vided the blood meals for the Fort Wash-
ington mosquitoes rule out the possi-
bility that this chicken served as a virus
source but similarly document the failure
of infected mosquitoes to transmit virus
by this feeding. The chicken used for
feeding the Fort Mifflin mosquitoes died
during exposure to the insects. The fact
that both of the 1977 isolates came from
mosquitoes which had been held in the
insectary for at least 15 days may be sig-
nificant.

There are two possible explanations
for the presence of virus in these mos-
quitoes. One is that they became infect-
ed through transovarial transmission,
even though work by Chamberlain et al.
(3) fails to support this theory; the other
is that these females took viremic blood
meals prior to hibernation. Since the fea-
sibility of the latter occurring has been
demonstrated (8), we consider this to be
the most likely explanation. In spite of
several demonstrations of transovarial
transmission of arboviruses by mos-
quitoes, all have involved bunyaviruses
of the California encephalitis group and
mosquitoes which overwinter in the egg
stage; research by Tesh and Gubler (14)
suggests that the phenomenon may be
restricted to this combination. Our data
support an overwintering mechanism in
which female C. pipiens that are dia-
pause-conditioned (that is, exposed to
short day lengths and cool temperatures)
take a viremic blood meal, overwinter,
and emerge infected. Whether or not
such overwintering mosquitoes can in-
troduce SLE virus to the summer cycle
upon emergence remains to be demon-
strated.
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Erythroid Progenitors Circulating in the Blood of

Adult Individuals Produce Fetal Hemoglobin in Culture

Abstract. Erythroid colonies, raised from erythroid stem cells circulating in the
peripheral blood of normal adult individuals, synthesize considerable amounts of
fetal hemoglobin. In cultures from persons with sickling disorders, amounts of hemo-
globin F that are known to inhibit sickling in vivo are produced. The results provide
evidence that primitive erythroid progenitors are able to express the hemoglobin F
production program and that cultures of mononuclear cells of the adult blood can be
used to investigate the mechanisms involved in regulation of vy-globin gene

switching.

We report that the erythroid pro-
genitor cells found in the circulation of
the normal adult individuals produce, in
vitro, erythroid colonies that synthesize
considerable amounts of fetal hemoglo-
bin. These circulating erythroid pro-

genitors are considered to be relatively
primitive committed erythroid stem cells
with proliferative potentials of the eryth-
roid stem-cell class operationally defined
as burst-forming unit erythroid (BFUe)
(1). They are capable of producing clus-

Fig. 1. Carboxymethyl-
cellulose chromatogra-
phy of globin chains
from the hemoglobins
produced by the cells of
a subject with sickle
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Table 1. Globin-chain synthesis in plasma-clot cultures derived from circulating BFUe’s.

Sub- Hemo- 7y chain Platinig Globin synthesis in

ject globin synthesis offi- culture (10° count/min)f chz.in
num- geno- in vivo . *
ber type (%0)* ciencyt a B Y %)
183 A/A <1 88 122.5 92.9 18.3 16.5
186 A/A <1 256 210.7 163.0 33.8 17.1
188 A/A <1 108 44.0 36.4 7.8 17.6
194 A/A <1 144 17.6 18.6 2.8 13.0
198 A/A <1 146 26.7 28.0 3.1 9.9
126 S/S 1.7 276 14.8 9.8 4.1 29.5
173 S/B-thal 4.6 270 158.8 74.1 38.7 34.3
193 S/S 1.9 322 61.7 88.0 323 26.8

*As percentage of non-a chain.

tColonies per 10° inoculated cells (9).

{Total [**S]methionine counts

were adjusted for the presence of two methionyl residues in each « and y chain and one each in 8 chain.

ters of subcolonies or erythroid bursts in
vitro, each of which originates from a
single BFUe (2). The ability of these
cells to direct fetal hemoglobin produc-
tion was detected by quantifying the ra-
dioactive y chains of fetal hemoglobin
(Hb F: ayy,) and B chains of adult hemo-
globin (Hb A: «,8,) that were synthe-
sized in culture.

