of bloodstain antigens for a period of
time following deposition. Thus, we rou-
tinely allowed stains to stand for 48
hours before analysis on the reasonable
assumption that most crimes of violence
are discovered and reported within that
period. Nevertheless, it was of interest
to obtain some tentative indication of an-
tigenic stability over longer periods. Ac-
cordingly, stains from three subjects (A,
E, and G) were allowed to stand for 16
days and analyzed as above. The major
findings were that as many as S of the 22
antigens were not resolved but individ-
ualization was still possible. In fact, in all
three comparisons the number of peaks
with nonoverlapping ranges was equal to
or greater than the number in com-
parisons of 48-hour stains.
Aside from our evaluation of CEID as
a means for individualization, we consid-
ered it of interest to examine the value of
the technique to distinguish female from
male bloodstains because the best avail-
able procedure, Y chromosome fluores-
cence, is reliable in only about 50 per-
cent of the cases (7). We found 8), as did
Clarke and Freeman in studies of fresh
serum (9), significant (Student’s 7-test)
sexual differences in the amounts of sev-
eral antigens. most notably «;-lipo-
protein (P < .02) and ceruloplasmin
(P < .01). These results suggest a seri-
ous consideration of CEID as a way to
judge the probability of a stain having
come from one sex or the other.
GEORGE H. SWEET
Department of Biological Sciences,
Wichita State University,
Wichita, Kansas 67208
JAMES W. ELVINS
Department of Administration of
Justice, Wichita State University
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Human Pancreatic Islets in Culture: Effects of Supplementing the

Medium with Homologous and Heterologous Serum

Abstract. Islets of Langerhans, isolated from the human fetal pancreas and cul-
tured in media supplemented with serums from human umbilical cord or adult do-
nors, remained intact, free-floating, and functional for 2 to 5 months. Substitution of
fetal calf serum for the human serum usually resulted in attachment of islets, mono- -
layer formation, and relatively early (3 weeks) functional arrest.

The ability to isolate pancreatic islets
of Langerhans and maintain them in cul-
ture in a functional state for extended pe-
riods of time should be useful for the in-
vestigation of their normal and abnormal
physiology. It would provide tissue for
eventual attempts at transplantation.
Here we report a technique that has al-
lowed intact islets from the human fetal

pancreas to remain functional for as long
as 150 days and. by varying the condition
of the culture medium. to produce func-
tional monolayers of islet cells.

There are many methods for the isola-
tion of islets and the preparation of func-
tional monolayers of endocrine cells of
the pancreas of rat. mouse. and guinea
pig. but the monolayers either undergo

Fig. 1. (a) Intermediate-power phase micrograph of a cluster of intact free-floating islets
isolated from the pancreas of a 12-week-old human fetus. The culture is 2 weeks old and has
been maintained in CMRL-1066 enriched with 10 percent human cord serum. Note the islet
capsule and the variety of islet size (x320). (b) Intermediate-power phase micrograph of an islet
from a 12-week-old human fetus; the islet was exposed for 24 hours to CMRL-1066 medium
supplemented with 10 percent fetal calf serum. The capsule of the centrally located attached
islet has disappeared and epithelioid granule-containing cells have fanned out to form a
monolayer. There are no contaminating fibroblasts (x320).
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Fig. 2. Media from replicate dishes containing intact free-floating islets were changed every 3
days and analyzed for immunoreactive insulin (/RI) content. Data from three different donors
(represented by different symbols) are summarized. Differences were significant (P < .01) at 13,
31, and 59 days. Glucagon content of the media was assayed at 7, 38. and 80 days. There was no
difference between cultures maintained in human cord serum (HCS) and fetal cord serum (FCS)
at 7 days. At 38 days, the mean glucagon content for the HCS replicates were 422. 760, and 347
pg/ml, and for the FCS replicates 33, 155. and 133 pg/ml. At 80 days all media that contained
insulin still had measurable glucagon.
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an unexplained disruption within 3 or 4
weeks after explantation or are over-
grown by fibroblastoid cells (1, 2). We
have adapted these methods for the isola-
tion and long-term culture of islets from
the human fetal pancreas. By changing
the serum used to supplement the com-
mercially prepared synthetic growth me-
dia, preparations of either intact floating
islets or of functional monolayers have
been obtained.

