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Summary. The presence in human erythro-
cvte stroma of a chromogenic substance giv-
ing absorption spectra (direct Ehrlich and
Bial reactions) identical with those of crys-
talline sialic acid has been confirmed. A po-
tent water-soluble inhibitor of viral hemag-
glutination, containing 7-119% by weight of
this chromogen, has been isolated by parti-
tion dialysis from concentrated human eryth-
rocyte stroma. 30-40% of the chromogen in
the crude stroma concentrate and up to 56%
of that in the purified inhibitor was rendered
dialyzable following treatment with concen-
trated infective influenza virus, which in most
instances also destroyed receptors for indi-
cator viruses. Limited chromatographic
analysis indicated that the dialyzable chro-
mogen is most probably sialic acid. These ob-
servations represent the first direct demon-
stration of split products resulting from en-
zymic action of influenza virus on human
erythrocyte components.
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Previous studies by Lyman and Fawecett
(1) have shown that the growth rate of
homologous tumor transplants in the hamster
cheek pouch was diminished when the animals

* This research was supported in part by a grant
from the American Cancer Society, and in part by
Air Force Contract 33(038)-18133.

t Present address: Sears Surgical Laboratory and
Fifth (Harvard) Surgical Service, Boston City Hos-
pital, 818 Harrison Avenue, Boston, Mass.

were induced to hibernate. The effect of the
low temperature of hibernation (5°C) on the
tissue of an animal which does not hibernate
has not been previously tested. Lyman and
Fawcett suggested that such a tissue might be
less resistant to cold since there are appar-
ently innate differences between the cellular
physiology of hibernating and non-hibernat-
ing mammals. With the recent development
of technics for transplanting human tumors
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to the cheek pouch of cortisone-treated ham-
sters(2,3) it has become possible to test the
response of human tissues under the condi-
tions of hibernation. During the past year
we have tested 5 transplantable human tu-
mors. Our results indicate that the growth
of this tissue from a homeothermic mammal
is markedly inhibited by hibernation, but that
the tumor survives after prolonged exposure
to these low temperatures. The possibility
that the growth rate of these heterologous tu-
mors might be slowed down sufficiently to pro-
vide a means of temporarily “storing” trans-
plantable human tumors was our primary rea-
son for carrying out this study.

Materials and methods. The tumors used
in this study had been transplanted through
many generations of hamsters over periods of
2 to 3 years(4), and with one exception were
first transplanted in this laboratory from
surgical specimens. The Pitt-41 strain was
originally obtained from an autopsy specimen
at the University of Pittsburgh.

Hamsters, 5 to 10 months of age, were kept
in a cold room at 5° = 2°C until they hiber-
nated (see Lyman(5) for details). Tumor
fragments one to 2 mg in size were then im-
planted in the submucosal space of each cheek
pouch by means of trocar injection. In some
animals a 50 mg pellet of cortisonet was im-
planted subcutaneously at this time, in others
2.5 mg of cortisone acetate suspension was in-
jected by the same route. The latter group
were given additional doses of 2.5 mg ap-
proximately twice a week according to re-
quirements previously worked out for differ-
ent tumor strains. The implantation technics
invariably awakened the hibernating animals,
but most of them soon returned to hiberna-
tion. The hamsters were checked daily there-
after and a light sprinkling of sawdust was
dusted on the backs of the hibernating ani-
mals. If the sawdust were absent the next
day, but the animal in hibernation, it was as-
sumed that the animal had awakened and re-
turned to hibernation. In calculating the total
days in hibernation, such an animal was ar-
bitrarily considered to have hibernated one-

t “Cortagen”, furnished to us through the courtesy
of the Schering Corp.

half a day. Tumors were inspected at inter-
vals but no attempt was made to construct
growth curves, since the usual pattern of
growth at room temperature is quite predic-
table and our interest lay in the delay of
growth during hibernation.

The hamsters were kept in the cold for 4 to
6 weeks and then moved to the warm room
(23°C) where observations were continued
until the tumors had either grown to the usual
upper limits in size or obviously regressed.
The animals were then sacrificed and the his-
tology of all growing tumors confirmed by bi-
opsy. A few transplants were made from
these tumors to demonstrate that further pro-
pagation was feasible.

