
obtained under Rous LTR promoter con- 
trol and the unusual transformation com- 
petence of CV-1 cells. Levels of vector 
expression immediately after transfec- 
tion, perhaps reflecting the number of 
transcriptionally active templates, may 
determine the probability of a productive 
stable integration event occurring. Con- 
sistent with this hypothesis is the obser- 
vation that treatment of CV-1 cells with 
sodium butyrate immediately after trans- 
fection results in five- to tenfold in- 
creases in both transient expression (as- 
sayed with pSV2cat) and stable transfor- 
mation (assayed with pSV2gpt) (13). 

The proportion of CV-1 cells that tran- 
siently express exogenous vector DNA 
and then become stably transformed ap- 
pears to be high. In earlier experiments 
we used immunofluorescent labeling 
with CAT antibody to show that, with 
our standard DNA-mediated transfec- 
tion conditions, about 10 percent of CV- 
1 cells transiently express pRSVcat (4). 
Since at least 5 percent of CV-1 cells 
form colonies after transfection with 
pRSVgpt under the same conditions, 
more than half the cells that exhibit 
transient expression appear to become 
stably transformed. The number of inte- 
grated gpt copies in each of six individual 
clones examined varied between 1 and 
10 (data not shown). No evidence has 
been found suggesting that either 
pSV2gpt or pRSVgpt replicates as an 
episomal plasmid in these cells (4, 5). 

Although integration of plasmid DNA 
apparently occurs in the majority of CV- 
1 cells, our data do not necessarily imply 
that these cells are exceptionally profi- 
cient at integration of exogenous DNA. 
The overall transformation efficiency 
may reflect rather the relative stability of 
integrated copies. Supporting this idea is 
the finding that neither pSV2gpt- nor 
pRSVgpt- CV-1 colonies appear to seg- 
regate at high frequency as do many 
early mouse L cell herpes tk transform- 
ants (14). 

We did not investigate stable expres- 
sion of nonselected genes in this study; 
however, it has been shown that about 
25 percent of CV-1 clones isolated after 
cotransfection with unligated pSV2gpt 
and pSV2neo vectors express both 
markers (6). This cotransformation fre- 
quency, combined with the unusually 
high competence of CV-1 cells for DNA- 
mediated transfection, suggests that 
these cells should find application in 
screening genomic DNA or eukaryotic 
complementary DNA (cDNA) expres- 
sion vector libraries. 

Our results as well as our experience 
with additional cell lines indicate that, 
for each cell type, it is important both to 

select a vector with an appropriate pro- 
moter and selectable marker combina- 
tion and to optimize parameters for 
DNA-mediated transfection (for exam- 
ple, by using the CAT assay). With this 
approach, it should be possible to stably 
transform many continuous monolayer 
cell lines with efficiencies of (0.1 
percent) or higher.  oni immortalized 
"primary" cells appear to be less com- 
petent recipients for DNA-mediated 
gene transfer under conditions that we 
have examined so far. Nevertheless, we 
find that WI38 human embryo fibroblasts 
may be stably transformed with 
pRSVneo at a frequency of at least 
(15). 
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Expression of the Major Neurofilament Subunit in 
Chicken Erythrocytes 

Abstract. The 70,000-dalton core polypeptide of neurojilaments, thought to exist 
only in neurons, has been detected in chicken erythrocytes, where it coexists with 
vimentin and synemin as a component of the intermediate filament network. It is 
present in the circulating erythroid cells of embryos and young chickens but is 
nearly absent from the erythroid cells of adults. These findings are inconsistent with 
current models of intermediate filament expression, but provide another example of 
unexpected similarities between the nervous and hemopoietic systems. 

Intermediate filaments are linear poly- 
mers of polypeptides with subunit mo- 
lecular masses of 40 to 70 kilodaltons (40 
to 70K) and diameters of approximately 
10 nm. The filaments can be divided into 
five general classes, on the basis of sub- 
unit biochemistry, antigenicity, and cell 
type distribution: keratin filaments in 
most epithelia, neurofilaments in neu- 
rons, glial filaments in astrocytes, des- 
min filaments in muscle, and vimentin 
filaments in mesenchyme derivatives 

and in many undifferentiated cells and 
cultured cells [see (I) for a review]. 