Erythroid cultures were initiated with
the mononuclear cells separated with Fi-
coll-Hypaque from blood samples (100
ml each). After incubation in tissue-cul-
ture medium for 1 hour at 37°C, the non-
adherent cells were collected, adjusted
to a concentration of 10 nucleated cells
per milliliter, mixed with the medium (3)
containing 2.0 1.U. (international units)
of erythropoietin per milliliter @), and
plated in tissue culture dishes. Cell
growth was monitored by daily observa-
tions of developing erythroid clones un-
der the inverted microscope. On days 11
or 12, 30 to 50 uCi of [*S]methionine
were added to each dish, and, 24 hours
later, erythroid colonies were collected
and lysed (5). Carrier [*H]methionine-la-
beled hemoglobins F and A were added,
and the fresh lysates were applied to
Sephadex G-100 columns equilibrated
and subsequently developed with 0.05M
tris-HC1 buffer, pH 7.4. The globin
chains of the hemoglobins purified by gel
filtration were separated on carboxy-
methylcellulose columns, and the rela-
tive proportions of y, 8, and a chains
eluted from the columns were calculated
after their ®*S radioactivities were mea-
sured and corrected for methionine con-
tent and contamination (6).

The proportion of [**S]methionine in-
corporated into the globin chains pro-
duced by the circulating reticulocytes
and the erythroid clones raised from cir-
culating BFUe’s is shown in Fig. 1 and
Table 1. No synthesis of y chain was de-
tected in reticulocytes from five normal
subjects after short-term incubation with
[®*S]methionine, indicating that only
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traces of Hb F were synthesized in vivo;
the BFUe cultures produced an average
of 14.8 percent y chains. Although the
biosynthetically determined levels of
Hb F constituted less than 2 percent of
the hemoglobin synthesized in reticulo-
cytes from the two Hb S homozygotes
and only 4.6 percent of the hemoglobin
synthesized in reticulocytes from a sub-
ject heterozygous for Hb S and a 8-thal-
assemia gene (sickle cell/-thalassemia).
an average of 30.2 percent Hb F was
produced in BFUe cultures, an amount
known to protect the sickle cell patients
from the pathophysiological conse-
quences of sickling in vivo (7).

The mechanisms involved in the main-
tenance of Hb F during intrauterine life
and in the transition to adult hemoglobin
formation after birth remain unknown.
Previous observations (2, 8) of Hb F
synthesis in cultures of bone marrow
cells, have suggested (i) that Hb F syn-
thesis in culture is clonal, indicating that
differences in commitment to Hb F pro-
duction exist among erythroid pro-
genitors, and (ii) that cells mainly re-
sponsible for the formation of clones dis-
playing Hb F synthesis have the
erythropoietin dependence and growth
characteristics of the primitive pro-
genitors defined as BFUe’s. These ob-
servations led us to propose that ex-
pression of the y gene is dependent on
erythroid stem-cell differentiation and is
a characteristic of less mature erythroid
stem cells (2). Our data provide further
support to our hypothesis, for they show
a consistent activation of Hb F forma-
tion in erythroid cultures that are of pure
BFUe origin. Expression of the Hb F
production program thus appears to be a
property of cells derived from primitive
erythroid progenitors; this property ap-
parently is lost when the erythroid pro-
genitors of the adult individual further
differentiate in vivo.

The delineation of the mechanism of
Hb F regulation has been hampered by

the fact that Hb F appears in only a few
large animals during a restricted stage of
development. Our findings suggest that
the cellular and molecular mechanisms
that regulate the expression of hemoglo-
bin genes might be investigated in vitro
with the use of easily accessible cells,
that is, the erythroid cell progenitors cir-
culating in human peripheral blood.
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B. NakaMoTo
J. BUCKLEY, S. KURACHI
P.E.NUTE, G. STAMATOYANNOPOULOS
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