Pancreas from previable fetuses (9 to
20 weeks) delivered by hysterotomies ap-
proved by an accredited hospital com-
mittee were removed within 2 hours post-
mortem. The gland was suspended in
Hanks balanced salt solution (BSS) con-
taining 2.8 mM glucose and infiltrated
with the same solution to loosen the pa-
renchyma from the connective tissue.
Large ducts, blood vessels, and con-
nective tissue were dissected from the
pancreas, and the parenchyma was cut
into approximately 1-mm pieces. These
were dissociated with gentle stirring in a
solution of BSS containing collagenase
(10 mg/ml) (Worthington; CLS 1V) and
2.8 mM glucose at 37°C for 45 to 60
minutes. The dispersed pancreas, which
includes isolated islets, exocrine cells,
ductal epithelial cells, and fibroblasts,
was washed three times with BSS, then
explanted into a number of 100-mm
plastic petri dishes (Falcon) and sus-
pended in 15 ml of CMRL-1066 me-
dium (Gibco) supplemented with 2 mM
L-glutamine, penicillin (100 gunit/ml),
and streptomycin (60 wg/ml). This medi-
um was enriched with either (i) 10 per-
cent pooled human serum obtained from
umbilical cord (HCS), (ii) 10 percent
pooled human serum from adult donors
(HAS), (ii) 10 percent fetal calf serum
(Flow Laboratories) (FCS), or (iv) 10 per-
cent FCS for 48 hours, followed by 10
percent HCS. The cultures were main-
tained at 37°C in an atmosphere of 95 per-
cent air and 5 percent CO, with high hu-
midity. During the initial 48 hours after
explantation, the exocrine cells com-
pletely disappear and a variable number
of fibroblastoid cells become attached,
whereas the islets remain intact and free-
floating if maintained in media with
homologous serum.

The final number of intact islets avail-
able for subculturing varied from 100 to
2000 and was a function of a number of
factors such as the gestational age and
the condition of the fetus, the post-
mortem time that elapsed prior to remov-
al and dissociation of the pancreas, and
the conditions during the technique of
pancreatic dispersal and islet isolation.

In spite of the variability of islet size
(Fig. la), it is on the basis of initial islet
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Fig. 3. Four replicate dishes of intact floating
islets from a 14-week-old single donor were
established and maintained in culture with
CMRL-1066 and 10 percent HCS for 60 days.
The media were changed 16 hours prior to and
decanted at the beginning of the experiment.
Two replicates were fed with CMRL-1066 and
10 percent HCS (open bars) and two were fed
with CMRL-1066 plus 10 percent HCS and
10 mM theophylline (hatched bars). The media
were collected at the end of the first hour and
replaced with fresh media for an additional
hour and collected. Portions were assayed for
insulin (ZRI) (left panel) and glucagon (RG)
(right panel). Hormonal content was greater in
replicates treated with theophylline (P = .006
for insulin and < .001 for glucagon.

count that relatively equal numbers of
from 25 to 200 variably sized islets were
then distributed into each of four to eight
replicate cultures (60-mm plastic petri
dishes) by means of a dissecting micro-
scope and small-bore Pasteur pipet.
These subcultured replicates were now
almost completely free of other cellular
contamination.

The free-floating islets were fed twice
weekly with 8 ml of medium. At each
feeding, they were centrifuged (600 rev/
min for 5 minutes), and the supernatant
medium was carefully removed so that
the sedimented islets remained undis-
turbed. Portions of the medium were as-
sayed for insulin by means of ™I-la-
beled porcine insulin and an antiserum
against porcine insulin (3). Glucagon was
assayed with 30K antiserum (¢) and **%1-
labeled glucagon (5).

Pancreases from 32 fetal donors have
been cultured continuously in HCS, and
the islets of 29 of these pancreases failed
to attach to the dishes. They remained
morphologically intact (Fig. ~la) and
floated freely in the media. Nine of the
donors were 11 weeks or less in age
(< 70-mm crown-rump length), and in-
sulin was detected in the media from on-
ly two of these preparations. Insulin and
glucagon were identified in media from
all other donors and, in some replicates,
insulin secretion continued for as long as
150 days. Electron micrographs con-
firmed the presence of an islet capsule
and 8, o2, and «1(D) cells. The hormonal
content was greater in islets maintained
in HCS than in the replicate dishes main-

tained in FCS (Fig. 2). In cultures estab-
lished from three donors, supplementa-
tion of the medium with HCS was com-
pared to supplementation with HAS.
Hormonal content did not differ after 45
days in culture, and most of the islets cul-
tured continuously in HAS also failed to
attach to the dish and remained intact
and floating. During the extended culture
period there was a progressive loss of is-
let mass, but this decrease in the number
of islets appeared similar in all repli-
cates. This was reflected in the steady de-
crease of hormonal content assayed in
the media.

Islets from six donors were cultured in
medium supplemented with 10 percent
FCS. Most of the islets anchored to the
petri dish, their capsular integrity was
broken, and a monolayer of epithelioid
cells resulted (Fig. 1b). A few islets re-
mained intact and floating while a few an-
chored but did not form monolayers. In-
sulin and glucagon could be identified in
the media for 14 to 21 days. Usually after
21 days, peeling appeared at the periph-
ery, and the monolayers subsequently
broke apart into a single cell suspension.
Fibroblastoid overgrowth was rarely a
contributing cause to monolayer dis-
ruption.

