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Exposure to exogenous estrogen through intake of commercial milk
produced from pregnant cows

Kazumi Maruyama, Tomoe Oshima and Kenji Ohyama
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of Yamanashi, Yamanashi, Japan '

Abstract

Background: Modern genetically improved dairy cows continue to lactate throughout almost the entire pregnancy.
Therefore. recent commercial cow’s milk contains large amounts of estrogens and pi'()gesterone With regard to the
exposure of prepubertal children to exogenous estrogens, the authors are particularly concerned about commercial milk
produced from pregnant cows. The purpose of the present study was therefore to examine concentrations of serum and
urine sex hormones after the intake of cow milk.

Methods: Subjects were seven men, six prepubertal children, and five women. The men and children drank 600 mL/m?
of cow milk. Urine samples were collected 1 h before the milk intake and four times every hour after intake. In men the
serum samples were obtained before and 15, 30, 45, 60, 90 and 120 min after milk intake. Women drank 500 mL of cow’s
milk every night for 21 days beginning on the first day of the second menstruation. In three successive menstrual cycles,
the day of ovulation was examined using an ovulation checker.

Results: After the intake of cow milk, serum estrone (E1) and progesterone concentrations significantly increased, and
serum luteinizing hormone, follicle-stimulating hormone and testosterone significantly decreased in men. Urine con-
centrations of El, estradiol, estriol and pregnanediol significantly increased in all adults and children. In four out of five
women. ovulation occurred during the milk intake, and the timing of ovulation was similar among the three menstrual
cycles.

Conclusions: The present data on men and children indicate that estrogens in milk were absorbed, and gonadotropin
secretion was suppressed. followed by a decrease in testosterone secretion. Sexual maturation of prepubertal children
could be affected by the ordinary intake of cow milk.

Key words cow milk. estrogen, prepubertal child, sexual maturation, sexual precosity.

During the 1960s and 1970s, with the worldwide spread of the
Green Revolution,' the possibility of year-round global milk pro-
duction was realized. Modern genetically improved dairy cows,
such as the Holstein, continue to lactate throughout almost the
entire pregnancy. extending the milk-producing period to 305
days per year.” Therefore, recent commercial cow’s milk contains
large amounts of estrogens and progesterone.™*

A dramatic increase in estrogen-dependent malignant
diseases, such as ovarian, corpus uteri, breast, testicular and
prostate cancers has been recognized.”™ Ganmaa ef al. investi-
gated the incidence and mortality of testicular and prostate
cancers in relation to dietary practices. Among various food
items, cow’s milk and cheese had the highest correlation with
incidence and mortality rate of these cancers.’” They also
investigated the correlation between food consumption and

Correspondence: Kenji Ohyama, MD, 1110 Shimogatou, Chuou,
Yamanashi, 409-3898, Japan. Email: kohyama@yamanashi.ac.jp

Received 23 July 2008; revised 22 April 2009; accepted 8 May
2009.

© 2010 Japan Pediatric Society

incidence rates of breast, ovarian and corpus uteri cancers. The
intake of milk, meat and cheese was closely correlated with
those cancers.®

Among the exposure of humans, especially prepubertal chil-
dren, to exogenous estrogens, we are particularly concerned with
commercial milk produced from pregnant cows. In Japan, milk is
produced predominantly by lactating cattle, and approximately
80% of this milk originates from pregnant cows. In prepubertal
children there is little secretion of estrogens, and serum 17f-
estradiol (E2) concentration is undetectable (<2 pg/mL) in a con-
ventional enzyme immunoassay.'® Therefore, exposure to small
doses of estrogens may have adverse effects on growth and matu-
ration in prepubertal children. But because measuring the con-
centration of estrogens in milk is considerably difficult,
concentrations reported by several analysts range widely from
low to extremely high.>5!-1

In the present study we examined the concentration of estro-
gens and progesterone in the serum and urine of young men and
prepubertal children after the intake of cow’s milk. Moreover,
we investigated the influence of daily milk intake on the men-
strual cycles of healthy women. If the milk contains high
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Table 1 Men: subject characteristics

Table 3 Women: subject characteristics

Height Weight Body surface Milk intake Age BMI Menstrual
(cm) (k) (m?) (mL) (years) cycle (days)

1 177 73.0 1.90 1140 1 19 17.7 29-35

2 174 83.0 1.97 1182 2 19 21.8 25-27

3 161 66.0 1.69 1014 3 31 21.7 29-35

4 167 714 1.81 1086 4 32 20.3 2429

5 162 59.0 1.62 972 3 36 234 37-39

?] i;; 228 i;g :823 BMI, body mass index.

concentrations of estrogens and progesterone, the timing of ovu-
lation may be affected by successive milk intake.

Methods

The subjects included healthy young men aged 19-21 years
(Table 1). All of the men drank a volume of 600 mL/m* (body
surface) of milk within 10 min.

Seven prepubertal children were enrolled in the study
(Table 2). Four of the seven children drank a volume of
600 mL/m? of milk, but two of them could only drink 61% and
73% of the milk volume. Another girl could not drink half of the
volume. Six children except this girl took part in this study.

Five women who had regular menstruation were included in
the study (Table 3). Four of the five women had menstrual cycles
of 28 days. but one woman aged 36 years had a regular cycle of
36 days. Four of the women did not regularly drink cow’s milk,
and one woman had a cup of milk every morning.

The cow’s milk used for the study was commercially available
cow’s milk containing more than 3.5% fat.