Neurofilaments are composed of a 68 
to 70K polypeptide (NF70) (2) and two 
larger polypeptides in association with 
the core (3). This triplet of neurofilament 
polypeptides (4) is now thought to exist 
only in neurons, although a previous 
suggestion to the contrary (5) resulted 
from confusion of the 70K neurofilament 
subunit with the 68K "heat shock" pro- 
tein, which is found constitutively in 
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most cell types and copurifies in part 
with many different cellular components, 
including intermediate filaments (6, 7). 
Here we show conclusively that NF70 is 
also present in chicken erythrocytes, and 
that, in contrast to neurons, its erythroid 
expression diminishes as the chicken ap- 
proaches adulthood. 

Chicken erythrocytes have a cytoplas- 
mic network of intermediate filaments 
(8) composed predominantly of vimentin 
(9); these filaments exhibit a periodic, 
peripheral association of synemin (9, lo), 
a 230K polypeptide initially shown to be 
associated with desmin and vimentin fil- 
aments in muscle cells (11). In erythro- 
cytes, the periodicity of synemin along 
the core vimentin filament changes dur- 
ing development, decreasing from an av- 
erage of 230 nm in embryonic cells to 180 
nm in adult cells (10). An acidic, 70K 
polypeptide was found to copurify in 

minor amounts with vimentin and syne- 
min from chicken erythrocytes [figure 2a 
in (9)]; this polypeptide (E70) has an 
isoelectric point and electrophoretic mo- 
bility identical to those of NF70 from 
chicken nervous tissue (Fig. 1, a to c). 

To substantiate the tentative identifi- 
cation of E70 as the neurofilament poly- 
peptide, antibodies for NF70 from chick- 
en spinal cord were prepared in a rabbit. 
When assayed by immunoautoradiogra- 
phy (9, 12) on two-dimensional gels of 
either whole brain or a spinal cord neuro- 
filament fraction (Fig. lb), the antiserum 
specifically labels NF70 (Fig. Id). Pro- 
longed exposure of the autoradiogram 
reveals a few faintly labeled spots of 
lower molecular weight; these are pre- 
sumed to be proteolytic fragments of 
NF70 (9, 11, 13). Immunoautoradio- 
graphic analysis of chick erythrocyte in- 
termediate filaments or membrane frac- 

tions (Fig. lc) demonstrates specific 
antigenic cross-reactivity of the corre- 
sponding erythrocyte 70K polypeptide 
(E70) with this antiserum (Fig. le). Pre- 
sumptive proteolytic fragments are also 
evident on overexposure, with a pattern 
similar to that seen for NF70. Neither 
vimentin nor synemin is detectably la- 
beled with this antiserum. 

Identity of NF70 and E70 was con- 
firmed by two-dimensional chymotryptic 
peptide mapping. NF70 and E70 were 
excised from two-dimensional gels simi- 
lar to those in Fig. 1, b and c, iodine- 
labeled, digested with a-chymotrypsin, 
subjected to electrophoresis (left to 
right), and chromatographed (bottom to 
top) on thin-layer cellulose plates, and 
autoradiographed (14). The resulting io- 
dopeptide maps of NF70 and E70 are 
virtually identical (Fig. 1, f and g), indi- 
cating highly homologous if not identical 

