
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 1-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 (1, 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- 
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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 (4). 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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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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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. 
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have proliferative capacity (5), but there 
is no information on the cellular origin of 
the human alveolar macrophage. 

We studied a series of patients who 
had received bone marrow grafts from 
HLA matched sibling donors of opposite 
sex. Lung macrophages were examined 
at intervals after transplantation when 
the patients underwent lung biopsy or fi- 
beroptic bronchoscopy during diagnostic 
evaluation of interstitial pneumonia, a 
common complication of allogeneic bone 
marrow transplantation in man (6). In 21 
cases we obtained touch preparations of 
the biopsy material, and in two cases 
cells were retrieved for study by 
bronchopulmonary lavage performed 
through the fiberoptic bronchoscope. 
The cells were placed on slides, fixed in 
methanol, and stained for 15 minutes in a 
0.5 percent solution of acranil dissolved 
in buffer, rinsed four times in buffer, and 
then mounted in buffer and sealed (7). 
They were then viewed with a Zeiss Pho- 
toscope II, equipped with an epi-illumina- 
tion head, HBO 200/4 burner. FITC fil- 
ter, and a 500 reflector; the barrier filter 
was set at 50. When possible, 100 mor- 
phologically typical macrophages were 
viewed for the presence or absence of a 
Y body. The pulmonary macrophages 
were identified in the fluorescence prepa- 
rations and confirmed by switching to 
phase contrast (Fig. 1). The Y body was 
readily visualized in male macrophages. 
Cytogenetic studies were performed on 
donors and recipients prior to trans- 
plantation to exclude chromosomal 
anomalies. 

Table 1 shows the results of the study. 
In four cases the patient and the donor 
were both female. The percentage of 
macrophages with an apparent Y body 
ranged from I to 4. In four cases, donor 
and recipient were both male, and the 
percentage of macrophages with Y bod- 
ies ranged from 83 to 92. Seven observa- 
tions were made in the five cases where 
the donor was male and the recipient fe- 
male. In four of these cases there were 
many macrophages with a Y body, and in 
the two observed at different time inter- 
vals after marrow grafting there was an 
increase in the percentage of macro- 
phages with a Y body at the second ex- 
amination. One patient (case 514) who 
did not show a significant increase in per- 
centage of macrophages with a Y body 
had rejected her marrow graft approxi- 
mately 40 days after transplantation. 
Thirteen observations were made in ten 
patients of male sex whose donor was fe- 
male. The results are depicted graph- 
ically in Fig. 2. The disappearance of 
macrophages with a Y body is roughly 
linear and indicates a life-span, under 
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Table 1. Percentage of alveolar macrophages with Y bodies in 22 cases of human marrow graft re- 
cipients. Patients with leukemia were prepared for engraftment by the administration of cy- 
clophosophamide, 60 mg/kg, on each of 2 days, followed 3 days later by 1000 rads midpoint tissue 
dose of total body irradiation from opposing 60Co sources. Patients with aplastic anemia were 
prepared for engraftment by the administration of cyclophosphamide, 50 mg/kg, each of 4 days. 
Day 0 is the day of marrow transplantation. Abbreviations: AML, acute myeloblastic leukemia; 
ALL, acute lymphoblastic leukemia; AA, aplastic anemia; L, lymphoma; CY, cyclophos- 
phamide; TBI, total body irradiation. 

Day of Percentage 

Patient Patient Donor Dis- Preparation study of macro- 
number sex sex ease for grafting post phages 

graft- with 
ing Y body 

516 F F AML CY-TBI 44 4 
504 F F AML CY-TBI 46 2 
506 F F ALL CY-TBI 57 1 
518 F F AA CY x 4 109 4 
532 M M AML CY-TBI 35 91 
505 M M AML CY-TBI 53 92 
513 M M ALL CY-TBI 71 86 
392 M M AML CY-TBI 77 83 
383 M F AML CY-TBI 10 99 

35 70 
530 M F ALL CY-TBI 16 82 
523 M F L CY-TBI 36 69 
535 M F AML CY-TBI 36 84 
528 M F ALL CY-TBI 41 72 

72 30 
396 M F AML CY-TBI 54 29 
393 M F AML CY-TBI 59 21 

66 5 
UCLA-1* M F AA CY x 4 231 0 

500 M F ALL CY-TBI 79 1 
377 M F ALL CY-TBI 186 5 
519 F M ALL CY-TBI 50 34 

66 48 
384 F M AML CY-TBI 51 45 

174 84 
529 F M AA CY x 4 58 28 

UCLA-2* F M AA CY x 4 60 50 
514 F M AA CY x 4 70 5 

*Sample obtained by bronchoscope; all other samples obtained by biopsy. 

these conditions, of approximately 81 
days. 

These studies indicate that lung macro- 
phages are repopulated with donor-de- 
rived cells after allogeneic marrow trans- 
plantation in man. Repopulation oc- 
curred whether the patients were 
conditioned with cyclophosphamide or 
total body irradiation. Since chem- 
otherapy should not be lethal to the lung 
macrophages (8), repopulation probably 
does not depend on the elimination of 
host cells. One thousand rads total body 
irradiation does not kill the lung macro- 
phages but probably prevents their repli- 
cation. The time curves of repopulation 
suggest that under the circumstances as- 
sociated with transplantation the host 
Inacrophages are largely replaced in less 
than 100 days. This may relate in part to 
inflammatory processes in the lungs of 
some of the patients and may not reflect 
the life-span of the alveolar macrophages 
in the normal situation. Similarly, the ki- 
netics of repopulation after trans- 
plantation probably cannot be related to 
the kinetics of lung macrophage replace- 
ment in normal man. 