Procedure
Men

Intake of milk and dairy products was prohibited for 3 days prior
to the study. All of the men drank 600 mL/m* of cow’s milk
within 10 min. Urine samples were collected 1 h before the milk
intake and four times every hour after the intake. The volume of
the urine samples was measured, and they were stored at —=20°C
for 2 days. Subsequently, urine concentrations of estrone (El),
E2, estriol (E3) and pregnanediol were measured. Urine excre-
tion volume of these hormones every hour was calculated as
follow: Urine excretion volume of hormone (ng or ug/h) = urine
concentration of hormone (ng or pg/mL) X urine volume (mL/h).
Urine data are expressed as excretion volume per hour. Serum

Table 2 Prepubertal children: subject characteristics

samples were obtained before and 15, 30, 43, 60, 90 and 120 min
after the milk intake. Serum concentrations of E1, E2, luteinizing
hormone (LH), follicle-stimulating hormone (FSH) and testoster-
onc were measured. Hormones levels of urine and sera were
measured at Special Reference Laboratory (Hachioji, Tokyo,
Japan). Serum El levels were measured on radioimmunoassay
(RIA). and E2. testosterone and progesterone, on electrochemi-
luminescence immunoassay. Serum LH and FSH levels were
measured on chemiluminescence immunoassay. Urine estrogens
(EL, E2. E3) were measured on RIA. and pregnanediol on gas
chromatography—mass spectroscopy.

Prepubertal children

Intake of milk and dairy products was prohibited for 3 days prior
to the study. Intake of milk volume was 600 mL/m?, but two out
of the six children could drink only 619% and 73% of the volume
within 10 min. respectively. In children, serum samples were not
obtained, and urine samples were collected in a method similar to
that of the adults, and the concentration of El, E2, E3 and
pregnanediol was measured.

Women

In three successive menstrual cycles, basal body temperature was
measured, and the day of ovulation was examined on measure-
ment of urine LH concentrations using an ovulation checker from
17 days before the expected first day of the next menstruation
cycle. All of the women drank 500 mL of cow’s milk every night
for 21 days beginning on the first day of the second menstruation.
The day of ovulation in the second menstrual cycle during which
milk was consumed was compared with that of the first and third
menstrual cycles.

Statistical analysis

The data were analyzed using SPSS II (SPSS, Chicago, IL.
USA). Non-parametric Wilcoxon signed rank tests were

Age Sex Height Weight Body surface Body surface-based Total milk intake
Years : Months (em) kg) (m%) milk volume (mL) (mL) (%)
1 8:8 M 127.0 26.0 0.96 580 580 (100)
2 7:3 M 119.8 19.5 0.82 490 490 (100)
3 8:8 M 125.0 240 092 550 340 (62)
4 7:6 F 122.0 22.0 0.92 550 550 (100)
5 8:8 F 12222 21.8 0.87 520 520 (100)
6 9:9 F 129.6 32.6 1.07 640 470 (73)
7 7:7 F 117.6 19.6 0.81 490 180 (37)

© 2010 Japan Pediatric Society
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Fig. 1 Comparison between basal levels and peak levels of (a)
serum estrone (E1). (b) estradiol (E2) and (¢) progesterone before
and after intake of cow milk in men (n = 7).

performed to examine the difference of hormone concentrations
before and after the intake of milk. P < 0.05 was taken as
significant.

Approval for the present study was obtained from the ethics
committee of the University of Yamanashi School of Medicine.

Results
Men

Serum basal and peak concentrations of EI., E2 and progesterone
during examination of the milk intake are shown in Figure 1.
Serum El concentration was significantly increased and peaked
30-60 min after the intake of milk (mean *+ SE, before and peak:
102.3 + 10.3 pg/mL and 128.9  [1.8 pg/mL, P < 0.02). Serum
E2 concentration was unchanged during the 2 h examination
(before and peak: 31 + 4 pg/mL and 32 £ 4 pg/mL. NS). Serum
progesterone concentration significantly increased and peaked
30-60 min after the intake of milk (mean * SE, before and peak:
0.66 £ 0.08 ng/mL and 0.75 £ 0.10 ng/mL. P < 0.02).

Serum basal and nadir concentrations of LH, FSH and test-
osterone before and after milk intake are shown in Figure 2.
Serum LH and FSH concentration gradually decreased in six out
of seven men, and reached a nadir 60-120 min after the intake of
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Fig. 3
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Fig.2 Comparison between basal and nadir levels of (a) serum
luteinizing hormone. (b) follicle-stimulating hormone and (c) test-
osterone before and after intake of cow milk in men (n = 7).

milk (before and lowest point: LH. 3.29 £+ 0.49 mIU/mL and 2.48
+0.43 mIU/mL, P <0.05: FSH. 3.43 £ 0.17 mIU/mL and 3.19
0.15 mIU/mL. P < 0.02). Serum testosterone concentrations
decreased considerably 120 min after intake in all subjects
(before and lowest point: 6.04 + 0.38 ng/mL and 4.94 + 0.13 ng/
mL. P <0.02).

As shown in Figure 3. the volume per hour of urinary excre-
tion of E1, E2, E3 and pregnanediol significantly increased after
the intake of milk in all subjects (P < 0.02). Urine El excretion
increased 1 h after intake, and reached a peak 4 h after intake in
five out of seven men. Urine E2 excretion increased 1 h after the
intake in six out of seven men. Peak excretion of E2 in urine was
detected after | hin three subjects, and after 4 h in another three
subjects. Urine E3 excretion also increased after 1 h in six out of
seven men, and reached peak levels after 4 h in five men. Urine
preganediol excretion peaked after 1 h in two out of seven men,
and after 4 h in another four men.