Fig. 1. (a) Sodium dodecyl sulfate polyacrylamide gel (9, 28) of a crude neurofilament preparation from chick spinal cord (lane I), chick 
erythrocyte plasma membranes to which a portion of intermediate filament network is bound (lane 21, and a low-salt extract of these membranes, 
enriched for the intermediate filament proteins (9) (lane 3). Spinal cords from month-old chickens were homogenized in a glass Dounce 
homogenizer in a buffer of 5 mM Pipes, 5 mM EDTA, 1 mM NaN3, and 0.1 mM phenylmethylsulfonyl fluoride (PMSF) (pH 6.7 at 0°C) and 
centrifuged at 15,000g. The supernatant was made 100 mM in NaCl and 1 percent in Triton X-100 and then centrifuged at 270,000g through a 
cushion of the same solution containing 0.8M sucrose (lane I) .  A similar protein profile was generated by collecting the material at the sucrose in- 
terface, diluting it with the above solution, adding NaCl to 2M, and centrifuging at 250,000g (b). Intermediate filaments were released from 
erythrocyte plasma membranes (from 15-day-old chicks) by a slight modification of a previously described method (9). Isolated membranes were 
washed with a solution of 10 mM tris-HCI, 2 mM EDTA, and 100 mM NaCl @H 6.9 at 0°C) and then extracted with I mM ethanolamine at O°C. 
Two-dimensional gels (9, 29) of a neurofilament preparation (b) and erythrocyte membrane sample (c) similar to those in (a), and their 
corresponding immunoautoradiograms (d and e, respectively) demonstrating the reactivity of the antiserum to NF70. This antiserum was elicited 
with NF70 cut from polyacrylamide gels (as in a, lane 1) (11). Coomassie blue was removed from the gel slices with dimethyl sulfoxide (DMSO) 
before immunization. Only portions of the original two-dimensional gels are shown in (b and c) corresponding to polypeptides with isoelectric 
points between 4.3 (left) and 6.2 (right) and larger than about 30K. The NF70 and E70 peptides often do not focus discretely, but either streak in 
the first dimension or cofocus with vimentin or the 68K heat shock protein (H). Maps of iodine-labeled chymotryptic peptides of NF70 (0 and E70 
(g), showing identity. Mapping was performed according to Elder et al. (14). with the following modifications: Destained gel slices were freed of 
Coomassie blue with DMSO prior to iodination; iodination was quenched with 2 mM tyrosine, and gel slices were washed extensively with 1 mM 
tyrosine and 0.5M potassium iodide before digestion (the K1 washing eliminates background spots that result from iodine labeling of the 
chymotrypsin by residual labeled iodide in the gel slice). Abbreviations: NF205, NF170, and NF70 refer to the neurofilament "triplet" 
polypeptides; asterisks (*) are adjacent to the neuronal and erythroid subunits of spectrin; H, constitutive heat shock protein (6); T, a, and $ 
tubulin; G, glial filament polypeptide; A,  actin; M. a myelin polypeptide; S, synemin; E70, erythrocyte 70K polypeptide; and V, vimentin. Arrows 
point to corresponding positions of gels and autoradiograms. 
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primary structures of these two polypep- 
tides. 

Ultrastructural localization of E70 in 
chicken erythrocytes was accomplished 
be means of immunofluorescence and 
immunoelectron microscopy. Immuno- 
fluorescence microscopy reveals that 
E70 is a component of the intermediate 
filament network in these cells, with a 
fluorescence pattern similar to that seen 
with antibodies to vimentin and synemin 
(9). In most early definitive embryonic 
erythroid cells, as well as in many of the 
primitive series cells, individual interme- 
diate filaments can be discerned easily 
with this antiserum (Fig. 2b). Later in 
embryogenesis, and for several weeks 
after hatching, most of the cells still react 
with this antiserum, but individual fila- 
ments usually cannot be traced; the fluo- 
rescence is confined to the region of the 
intermediate filament network (lo), but 
usually appears diffuse rather than fila- 
mentous (Fig. 2d). In adults, most of the 
cells are negative for NF70, although a 
small percentage of cells exhibits diffuse 
fluorescence (Fig. 20; individual fila- 
ments can be seen in only a small subset 
of these cells. The Cweek average life- 
span of circulating erythrocytes (15) 
makes it unlikely that these positive cells 
are of embryonic origin. At all stages, 
there is a wide range of fluorescence 
intensities among the positive cells. 

Immunoelectron microscopy confirms 
the filamentous localization of E70 in 
erythrocytes. The antibodies specifically 
decorate (bind to the surface of) the 
intermediate filaments (Fig. 2g). This 
decoration is not thick and uniform, as 
seen with antiserum to vimentin (lo), nor 
regularly punctate, as with antiserum to 
synemin (10); rather, it appears irregular- 
ly punctate (Fig. 2g) when compared to 
the smooth profile of undecorated fila- 
ments (10). The amount of antibody 
bound per unit length of filament is vari- 
able among the different cells of a given 
population (compare Fig. 2, g and h), 
regardless of the age of the donor, al- 
though the amount of decoration appears 
relatively constant among filaments 
within a given cell; this is also evident by 
immunofluorescence (Fig. 2, b, d, and f). 
These observations suggest that the ratio 
of E70 and vimentin does not change 
appreciably within a given cell during 
the assembly of its intermediate filament 
network. The extent of decoration 
among cells of different ages correlates 
with the intensity of fluorescence as de- 
scribed above, being heaviest in embry- 
onic cells and scant or absent in adult 
cells. The serum from unimmunized ani- 
mals gives no decoration of the fila- 
ments. These labeling results are consist- 

