years of age, and 

Fig. 3. Gel filtration pattern of urine iCT of an adult male 

Figure 2 shows the pattern of a 19-year-old male. These patterns 
are strikingly dissimilar to that found for most adult males (>22 
years of age), whose urines usually contain little or no iCT eluting 
with the same Kd as the principal iCT fraction in the child's urine 
(pU-3) (Fig. 3). It would appear that this high-molecular-weight 
iCT in the urine of children accounts for the very high levels of 
iCT as determined with our midportion antiserum, Ab-IIIb. 

When studying serum iCT, some laboratories find differences 
in iCT concentrations according to sex, and others do not (5, 6). 
In view of this controversy over sex-related differences in serum 
iCT, we would like to emphasize the striking discrepancies be- 
tween the results obtained for our two antisera with differing 
region specificities. At no age were we able to find a significant 
difference between females and males with respect to urine iCT as 
quantitated with midportion antiserum, Ab-IIIb. However, as 
reported by us previously, our carboxyl terminal antiserum, Ab- 
IV, quantitates more urine iCT in the urine of adult males than 
for adult females. Furthermore, in this study, male children <12 
years also had higher levels of Ab-IV quantitated iCT than did 
female children <I2 years. Urine iCT levels of boys and girls of 
ages 13 to 15 are indistinguishable using Ab-IV. Of considerable 
interest and possible physiologic significance is the striking de- 
crease in urine iCT (as quantitated by Ab-IV) at puberty for male 
children, and the equally striking decrease in urine iCT (as 
quantitated by Ab-IIIb) observed for all children between ages 15 
and 18. Does this marked decline in urine iCT reflect a decrease 
in C-cell function attendant with the end of the pubertal growth 
spurt and the concomitant accumulation of bone mass? Are the 
higher urine iCT levels observed in boys correlated with the higher 
bone mass eventually attained by males? Additional studies are 
required to further elucidate the mechanisms and significance of 
these interesting changes. 
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