Prepubertal children

Changes in urinary excretion volumes of El, E2. E3 and preg-
nanediol are shown in Figure 4. Urinary excretion patterns were
similar among these four hormones. Peak excretion volume of
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120F 20k P<0.02
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= 80 _ 15r
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z E;
T 60 10
40
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Comparison between basal excretion volumes (basal) and maximum excretion volumes (peak) of (a) urine estrone. (b) estradiol, (¢)

estriol and (d) pregnanediol before and after intake of cow milk in men (n = 7).
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Fig.4 Changes in mean urine excretion volume of (a) estrone, (b) estriol, (¢) estradiol and (d) pregnanediol after intake of cow milk in

prepubertal children (mean + SE, n = 6).

the hormones was detected at 1 h in three children, at 3 h in three
children, and at 4 h in one child. The net increase in volume of
urine excretion of E2 at 4 h after the intake of milk ranged from
39 to 109 ng. Urinary basal and peak excretion volumes of El,
E2. E3 and pregnanediol before and after milk intake are shown
in Figure 5. Urinary excretion of these hormones significantly
increased after intake (P < 0.02).

Women

In four out of five women, ovulation occurred during milk intake
in the second menstrual cycle, and the timing of ovulation was
similar among the three menstrual cycles. In these four women,
the third menstruation and ovulation occurred regularly. In one
woman, however, aged 36 years who had a menstrual cycle of

(a) (b)
4or pgo2 M0 s
120 120+
100 100
S 80 5 80
= =
60 60
40 40
20 20

Basal

Peak

Peak

Basal

37-39 days. ovulation did not occur during the intake of milk.
She ovulated 7 days after stopping milk intake.

Discussion

Toxicological and epidemiological studies have indicated that E2
could be categorized as a carcinogen.™ Milk is considered to be
a rich source of estrogens. Indeed, E2 concentration is higher in
mammary drainage than in the peripheral circulation in high-
yielding cows."” Pregnant cows are under the control of relatively
high levels of estrogens. and milk produced from pregnant cows
contains correspondingly high concentrations of estrogens.
Estrogen concentration in milk has been measured since the
1970s, mainly as an indicator of pregnancy.'™'® Concentration of
El sulfate increases from 30 pg/mL in noti-pregnant cows to
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Fig. 5 Comparison between basal excretion volumes (basal) and maximum excretion volumes (peak) of (a) urine estrone, (b) estradiol, (¢)
estriol and (d) pregnanediol before and after intake of cow milk in prepubertal children (n = 6).
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151 pg/mL in pregnant cows at 40-60 days of gestation, and 10 a
maximum level of 1000 pg/mL in cows at 220 days of gestation.'
Recently. according to Malekinejad et al., the concentration of
estrogens in cow’s milk under various conditions was measured
using liquid chromatography-tandem mass spectrometry after
enzymatic deconjugation.” Their results indicated that processed
milk with 3.5% fat contains high concentrations of El and E2.
Qin et al. also reported high concentrations of estrogen in preg-
nant cow’s milk.> Moreover, milk and milk products contain high
amounts of progesterone, which accumulate with increasing
milk-fat content.?

In the present study in men, concentrations of serum El and
progesterone increased after intake of cow’s milk, concentrations
of serum LH. FSH and testosterone significantly decreased 2 h
after intake, and the volume of urine excretion of E1, E2 and E3
significantly increased. These resulis suggest that estrogens in
milk were absorbed. and gonadotropin secretion was suppressed.
followed by a decrease in testosterone secretion. The activation
of a negative feedback mechanism due to exogenous estrogens in
cow’s milk indicates that men are affected by intake of commer-
cial cow’s milk. Because the main estrogen in milk is E1, and E2
concentration is relatively low compared to El. serum E2 levels
do not change for 2 h after the intake. but instead urine excretion
of E2 significantly increascs, suggesting that the conversion from
El to E2 progresses slowly.

In prepubertal children, excretion volumes of estrogens and
pregnanediol significantly increased 1-3 h after intake. The net
increase of E2 excretion from the basal level (E2 in urine before
the intake) was 39109 ng/4 h in the present study.

In prepubertal boys, serum E2 level measured on ultrasensi-
tive recombinant cell bioassay is 0.08 = 0.2 pg/mL." Based on
these data, the E2 production rate is 40 ng/day in prepubertal
boys.'” The E2 in urine may be equal to or more than the daily E2
production rate in prepubertal boys. Reliable data on the daily
production rate of E2 are still lacking in prepubertal children.
Andersson and Skakkeback reported that the conventional E2
production rate, according to the JECFA 1988 report, was pre-
sumably highly overestimated.'” Sheehan tested the hypothesis
that no threshold exists when estradiol acts through the same
mechanism as an active endogenous estrogen, and he found evi-
dence that contradicted the threshold assumption and low-dose
safety.' Premature thelarche. gynecomastia, and pubertal growth
spurt occur at very low or undetectable serum E2 levels, suggest-
ing that prepubertal children are highly sensitive to estrogens."”
Serum E2 level (0.6 + 0.6 pg/mL) in prepubertal girls was sig-
nificantly greater than the level (0.08 +0.2 pg/mL) in prepubertal
boys.' Although this gender difference is extremely small in
absolute figures, the higher level of E2 in girls may explain their
carlier pubertal onset and growth spurt. Growth-promoting
effects of very low doses of estrogen (25 ng/kg per day of ethi-
nylestradiol) have also been observed in Turner syndrome.* Even
small changes in serum E2 concentrations within the extremely
low prepubertal range may, therefore, have significant biological
implications. The present data on men and children indicate that
the intake of estrogens from 600 mL/m’ of cow’s milk may
correspond to the daily estrogen production rate in prepubertal

Exposure to estrogen from pregnant cow milk 37

boys, and height growth and sexual maturation of prepubertal
children could be affected by normal intake of cow’s milk.

