bodies has been shown to be effective in
the blockage of cytotoxicity. This block-
age apparently occurs during the last
step of the immunological response as a
result of the fixation of cytotoxic anti-
bodies and paralysis of primed effector
cells. Currie and Basham (5) demon-
strated this blocking phenomenon in
vivo by showing an increase in cell medi-
ated cytotoxicity after tumor resection,
and by washing lymphocytes in vitro to
remove the attached tumor antigen or
antigen-antibody complexes, thus restor-
ing their cytotoxicity. Gentile and Flick-
inger (6) have demonstrated the presence
of circulating breast tumor antigens and
antibody complexes of this type in the
serums of breast cancer patients. Calafat
et al. (7) have shown that the redistribu-
tion and shedding of tumor antigens can
be induced by the fixation of antibodies,
and that this phenomenon results in an
antigen-denuded cell which is not recog-
nized by a second wave of effector
agents.

Our studies confirm the antlbody -in-
duced redistribution and shedding of cell
surface antigens, and show that this
mechanism is active in our breast tumor
system. The finding that after complete
shedding the antigen was not replaced
within 26 hours could indicate a basic
method of tumor survival, since the anti-
gen-denuded cell was viable and able to
replicate but was not recognized by sub-
sequent effector agents. Preliminary
studies in our laboratory indicate that the
speed and efficiency of antibody-induced
antigen shedding may be related to im-
munoglobulin type. It appears that anti-
bodies of the type that do not bind com-
plement are redistributed at a different
rate than complement-binding antibodies
and are more slowly shed.

These findings suggest that tumor suc-
cess or failure in the host is a complex
and dynamic series of events, and that
attention must be directed to tumor cell
defense mechanisms in concert with the
study of host defense mechanisms.
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Impaired Regulation of Alveolar Ventilation
and the Sudden Infant Death Syndrome

Abstract. Infants who subsequently died of sudden infant death syndrome mani-
fest alveolar hypoventilation during quiet sleep and abnormality of ventilatory re-
sponse to carbon dioxide breathing in comparison to normal infants.

Pathological evidence in infants dying
of sudden infant death syndrome (SIDS)
suggests that chronic hypoxia had been
experienced (/). Physiological data have
indicated prolonged sleep apnea (PSA)
(2). Aaron et al. have suggested that the
underlying mechanism might be abnor-
mal cardiac conduction—prolongation of
the repolarizing phase of cardiac electri-
cal activity (QT interval) (3). In the
course of conducting studies on infants
who experienced aborted SIDS, we have
obtained data on three who subsequently
died of SIDS. We now compare the re-
sults of studies of these infants to those
of normal controls. These studies were
approved by the Human Studies Com-
mittee of the Massachusetts General
Hospital. Written informed consent was
obtained from parents.

The patients were three infants (two
males) who were first seen at ages 7, 8,
and 36 weeks after having experienced
two, one, and multiple resuscitations, re-

Table 1. The corrected QT interval in 3 SIDS
infants compared with that in 46 normal in-
fants. Mean + standard deviation is presented
for the normal infants.

Subjects QT,
Patient 1 0.38
Patient 2 0.40
Patient 3 0.40
Normal infants 0.39 = .02

spectively. Chest radiographs, electro-
cardiograms, electroencephalograms, se-
rum electrolytes, sugar, calcium, phos-
phorus, magnesium, and amino acids
were normal.

The corrected QT interval (QT,) was
determined from the average of six ran-
domly selected electrical complexes in
standard lead II of electrocardiograms of
awake infants and compared to 46 nor-
mal control infants whose ages spanned
those of the study infants. The inter-
preter was unaware of the origin of each
recording.

Ventilation at rest during quiet sleep
and the ventilatory response to breathing
5 percent CQO, in air were measured in
each infant by the nasal pneumotacho-
graph technique (4) at least 1 week after
resuscitation. The results are compared
with those for 12 normal infants of simi-
lar age also studied during quiet sleep.

Death occurred at 12, 36, and 39
weeks, respectively, when resuscitative
efforts with bag and mask, initiated by
the parents at home in response to an
alarm from an electronic monitor, failed
to restore vital functions. Patient 1 had
experienced five and patients 2 and 3 had
each undergone more than ten resuscita-
tions prior to the final unsuccessful ef-
forts. Autopsies of two failed to reveal a
cause of death; an autopsy was not per-
mitted on the third.

The QT. interval was 0.39 seconds in

Table 2. Ventilation (Vi) and the response to CO, breathing in 3 SIDS infants and 12 normal

infants.
‘O/E H A‘Q/E/APCOz

Subjects (ml min—'kg™") P En(d t'dzi_ll ) (ml min—! kg~!

(BTPS) co, (MM-Eg mm-Hg™)
Patient 1 215 40 20
Patient 2 177 37 20
Patient 3 112 44 10
Controls 206.4 + 68.8 35119 63.1 = 19.1
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the three patients and 0.39 seconds in
normal infants (Table 1). Thus, there was
no evidence that an abnormal QT, inter-
val contributed to death of these pa-
tients.

End-tidal P,, reflecting the extent of
alveolar ventilation, was 40, 37, and 44
mm-Hg, respectively, compared with
35.1 = 1.9 in normal infants (Table 2).
The change in minute ventilation [BTPS
(5)] was corrected for body weight to
permit comparison. The response to CO,
breathing in each affected infant was less
than the mean minus 2 standard devia-
tions for normal infants.