Islet monolayers established from two
donors were cultured in medium con-
taining HCS after an initial 48 hours in
FCS to attach the islets. They secreted
more insulin into the medium than did
replicates maintained continuously in
FCS. At 2 days. mean insulin was as
follows: for FCS. 290 puunit/ml; for
HCS. 225 punit/ml; P, not significant. At
10 days, mean insulin was for FCS, 44
punit/ml; for HCS, 105 wpunit/ml; P,
< .05. At 14 days the mean insulin was
for FCS. 24 punit/ml, for HCS, 90 punit/
ml; P, < .05. At 21 days, peeling had oc-
curred in some replicates. There was no
difference in the content of glucagon in
the media at any of the times. Peeling of
the monolayers occurred in both groups
between 3 and 4 weeks.

Theophylline enhances the release of
insulin induced by glucose. To test the re-
sponsiveness of the islet cells, theo-
phylline was used in replicate dishes
from single pancreases. All replicates
were initially fed with fresh medium 16
hours before the experiment, and this
medium was decanted at the beginning of
the experiment. Then replicate dishes re-
ceived either control medium (CMRL
with 10 percent HCS) or control medium
supplemented with 10 mM theophylline,
and the hormonal content of the medium
was determined at the end of 1 and 2
hours. Data were analyzed by analysis of
variance. Floating intact islets in culture

1015



for 60 days secreted more insulin and
glucagon when theophylline (10 mM)
was present in the medium (Fig. 3). Like-
wise, attached islets with monolayer for-
mation  subjected to theophylline
(10 mM) after 10 days in culture secreted
more insulin in each of two I-hour
periods than those in control media.

It is customary to supplement nutrient
medium used for the culture of living
cells with serum that contains macromo-
lecular components. These components,
studied primarily in fibroblast cultures,
have been shown to affect attachment of
cells, cell stretching, DNA synthesis, mi-
tosis, and cell multiplication, RNA syn-
thesis, protein synthesis, and survival of
cells (6). Fractionation of fetal calf serum
has revealed the presence of fetuin and
other a-globulins that are important for
attachment and growth-promoting activi-
ty, as well as smaller molecular weight
components, such as nonsuppressible in-
sulin-like activity, multiplication activity,
epidermal growth factor, and the soma-
tomedins (/, 7). Fetal calf serum, chick
embryo extract, and rooster serum have
been used as sources of these com-
ponents in pancreatic endocrine cell cul-
ture systems (8).

The major advantage conferred by the
use of homologous serum is either its
ability to maintain the integrity of the is-
let capsule or to inhibit islet attachment.
The result is a preparation suitable both
for the relatively short-term maintenance
of islets prior to their transplantation,
and for the long-term maintenance of is-
lets for use in extended physiologic stud-
ies.

When newly isolated islets were ex-
posed to a medium that contained heter-
ologous serum (FCS), the majority of the
islets anchored rapidly, capsular integri-
ty was quickly interrupted, and the pro-
duction of endocrine cell monolayers fol-
lowed. Here again those monolayer repli-
cates maintained with HCS secreted
significantly more insulin, but not gluca-
gon, during the first 2 weeks in culture as
compared to the replicates maintained
with FCS, although this advantage dis-
appeared during the third week of cul-
ture. This suggests that a further favor-
able factor is present in homologous se-
rum. During the fourth week in culture,
the monolayers of both HCS and FCS
replicates disintegrate almost simulta-
neously. Nevertheless, the monolayer re-
mains a useful preparation for morpholo-
gic, histochemical, and immunoflu-
orescent studies.

H. GoLpmAN, E. CoLLE
MCcGill University-Montreal
Children’s Hospital Research Institute,
Montreal H3H 1P3, Quebec, Canada
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Direct Evidence for a Bone Marrow Origin of the

Alveolar Macrophage in Man

Abstract. Alveolar macrophages were obtained from 23 patients who had re-
ceived marrow transplants for hematologic disorders. The presence of a Y body in
macrophages of male origin was demonstrated by fluorescence microscopy. In those
patients with a marrow donor of opposite sex the alveolar macrophages were shown
to be of donor origin. The disappearance with time of host macrophages indicates a
life-span, under the conditions, of approximately 81 days.

Several studies of marrow trans-
plantation in rodents (/) and one in the
dog (2) have provided evidence that the
lung macrophages derive from a bone
marrow precursor. Other investigators,
however, indicate that mouse alveolar
macrophages may proliferate actively in

Fig. 1 (above). (A) Alveolar macrophage from
a female patient given male bone marrow ob-
served under phase contrast microscopy
(X540). (B) The same macrophage observed
under fluorescence microscopy. The Y body is
the bright round spot at 7 o’clock in the cell
nucleus (X540).

vitro (3) and organ culture studies sug-
gest that alveolar macrophages can be
produced in vitro from a cell in the inter-
stitium of the lung ). In man, pulmo-
nary macrophages exhibit a low but defi-
nite level of scheduled DNA synthetic ac-
tivity in vitro, suggesting that they also
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Fig. 2 (right). The dashed line M — M represents the average percentage of

macrophages with a Y body in male to male transplants, and the dashed line F — F, the average
in female to female transplants. The closed circles represent the percentage of macrophages with
a Y body in female to male transplants observed at various times after transplantation. The
sloping dashed line was calculated by the method of least squares.
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