Recent surveys on the timing of pubertal onset show an
alarming trend of earlier sexual maturation in girls.? Anderson
etal. reported a drop of approximately 2.5 months in the
average age of menarche between 1963-1970 and 1988-1994 in
US girls. and referred the relationship of carlier menarche to
increased body mass index (BMI).** Several reports concerning
puberty in girls suggest a positive correlation between the
timing of breast development or menarche and that of increases
in BML** Because adipose tissue is a source of estrogens. the
cause of earlier sexual maturation may not only be a change in
nutritional status, but also an increase in estrogen secretion from
adipose tissue. Exposure to exogenous estrogens through intake
of commercial milk produced from pregnant cows has spread
around the world since the 1970s. We think that the intake of
pregnant cow’s milk is one of the major causes of early sexual
maturation in prepubertal children.

The menstrual cycle in women is controlled by relatively high
levels of E2 and progesterone. Commercial milk produced from
pregnant cows contains not only estrogens but also progesterone.’
The prolonged intake of estrogen and progesterone compounds
may affect the timing of ovulation. We examined the effect of the
intake of cow’s milk for 21 consecutive days from the start of the
last menstruation to ovulation. The timing of ovulation in four of
five women was not affected by the intake of milk. These four
women were healthy young women, but the fifth woman suffered
from oligomenorthea of a 37-39 day cycle. Her ovulation
occurred 7 days after the discontinuation of milk. These results
suggest that ovulation in women with subclinical hypogonadism
might be affected by an abundant intake of milk, although normal
menstrual cycles are not influenced.

Since 1985, daily intake of cow’s milk has been extensively
recommended, especially to prepubertal children in Japan. The
average age of menarche in girls living in metropolitan Tokyo
occurred at 12 years 5 months in 1987, and 12 years 3 months in
1993.% These findings and the present data indicate that the
intake of cow’s milk may cause earlier sexual maturation. The
relationship between estrogens in pregnant cow’s milk and
sexual maturation in children must be acknowledged as an
important theme.
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ABSTRACT

Late-onset circulatory dysfunction (LCD) is
a phenomenon specific to premature infants
and is characterized by sudden onset of hypo-
natremia, hypotension, oliguria and non-
physiological weight gain, without an obvious
cause, in premature infants after stabilization
of circulation and respiration. The cause of
LCD is not clear, but adrenal insufficiency in
premature infants is a severe syndrome
because steroid replacement therapy is often
essential to treat the symptoms. We report a
rare case of a premature infant who developed
an LCD crisis the day after thyroxine replace-
ment therapy. The female infant was born at
25 weeks of gestational age, weighing 672 g,
and appeared to have hypothyroidism, with
free T4 of 0.19 ng/dl and elevated TSH levels
of 26.3 plU/ml at Day 14. She developed an
LCD crisis the day after starting thyroxine
treatment. She received steroid replacement
therapy for 4 weeks and her adrenal function
progressively recovered. She also needed thy-
roxine supplementation for 13 weeks, which
maintained her thyroid function as euthyroid.

Because she exhibited cortisol insufficiency

and thyroid hormone insufficiency, the ante-
cedent thyroid hormone replacement may be
responsible for the onset of LCD. We must
consider monitoring adrenal function when
starting thyroxine therapy in premature
infants with hypothyroxinemia.
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INTRODUCTION

Premature infants often have poor pituitary
function and hormone synthesis, and often deve-
lop relative hormone insufficiency. In Japan, a
number of premature infants with late-onset
circulatory dysfunction (LCD; or late-onset
circulatory collapse) have been reported’. This
syndrome is classified as adrenal insufficiency of
prematurity (AOP) when steroids need to be
administered to overcome impaired adrenal
function. LCD is usually characterized by sudden
onset of hyponatremia, hypotension, oliguria,
and non-physiological weight gain, without an
obvious cause, in infants after stabilization of
circulation and respiration. Some LCD cases are
considered to show relative adrenal insufficiency
because volume expanders (physiological saline
or plasma albumin agents) and inotropic agents
are often ineffective, whereas steroid replacement
therapy is usually effective’. On the other hand,
hypothyroxmerma is often reported in premature
infants’, and many trials of thyroxine replacement
therapy (predommanﬂy levothyroxme) have been
reported”. However, it is unclear whether thy-
roxine replacement is effective in terms of neuro-
developmental outcome in premature infants.
Some cases of premature infants who developed
LCD after receiving thyroxine treatment for
hypothyroxinemia have recently been experienced
in Japanese neonatal intensive care units (NICU).
These cases have not been reported yet, and the
relationship between thyroxine therapy and LCD

153

— 146 -



154 H. YAGASAKIET AL.

is unclear. Therefore, we report here an extremely
low birth weight infant who developed LCD after
thyroxine treatment.