These observations indicate that the 
human alveolar macrophage population 
may be derived from marrow precursors. 
However, since the human alveolar 
macrophage has proliferative capacity, 
this population probably can survive for 
long periods if not indefinitely without 
depending on an influx of cells from the 
bone marrow. The present data provide 
direct evidence for a bone marrow deri- 
vation of the human alveolar macro- 
phage and suggest that allogeneic trans- 
plantation in man may result in repopula- 
tion of large segments of the mononu- 
clear phagocyte system. 
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in the brains of experimental animals 
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and self-mutilation (3): and Lesch-Ny- 
han patients show peripheral changes in 

noradrenergic functioning (4). Our find- 

ing that monoamine oxidase (MAO; E.C. 

1.4.3.4) activity is reduced in cells lack- 

ing HPRT activity could account for al- 
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Table 1. Catecholamine metabolism in neuroblastoma lines with and without HPRT activity. The HPRT activities were measured in two differ- 
ent cultures of each line; 100 percent corresponds to 32 to 161 pmoie/min per milligram of protein (12). Tyrosine hydroxylase (TH) and MAO 
activities (13) are expressed as the means (picomoles per minute per milligram of protein) ? standard mean error (S.E.): The numbers in parenthe- 
ses refer to the number of separate homogenates tested; each homogenate was assayed in duplicate; only duplicates varying by < 20 percent were 
averaged and used here. Chromatographic identification of the metabolic products of [:H]dopamine (15) are expressed as the percentage of radio- 
activity recovered from strips which comigrated with authentic standards; values are expressed as the means ? S.E., averaged from two separate 
experiments. Abbreviations: DA, dopamine; NE, norepinephrine; and MT, 3-methoxytyramine. 

[:'H]Dopamine metabolism, radioactivity migrating as: 

Cell line HPRT MAO TH DOPAC NE MT DA 
( %) (%) (%) (%) (%) 

Noradrenergic 
NIE-115 100 103 ? 9 (5) 59 ? 7 (6) 9 ? 2 24 ? 1 4 ? 1 56 ? 1 
NIE-115TGI < 1 3.3 ? 2.8 (3) 64 + 37 (4) 0 12 ? 2 9 ?1 71 + 4 
NIE-115TG2 < 1 4.9 ? 3.3 (3) 48 ? 10(3) 0 22 ? 9 7 + 1 56 ? 8 
NIE-I 15TG3 < 1 0.8 ? 0.5 (3) 21 2 (4) 0 19 + 6 7 ? 2 67 ? 8 
NIE-115TG4 < I 1.3 + 0.6 (3) 50 ? 7(2) 0 22 ? 3 7 + 3 61 ? 2 
NIE-II 15TG5 < 1.1 ? 0.5 (3) 24 ? 2 (3) 0 20 + 4 6 ? 1 67 + 3 
NIE-I 15TG6 < 1.0 ? 0.5 (3) 29 ? 12 (5) 0 30 + 8 7 ? 1 58 + 9 
NIE-115TG7 < I 0.02 ? 0.01 (2) 40 ? 10(4) 0 21 ? 5 6 ? 1 66 ? 8 
N1IE-115TG8 1 1.9 ? 1.1 (3) 17 ? 5 (4) 0 26 ? 3 3 + 1 63 + 4 

Cholinergic 
NS-20 100 132 ? 16 (4) 8 ? 3 (2) 8 I 1 8 ?1 4 ? 1 67 ? 2 
NS-20TG7B < 1 133 ? 18 (4) 15 ? 8 (2) 6 ? 2 10 I I ? 1 78 ? I 
NS-20TGIIE < 1 85 ? 15 (4) 5 ? 3 (2) 10 ? 1 5 ? I I ? 1 81 + 2 

"Inactive" 
N-18 100 138 ? 20 (4) 9 ? 2 (3) 47 ? 6 4 ? 1 5 ? 2 35 ? 3 
N-18TG2 < I 75 ? 6 (5) 9 ? 4 (4) 42 + 9 2 ? 9 ? 1 41 ? 6 
N-4 100 112 ? 5 (2) 10 ? 8(2) 31 + I 0 8 ?1 50 ? 2 
N-4TGI < I1 136 ? 27 (4) 6 ? 3 (3) 32 ? 5 0 10 ? 3 45 ? 6 
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Monoamine Oxidase Activity Decreased in Cells Lacking 

Hypoxanthine Phosphoribosyltransferase Activity 

Abstract. iThe Lesch-NYvhan syndrome in hum i tns is hara(cteriz ed by lack o/lhypo- 
.vattltine plio.splioribosyltransf/era.sce actitvitv and neulrologic (tabnormallities tlhat stug- 
gest c(letalgC.s in c'atec'holaltine metabolism. Monoamine ox.idase, 'lwhic'h degrades 
biogentli(c a/liltes, lhas decrteased activ'itv in noradreneri,icin murine neuroblasltomta ell 
lilnes lackin,ig liypo.xantltine phlosploriho.syltranlstfe,rse acttivitlv t and in skin fibroblasts 
fromt patiettt.s iwith the Lesch-Nvhan syndrome. 
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