Results. The tumor strains tested will nor-
mally grow in at least three-fourths of the
animals to nodules weighing 100 to 1000 mg
(0.5 cm to 1.5 cm diameter). The growth
period is 3 to 8 weeks; regression invariably
occurs thereafter and metastases are not seen.
The usual growth and the effect of hiberna-
tion upon it are reported below for each of
the 5 strains.

(a) Deac—1 (Epidermoid carcinoma of
the parotid gland). This tumor ordinarily
grows to a diameter of 0.4 to 0.8 cm in 18 to
24 days and regresses completely in 30 to 42
days. In 2 test animals which hibernated
more than 50% of the time, tumors grew only
to 0.1 to 0.3 cm during a 4-week period in the
cold. After 4 additional weeks at 23°C these
animals had healthy tumors 0.42 to 0.73 cm
in diameter.

(b) Deac—3 (Embryonal carcinoma of
the testis). This ordinarily grows to a diame-
ter of 0.8 to 1.2 cm in 21 to 28 days and be-
gins to regress a few days later. Four test
animals hibernated 49 to 74% of the 5 weeks,
during which time no tumor grew beyond 0.25
cm in diameter although all were obviously
vascularized. After the subsequent 3 weeks
in the warm room, half of the tumors grew
to average size.

(¢) Deac—6 (Adenoacanthoma of the en-
dometrium). This tumor reaches a diameter
of 0.5 to 0.7 cm in 4 to 6 weeks with degener-
ation occurring soon thereafter. Typical nor-
mal growth to 0.45 cm in diameter was ob-
served in one animal which hibernated only 2
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days of the 5 weeks in the cold. Three other
animals hibernated 64 to 76% of the 5 week
period. The largest tumor at the end of this
time was only 0.2 ¢cm in diameter, but during
the subsequent 3 weeks in the warm room all
grew to the usual size.

(d) Deac—8 (Adenocarcinoma of the en-
dometrium). The usual period of growth for
this tumor is 5 to 7 weeks with the tumor
averaging 0.5 to 0.9 cm in diameter at the
end of this period. The 4 test animals hiber-
nated 43 to 72% of the 5 week period and no
growth was apparent during this time. nor did
growth occur during the ensuing 3 weeks in
the warm room. The reason for this failure
is not known. It is possible that this particu-
lar tumor tissue cannot tolerate such an ex-
posure to cold. but more likely that it failed
because of all our tumors it is one of the most
slowly growing and difficult to maintain.

(e) Pitt—41 (Undifferentiated carcinoma
of thyroid origin). The average period of
growth is 14 to 21 days. with tumors reaching
0.9 to 1.5 cm in diameter. Five test animals
hibernated 60 to 74% of the 5 weeks. Tumor
growth was markedly delayed. with diameters
averaging only 0.4 cm at the end of this pe-
riod. Further transplants made from these
tumors at this time grew successfully at the
normal rate.

Discussion. Previous studies have shown
that certain tissues from mammals which hi-
bernate continue overt function at much lower
temperatures than do similar tissues from
non-hibernators(6,7). For example, an action
potential can be elicited from the tibial nerve
of the hamster i vifro at an average tempera-
ture of 3.4°C, while the same nerve in the rat
ceases to function at about 9°C. This char-
acteristic appears to be an innate difference
of the animals in question. for there is no evi-
dence that the ventral caudal nerve of the rat
adapts to either high or low temperatures(8).
Furthermore, it has been known for some
time that mammals which hibernate can sur-
vive chilling to much lower temperatures than
can non-hibernating mammals(9). Thus the
hamster will recover from a deep body tem-
perature of 3.8°C(10) while 18°C seems to
be about the minimum temperature which the
human can tolerate(11).