PATIENT REPORT

A female infant was born at the gestational age
of 25 weeks and 1 day, with a birth weight of 672
g and height of 31.5 cm. She was the first child of
healthy parents of Brazilian nationality. Her
mother was admitted to our hospital due to
premature rupture of the membranes, and her
laboratory data were WBC 13,000/ul and CRP
0.56 mg/dl. Therefore, continuation of pregnancy
was difficult and an emergency Cesarean section
was performed. Antenatal steroids were not
administered because of the emergency delivery.
The infant had a 1-min Apgar score of 5 and a 5-
min score of 7. Therefore, she was intubated
while in the delivery room for positive pressure
ventilation and she was then admitted to our
NICU.

The clinical course of the emergency period is
shown in Figure 1. She was treated with intra-
tracheal surfactant due to respiratory distress
syndrome; antibiotics, gamma-globulin and granu-
locyte-colony stimulating factor due to infection;
and inotropic agent (dopamine) and indomethacin
because of the presence of patent ductus
arteriosus. After stabilizing her respiratory and
circulatory status, breast-milk feeding was started
at day 5 and her body weight increased slightly.

Fourteen days after birth, her laboratory
examination revealed hypothyroidism; her serum
free T3 concentration was 1.65 pg/ml, free T4
was 0.19 ng/dl and TSH was 26.3 plU/ml.
Therefore, thyroxine therapy (5.0 pg/day) was
commenced. The next day (Day 15), she suddenly
developed hyponatremia (serum Na: 129 mEg/l),
hypotension (blood pressure: 45/24 mm Hg;
<80% of the mean for the previous day), oliguria
(urine volume: 0.9 ml/kg/h), and non-physio-
logical weight gain with severe edema. We
performed blood examinations, culture and ultra-
sonography; sepsis, PDA and intraventricular
hemorrhage (IVH) were excluded as possible
causes of hypotension. Thyroid function on Day
14 and emergency data on Day 15 are shown in
Table 1. Because her serum cortisol concentration

was very low (2.0 pg/dl), relative adrenal
insufficiency was suspected.

Based on these findings, we diagnosed LCD
and started steroid therapy (hydrocortisone, 1
mg/dose, twice per day), and continued thyroxine
therapy. Her blood pressure and urine volume
improved within 24 hours, she was able o
continue milk feeding, and showed weight gain.
The clinical course after steroid therapy is shown
in Figure 2. Her steroid therapy was continued for
40 days after the first administration. Thyroxine
therapy was set to 5.0 pg/day between Days 15
and 116. On Day 116, her body weight had
increased to 1,700 g and thyroxine was dis-
continued. Her thyroid hormone status was
maintained as euthyroid and, 1 month later, her
TSH, free T3 and free T4 levels were 2.58
plU/ml, 3.68 pg/ml and 1.28 ng/dl, respectively.
On day 160, we performed a CRH loading test to
assess her adrenal function, and the results are
shown in Figure 3. The CRH loading test revealed
normal adrenal function, although a TRH admi-
nistration test was not performed at that time. The
patient was discharged on Day 165 weighing
3,586 g and continued treatment at an outpatient
department. At this time, she had chronic lung
disease (CLD) and mild deafness, without peri-
ventricular leukomalacia (a major complication
associated with LCD).

DISCUSSION

Here, we have reported a rare case of an
extremely low birth weight infant who had
cortisol insufficiency and thyroid hormone
insufficiency. We considered that it would be
dangerous to treat hypothyroidism in a premature
infant, and it was difficult to assess the associ-
ation between LCD and thyroxine therapy.

The wunderlying pathogenesis of LCD is
obscure although it seems to represent adrenal
dysfunction because intravenous steroids are
effective in some cases. Relative adrenal in-
sufficiency occurs when an infant’s cortisol
response is inadequate for the degree of illness or
stress’. The diagnostic criteria for LCD are now
considered to include the sudden development of
hypotension or oliguria requiring treatment,
without obvious cause, in preterm infants with

JOURNAL OF PEDIATRIC ENDOCRINOLOGY & METABOLISM

— 147 -



LATE-ONSET CIRCULATORY DYSFUNCTION [Ex]

y-globutin
.v Il indomethacin
{ AB-PC +GM, FCZ | { Hydrocertisone |
| Dopamine | { T4 |
} Blood Pressure
;mew G "Qm
750 €0
50 Urime
700 (ralifsllis)
- 4
40
650
30 3
o0 20 7] 2
S50 10 = 1
500 o = 0

1234567891011121314151617
Day

Fig. 1:  Clinical course of the emergency period (Days 017 after birth). The upper broken line represents systolic blood

pressure and the lower broken line represents diastolic blood pressure. The solid line represents body weight. The
lower area represents urine volume.

TABLE 1
Laboratory findings at onset of LCD (Day 15 after birth)

Blood cell count Biochemistry Endocrinology
WBC 14000 /! CK 424 1un ACTH 51.9 pg/ml
RBC  329x104l BUN 17.5 mg/dl  Cortisol 2.0 pg/dl
Hb 12.1 g/dl Crtn 2.55 mg/di 17-OHP 9.4 ng/ml
Ht 355 % Na 129 mEqg/l
Pit 29.6x10%l K 6.4 mEg/l Thyroid function

Cl 98 mEq/l (day 14)
Blood Gas Analysis mEq

Glucose 75 mg/dl TSH 26.3 piu/mi
pH 7.362

CRP 0 mg/d free-T, 1.65 ng/ml
pCO, 46.5 mmHg

Lactate 12 mmoln  free-T, 0.19 pg/ml
pO, 32.2 mmHg
HCO,~ 25.8 mmol/l Urinalysis
BE 0.6 mmol/l Na 45.4 mEg/l