Therefore, these three infants manifest
alveolar hypoventilation and impaired
regulation of ventilation. This finding is
similar to the physiological defect in two
infants with congenital alveolar hypo-
ventilation who exhibit no response to
CO, breathing, maintain normal ventila-
tion while awake, but require mechanical
ventilation to support life during sleep
(6). We have not defined the cause of ab-
normal ventilatory control in any of

these five patients. The data indicate that

impaired regulation of alveolar ventila-

tion rather than impaired cardiac con-

duction was the cause of death in the

three infants of the present study. Alveo-

lar hypoxia resulting from hypoventila-

tion could explain the pathological find-

ings described by Naeye in SIDS (/).
D. C. SHANNON
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Massachusetts General Hospital,

Boston 02114, and Department

of Pediatrics, Harvard Medical
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Goblet Cells in Embryonic Intestine: Accelerated

Differentiation in Culture

Abstract. If duodenal tissue from 14-day chick embryos is cultured in chemically
defined medium, more than twice as many goblet cells appear within 48 hours as in
intact embryos during the same time. The increase in goblet cell number is further
accelerated by 10~° molar thyroxine but is prevented by 10~° molar hydrocortisone.
The results suggest that differentiation of intestinal epithelium is regulated in part by

a circulating inhibitor.

During the third week of development
in ovo, the simple epithelium lining the
intestine of the chick embryo develops
the morphological and biochemical char-
acteristics required for function (I-4).
The greater part of the epithelium is
made up of absorptive cells, but a part
differentiates as mucus-producing goblet
cells. The latter, barely detectable at 14
days, increase in number and in mucus
content during the third week (2, 4). That
these changes are hormone-dependent is
indicated by the failure of goblet cells to
exceed the 17-day level in embryos de-
prived of the hypophysis by removal of
the forebrain at 33 hours of incubation
(2, 4). An increase in goblet cell number
in such embryos may be brought about
by grafts of the cephalic but not the
caudal part of the adenohypophysis (5).
Since the cephalic region is the only site
of adrenocorticotropin and thyrotropin
output (6), this result may imply that
these hormones influence goblet cell pro-
duction by inducing secretion of gluco-
corticoid, thyroxine, or both.
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The profound effects of early decapita-
tion on the growth and morphogenesis of
the intestine (2), however, suggest that
glucocorticoids or thyroxine may act on-
ly as part of a complex system affecting
growth and metabolism. This possibility
is supported by the fact that whereas
exogenous hydrocortisone accelerated
the increase of goblet cell number in in-
tact embryos (7), neither cortisone nor
thyroxine, alone or in combination,
tended to normalize epithelial differ-
entiation in decapitated embryos (2).
We therefore decided to examine goblet
cell differentiation and its hormonal con-
trol apart from the embryonic environ-
ment, by culturing intestinal tissue in a
chemically defined medium. Medium
199, which supports intestinal differen-
tiation (8), was utilized.

White Leghorn eggs of the Babcock
strain, obtained from Ken-Roy Hatch-
ery, Berger, Missouri, were kept in a
forced-draft incubator at 37.5°C. At 14
days, the duodenal loop was excised,
placed in sterile Ringer solution, and

freed from pancreatic tissue and mesen-
tery. The duodenum was then trans-
ferred to a petri dish containing culture
medium and cut in eight to ten segments
1 to 2 mm in length. Each segment was
split open, allowing it to curl into a tube
with the luminal surface outside. The
fragments obtained from a single duode-
num were divided between a control and
an experimental culture flask, giving ap-
proximately 5 mg of tissue per flask.

Each 25-ml flask contained 2.9 ml of
medium 199 (Grand Island Biological
Co.), 0.03 ml of penicillin-streptomycin
solution (50 unit/ml; Gibco), and 0.1 ml
of hormone solvent (control culture) or
of hormone solution (experimental cul-
ture). Thyroxine solutions were pre-
pared by dissolving 3,3',5,5'-tetraiodo-
DL-thyronine (Sigma) in sterile 0.01M
NaOH; hydrocortisone 21-sodium succi-
nate (Sigma) was dissolved in sterile 0.9
percent NaCl. Hormone concentrations
in the experimental culture flasks were
10-°M thyroxine (T4) or 1075M hydro-
cortisone (HC). After addition of the tis-
sue, the flasks were gassed with a mix-
ture of 95 percent O, and 5 percent CO,,
stoppered tightly, and incubated at 38°C.
The tissue maintained normal morpholo-
gy for 48 to 72 hours, as ascertained from
paraffin sections of the whole tissue and
from electron micrographs of the epithe-
lial cells.

To study the course of goblet cell dif-
ferentiation in vivo, duodena were col-
lected from embryos at 14 to 19 days of
development. Freshly excised duodena
were cut into segments and split open as
described above. To compensate for
possible regional differences in goblet
cell numbers, two pieces of each duode-
num, from proximal and distal ends,
were used. Collected tissue was fixed for
2 to 3 hours in Carnoy fixative, embed-
ded in paraffin, sectioned at 5 um at right
angles to the longitudinal axis, and
stained by the periodic acid-Schiff (PAS)
procedure.

Up to 17 days, only previllous ridges
or primordial villi (2) are present, with
true villi beginning to grow thereafter.
Goblet cells were counted on ridges (or
villi) that were sectioned perfectly from
tip to base. Counts were made on every
third section of a specimen until 100
suitable cross sections of ridges were
counted. Results were recorded as total
number of goblet cells per 100 ridge (or
villus) sections, and also as number con-
fined to the basal halves of the ridges or
villi.

Goblet cells increase in vivo from 10
per 100 ridge sections at 14 days to 236 at
18 days (Fig. 1) and 596 at 19 days. The
exponential nature of the rise suggests
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