Although no quantitative comparison may
be made with such a small sample. the heter-
ologous tumors investigated in this study ap-
peared to be less viable during hibernation
than were the homologous tumaors tested previ-
ously (1). However, most of the human tumors
remained alive for many days in the cheek
pouches of hibernating hamsters whose body
temperatures are known to be less than 1°C
above the environmental temperature of 5°C
(12). TUnless the host in some way changes
the temperature tolerance of the implant, it
would appear that human tumor tissue will
survive well below the temperature where hu-
man tissue ceases all observable function.

As a means for ‘“cold storage™ of human
tumor tissue, this technic is probably feasible.
Rapidly growing strains which ordinarily re-
quire transplantation every 10 to 14 days
could be transplanted only a third as often in
animals maintained in the cold room. How-
ever. tumor storage in the frozen state is pos-
sible with many animal tumors and may prove
more suitable for human material. Haem-
merli and Toolan(13) have reported success
in freezing a number of human transplantable
strains for periods up to 6 months. We are
investigating this problem at present and have
had similar results.

Summary. Four human transplantable tu-
mors have been grown in hibernating ham-
sters. One human tumor strain failed to
grow. During hibernation tumor growth was
markedly inhibited, but resumed its normal
rate when animals were returned to warm
room temperatures.
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It has been shown that the diurnal varia-
tion of the plasma iron level is less evident in
aplastic anemia, pernicious anemia in relapse,
and in iron-deficiency anemia, and that full
treatment of the 2 last conditions restores a
normal diurnal variation. The diurnal varia-
tion was also found to be diminished and the
plasma iron levels low in various conditions
associated with increased erythropoiesis; poly-
cythemia vera. congenital hemolytic anemia,
nocturnal hemoglobinuria, pernicious anemia
at the height of the reticulocyte response,
iron-deficiency anemia treated with a limited
quantity of iron(1) and in sickle-cell anemia
(2). In similar conditions of increased
erythropoietic activity, Huff ef al.(3) found
an increased plasma iron turnover. Under
these circumstances the plasma iron level is
low and remains relatively constant through-
out the 24 hours. There is little or no rise
in the level during sleep, possibly because
the bone marrow is actively taking up iron
during sleep. If this postulate be true it is
reasonable to infer that the normal diurnal
variation is brought about by diminished bone
marrow activity during sleep and hence an
increasing plasma iron level. In this respect
it was especially interesting to find that the
plasma iron level remained low throughout
the 24 hours in the 2 patients with paroxvs-
mal nocturnal hemoglobinuria, the hemolytic
process in each case being compensated by
increased erythropoietic activity.

Laurell(4) on the other hand noted the
similarity between the diurnal plasma iron
and bilirubin levels and explained both on the
assumption that rate of destruction of hemo-
globin is slightly greater during the night than

during the day. It therefore seemed impor-
tant to determine the fate of radioactive iron
injected into the plasma by day and by night.

Method. The method adopted was similar
to that of Wasserman et al.(5) except that
the radioactive iron was converted to sidero-
philin by addition to the individual’s plasma
in vitro(6) and not by addition to Fraction
IV-7 protein. Radioactive iron ("*Fe), in the
form of ferric chloride, was neutralized with
sterile NaOH and added to the plasma which
was then allowed to stand for several hours
before injection into the blood stream. After
injection of radioactive iron, blood samples
were collected by means of an in-dwelling
needle in an antecubital vein and the subjects
(except Subject 1) slept comfortably during
the night experiments. Observations were
made by day and by night (within a 24-hour
period) on 3 normal individuals, one patient
suffering from iron deficiency anemia and one
from sickle-cell anemia. Diurnal plasma iron
levels were determined by methods described
previously (7).

Values for plasma iron turnover and the
fraction of radio-iron removed per hour were
calculated as in the paper by Huff et al.(3).

Results. For the 3 normal individuals TV,
by day was found to be 96, 101 and 88 min-
utes and T4 by night 128, 126 and 126 min-
utes, respectively. The time-courses for Sub-
ject No. 3 are shown graphically in Fig. 1.
In the patient with iron-deficiency anemia the
clearance rates were almost identical by day
and by night. Only one curve could be fitted,
and TY% by day and by night was found to
be 56 minutes (Fig. 2). In the patient with
sickle-cell anemia the clearance rates were