(V-line) FENa 586

VOLUME 23, NO. 1-2, 2010



156 H. YAGASAKIET AL.

[ Hydrocortisone ]

( I-T4 )
Body weight (g)
4000
3500 ]

3000 / /

2500 /

2000 |1 Onpset | ) -

. of LCD Extubation / CRH test
‘ /

1000 M/

500
o
O 7 14 21 28 86 42 49 56 63 70 77 84 91 98 105 112 119 126 133 140 147 154 161
Day
Day 14 25 42 116 147
TSH (plU/ml) 26.36  2.56 0.67 3.38 2.58
fT3 (ng/ml) 1.65 1.41 1.89 2.68 3.68
fT4 (pg/ml) 0.19 0.33 0.96 0.91 1.28
Fig. 2:  Clinical course of body weight and thyroid function during hospitalization (Days 0-165 after birth). The solid line
represents body weight.
ACTH (pg/ml) Cortisol ( u g/dl)
120 20
100
15
80
60 10
40
)
20
0 0
0 15 30 60 0 15 30 60
Time (min) Time (min)

Fig. 3: Result of the CRH loading test on Day 160 after birth. CRH load: 1 pg/kg iv.

JOURNAL OF PEDIATRIC ENDOCRINOLOGY & METABOLISM

- 149 -



LATE-ONSET CIRCULATORY DYSFUNCTION 157

stable circulatory and respiratory conditions for
several days. Hypotension is defined as a blood
pressure <80% of the mean value before the
episode, and oliguria is defined as at least one of
the following: (1) passed less than 50% of the
urine volume before the episode over 8 hours; (2)
passed <1 ml/kg/h over 8 hours; or (3) anuria
lasting 4 hours®. We believe our patient met these
criteria, but steroid therapy was not completely

successful because she developed steroid depen- -

dence and steroid replacement therapy could not
be withdrawn for 40 days, while the mean steroid
therapy period reported is within 8 days. The
concomitant thyroxine therapy likely affected her
steroid dependence. At the onset of LCD, her
serum cortisol was low (2.0 pg/dl), which was
considered to be due to adrenal immaturity, which
was considered to be insufficient to maintain
homeostasis during acute stress or clinical syn-
dromes such as hypotension. Thus, the best
therapeutic plan was considered to be to maintain
observation until her adrenal function had
matured. In fact, her adrenal function, as
determined by the CRH stimulation test on Day
160, was nearly normal.

In preterm infants, thyroxine (T4) and
triiodothyronine (T3) levels are lower than those
in term infants, and thyroid function in premature
infants is characterized by decreased serum free
T4 and TSH levels during the first 2-4 postnatal
weeks -of life, a condition known as transient
hypothyroxinemia of prematurity’. On the other
hand, hypothyroxinemia with elevated TSH levels
is suspected to represent congenital hypothyroid-
ism and the administration of thyroid hormone
should be started immediately®. Thyroid function
in the present infant on Day 14 revealed hypo-
thyroidism with elevated TSH levels; therefore,
we did not hesitate to commence thyroid hormone
replacement. However, she was successfully
withdrawn from thyroid hormone replacement,
and we believe this case represents transient
hypothyroidism.

In Japan, some cases of LCD after thyroxine
therapy have been experienced. The incidence of
LCD is 11.6% in extremely low birth weight
infants (birth weight below 1,000 g), and 9.3% of
all cases of LCD occurred after thyroxine
therapy However, it is unclear whether thyroid

VOLUME 23, NO. 1-2, 2010

hormone affects the onset of LCD, and there are
no clear reports describing such events in the
literature. Another report suggested that some
cases of LCD may occur in premature infants
with hypothyroxinemia and elevated TSH'.
Therefore, thyroxine therapy should be started
carefully in infants with immature adrenal func-
tion. In patients with complex hypopituitarism,
glucocorticoids should be administered before
starting thyroid hormone replacement, because
thyroid hormone administration in hypothyroid
patients increases the reqmrement for gluco-
corticoids during stress''. Our patient exhibited
adrenal insufficiency and low cortisol production
and, because thyroid hormone activates cortisol
metabolism, she was unable to compensate for
hypotension and was dependent on steroids: for
one month. Therefore, assessment of adrenal
function (e.g., serum cortisol concentration) is
important when starting thyroxine therapy.
Further studies are needed to clarify the patho-
physiology of LCD and the association between
LCD and hypothyroidism.
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We analyzed the gene and protein expression of
serologically defined colon cancer antigen 8. Gene
expression was upregulated in the maturing rat testis,
and was localized to the spermatocytes. Protein was
detected in the spermatids and at the sites of mRNA
expression. Specific expression of colon cancer antigen 8
was observed in the maturing rat testis.

Key words: centrosomal colon cancer autoantigen
protein; immunohistochemistry; in situ
hybridization; serologically defined colon
cancer antigen §; spermatogenesis

Spermatogenesis is a complex process during which
many genes are systematically expressed. Male repro-
ductive cells are arranged in the seminiferous tubules
from the basement membrane as spermatogonia, sper-
matocytes, and spermatids. Spermatogonia undergo
mitosis to form primary spermatocytes, which undergo
meiosis to form spermatids. We have screened the genes
expressed during this process using differential display
(DD). The genes classified and characterized so far
include (i) molecular motor proteins that transfer
cytoplasmic cellular substances (e.g., kinesin);! (ii)
cytoplasmic regulators of membrane trafficking (e.g.,
RabGAP/TBC);? (iii) molecular chaperones (e.g., the
small heat shock protein Hsp20, which is a member of
the oB crystallin-related protein family);® (iv) the sperm
flagellum-movement associated protein ODF1 and an
adenylate kinase domain-containing protein that cata-
lyzes ATP synthesis;¥ and (v) tumor suppressor gene
products in relation to Ha-ras (e.g., hrasls5).”

In addition to these genes, we identified a novel class
of gene that was specifically expressed during spermato-
genesis. This gene product was identified as serologi-
cally defined colon cancer antigen 8 (SDCCAGS) or
centrosomal colon cancer autoantigen protein
(CCCAP),? and its C-terminal portion was identified
as serologically defined human colon cancer autoantigen
(NY-CO-8). These cancer autoantigens were initially
screened by serological analysis of a recombinant
cDNA expression library (SEREX) derived from human

tumors. During this process, a range of antigens (NY-
CO-1 to 48) was screened.” The Sdccag8 gene product
was determined to be a component of the centrosome.
It possessed a coiled-coil domain in its C-terminus.
Coiled-coil domains are found in many proteins (e.g.,
structural proteins, motor proteins, and transcription
factors) that interact with other proteins to perform
specific functions. In the case of the bacteriophage Mnt
repressor, dimerization of two anti-parallel coiled-coil
structures is required to bind DNA and regulate gene
expression controlling the switch between the lysogenic
and lytic growth cycles of bacteria.® Mouse CCCAP has
also been determined to be capable of homo-oligome-
rization using the yeast 2-hybrid system.® These
observations suggest that this gene product has certain
specific functions related to spermatogenesis.

Since the function of the Sdeccag8 gene product is
largely unknown in relation to spermatogenesis, we
determined its mRNA and protein expression in matur-
ing rat tissues.

Gene expression in 7-week-old rat testes was com-
pared with the expression observed in 3-week-old rat
testes by DD. We identified several differentially
regulated gene fragments and analyzed the expression
of rat Sdccag8 (accession no. NM_177929). Gene
expression was determined by Northern blotting. Five
pug of RNA was electrophoresed in a formaldehyde-
containing agarose gel, and blotted onto a Hybond N*t
membrane (GE Healthcare, Buckinghamshire, UK). The
582-bp PCR product containing the 5’ non-coding and
coding cDNA fragments of Sdccag8 was used as a probe
in the Northern blot experiments. Probe DNA was
labeled using a random primer [@->*P] dCTP labeling
system (GE Healthcare). The membrane was rehybri-
dized with rat B-actin cDNA as an internal control for
the amount and integrity of RNA. Gene expression in
the testis was determined by in sifu hybridization (ISH),
as previously reported,*> except for the following
modifications: Riboprobes were synthesized using the
T7 promoter attached to a ¢cDNA fragment from the
+308 to the +733 region of the gene as a template using
DIG RNA Labeling kit (Roche, Basel, Switzerland). The

¥ To whom correspondence should be addressed. Tel/Fax: +81-857-31-5360; E-mail: yyamano @muses.tottori-u.ac.jp
Abbreviations: CCCAP, centrosomal colon cancer autoantigen protein; CT antigens, cancer/testis antigens; DD, differential display; ISH, in situ
hybridization; SDCCAGS, serologically defined colon cancer antigen 8; SEREX, serological analysis of recombinant cDNA expression library
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Fig. 1. Sdccag8 Transcript and SDCCAGS Protein Expression.

A, Sdccag8 expression was analyzed in stage 3-, 7-, and 9-week (W)-old rat testis; B, Expression in the organs of 9-week-old rats (Cr,
cerebrum; Ln, lung; He, heart; Lv, liver; Kd, kidney; Cn, colon; Ts, testis; Ov, ovary). Five pg of RNA was loaded in each lane of a
formaldehyde-containing gel. The positions of ribosomal RNA are indicated by arrows on the left, as 28S (288 rRNA) and 18S (18S rRNA). The
Sdecag8 mRNA signal position is indicated by an arrowhead on the right. To confirm the integrity and quantity of the RNA, the rehybridized
signal of rat B-actin mRNA is indicated at the bottom. C, SDCCAGS protein expression of 9-week-old rats. Three pg of protein (Cn, colon; Ts,
testis; Ov, ovary) was loaded in each lane on the polyacrylamide gel. The positions of the protein standards are indicated on the left by arrows.
The SDCCAGS signal position is indicated on the right as an arrowhead. The blotted signal detected using an anti -actin antibody as an internal

control is indicated at the bottom.

probe was hybridized to 5-pm sections of 8-week-old rat
testis, and the signal was developed using the DIG
Nucleic Acid Detection kit (Roche) with methyl-green
as a counterstain, following the manufacturer’s protocol.

Protein expression was determined by Western
blotting. Two synthetic oligo-peptides, C + SSLAEAQ-
ERETSAYK and DQLRAQLPSMPQSDC, were used to
immunize rabbits, and sera were collected as a poly-
clonal antibody by a custom antibody producing service
(Operon Biotechnologies, Tokyo). Rat tissue proteins
were prepared and purified using Sample Grinding kit
(GE Healthcare). We electrophoresed 3ug of each
protein on a sodium dodecyl sulphate containing 7.5%
polyacrylamide gel, and transferred it to a Hybond C
membrane (GE Healthcare). The membrane was hybri-
dized with the antisera (1:1,000) and incubated with
HRP-conjugated goat anti-rabbit IgG (1:5,000; Cosmo
Bio, Tokyo) as the secondary antibody. Bound antibody
was detected using Immunoblot Western Chemilumi-
nescent HRP Substrate (Millipore, Tokyo). As a control,
rabbit polyclonal anti-g-actin (NT) (Cosmo Bio) was
used as the primary antibody (1:1,000). Protein expres-
sion in the testis was determined by immunohistochem-
istry. The sections used in ISH were hybridized with the
same primary antisera (1:500) used in Western blotting,
and the signals were detected using Histofine DAB
Substrate kit (Nichirei, Tokyo) following the manufac-
turer’s protocol.

We screened genes that were upregulated during
spermatogenesis using DD and focused on one candidate
gene, Sdccag8. The gene information on Sdccag8 was
deposited in a DNA database as the CCCAP coding gene
under accession no. NM_177929. Using Northern blot
analysis, we determined that Sdccag8 was expressed
at a low level in the 3-week-old rat testis and the levels
had increased at 7 weeks, and that level of expression
was maintained until 9 weeks (Fig. 1A). Expression
was specific to the testis. No expression was detected
in the other organs examined, including the colon
(Fig. 1B).

The protein expression level of SDCCAGS was
determined by Western blotting. Antisera were raised
by immunizing rabbits with two synthesized oligo-
peptides designed to a rat-specific region of the protein,
excluding the coiled-coil domain. We analyzed the
expression of SDCCAGS in the testis, ovary, and colon,
and detected a testis-specific band for SDCCAGS of
approximately 80kDa (Fig. 1C). Since the mouse
CCCAP protein is reported to be 83kDa in size,® we
concluded that the antisera raised from the two synthe-
sized oligo-peptides can be used to detect rat
SDCCAGS, and we used the antisera in a subsequent
immunohistochemical experiment.

Since the expression of Sdccag8 was specific to the
testis and increased during maturation, we determined
its expression in the testis using ISH on 8-week-old rat
testis sections. We observed the individual stages of the
seminiferous tubules. Gene expression was widespread
in the spermatocytes (Fig. 2).

Protein expression in the testis sections was deter-
mined by immunohistochemistry using the antisera that
were used for Western blotting. Signals were detected in
round, elongated spermatids, as well as in the sperma-
tocytes (Fig. 3), in agreement with the observations
from ISH. These results confirm that the SDCCAGS
translated in spermatocytes is stably maintained in
spermatids, and has specific functions during the meiotic
process and the subsequent morphological changes in
sperm cells.

SDCCAGS has been identified as CCCAP in mice
and humans. It contains a typical C-terminal coiled-coil
domain, and its molecular size in the mouse was
predicted to be 83kDa. Its C-terminal region is
identical to NY-CO-8, a colon cancer autoantigen.
CCCAP is a component of the centrosome and it can
homo-oligomerize. Expression of murine CCCAP and
of human NY-CO-8 has been reported to be low but
ubiquitous in organs examined, although relatively high
expression was observed in the human testis using an
NY-CO-8 probe in Northern blotting.5” In agreement
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C stages XlI-XIV

D sense riboprobe

Fig. 2. Cellular Localization of the Rat Sdccag8 Transcript in 8-Week-Old Rat Testis.

In situ hybridization of the Sdecag8 probe at various stages in S-um-thick sections of the seminiferous tubules of 8-week-old rat testis (A) to
(C), and a sense riboprobe as a negative control (D). The tubules were expected to be (A) stages VII to VIII, (B) stages IX to XI, and (C) stages
XII to XIV. Signals (purple) in the cytoplasm of the spermatocytes (arrows) can be observed. Cells were counterstained with methyl-green
(green). The scale bar represents 100 um.

A Stages ViI-Vill B stages IX-XI

C stages XII-XIlvV D Preimmune serum

Fig. 3. Cellular Localization of Rat SDCCAGS Protein in 8-Week-Old Rat Testis.
Immunohistochemistry using rat SDCCAGS antisera at various stages on S-um-thick sections of the seminiferous tubules of 8-week-old rat
testis (A) to (C), and using pre-immune serum as a negative control (D). Tubules were expected to be (A) stages VII to VIII, (B) stages IX to XI,
and (C) stages XII to XIV. Signals (brown) in the cytoplasm of the spermatocytes (arrows in B and C), and spermatids (arrow in A) can be

observed. The scale bar represents 100 um.

with this observation, we observed high, specific
expression of rat Sdccag8 in the maturing testis.
Hence, we predict a specific function of SDCCAG8
in the maturing rat testis, in addition to its centrosome-
associated function.

More than 100 cancer/testis (CT) antigen genes have
been identified.>!® Their expression is restricted to
normal adult testicular germ cells, and various types of
cancer cells. These candidates, including NY-CO-8,
have been analyzed using SEREX.” Gene expression is
regulated by the abundance of methylation in the
promoter sequences of the genes, including CT antigen,

such as mouse maelstrom') and human threonine
protease genes.!? In particular, the roles of CT antigens
in cancer cells and testicular germ cells remain largely
unknown. Nevertheless, CT antigens can be used not
only as a diagnostic tool in cancer treatment, but also as
promising target molecules in cancer immunotherapy.

The importance of the gene expression of Sdccag8 in
relation to meiosis and spermatid differentiation should
be determined in future work, since the finding that the
CT antigen gene has a role in the development of
spermatocytes and spermatids is novel.
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