ent with an observed age-related decline 
in the amount of E70, relative to vimen- 
tin, seen on polyacrylamide gels of 
erythrocyte membranes, intermediate 
filaments, and cytoskeletons; with a 
heavy loading of vimentin, E70 is promi- 
nent in samples from embryos and young 
chickens (Fig. 1) but is often undetect- 
able in samples from adults. 

Neither of the other two components 
of the neurofilament triplet (170K and 
205K in our gel system) (16) has been 
detected in chicken erythrocytes. Nei- 
ther polypeptide is apparent on gels of 
partially purified erythrocyte intermedi- 
ate filaments (Fig. la); a high-titer antise- 
rum against NF170, which has a slight 
cross-reactivity with NF205, does not 
detect antigen in various erythrocyte 
fractions as judged by immunoautoradi- 
ography, or binding by immunofluores- 
cence or immunoelectron microscopy. 
Thus E70 exists in erythrocytes without 
these high molecular weight polypep- 
tides with which it is usually associated 
in neurons. Similarly, no glial filament 
protein has been detected in erythroid 
cells with these same techniques (data 
not shown). 

Axonal staining is the salient feature of 
frozen sections of various tissues when 
examined by immunofluorescence with 

the NF70 antiserum, but the erythro- 
cytes throughout most of these sections 
are also clearly labeled when tissues 
from embryos and young chickens are 
examined (data not shown). However, 
the relative faintness of the erythrocytes 
compared to the axons, because of lower 
antigen density, may explain why NF70 
has not been detected in erythrocytes 
previously. 

The simplest interpretation of the anti- 
body decoration data is that vimentin 
and E70 randomly copolymerize into in- 
termediate filaments, and that modula- 
tion of the ratio of these two subunits in a 
given erythrocyte is a function of their 
differential synthesis. Evidence for co- 
polymerization of different types of in- 
termediate filament subunits has been 
accumulating for a variety of in vivo and 
in vitro systems (17-19), but it is not yet 
known how this assembly is regulated or 
if different subunits in heteropolymers 
exhibit any order. With regard to eryth- 
rocytes, the relative decline in the incor- 
poration of E70 during development may 
be responsible for the reduction in the 
linear periodicity of the association of 
synemin with the core filament (10); ad- 
dition of an E70 subunit to a vimentin 
polymer might lengthen the filament 
more than the addition of another vimen- 

Fig. 2. Corresponding phase-contrast (a, c,  and e) and fluorescence (b, d, and f) micrographs of 
cytoskeletons of circulating erythroid cells from an 8-day-old embryo (a and b), a 52-day-old 
chick (c and d), and an adult (13-month-old) chicken (e and 0; cells were attached to cationized 
glass cover slips (9), lysed in a physiological buffer containing Triton X-100, and processed for 
indirect immunofluorescence using rabbit antiserum to NF70 and fluorescein-conjugated goat 
antiserum to rabbit immunoglobulin G (9). Only the nuclei are apparent in these phase-contrast 
micrographs. Electron micrographs (g and h) of platinum replicas of sonicated erythrocytes (9, 
10) from a 19-day-old chick representing portions of cells that were near one another on the 
cover slip (and therefore processed identically); both were incubated with antiserum to NF70 
before fixation, resulting in the specific decoration of the intermediate filaments with antibod- 
ies. The greater degree of decoration of the cell in (g) reflects a greater antigen density (a higher 
ratio of E70 to vimentin) in this cell. Bars are 10 km for (a) to (0 and 500 nm for (g) and (h). 
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tin subunit, thereby increasing the dis- 
tance between successive synemin bind- 
ing sites. 

The transient expression of the neuro- 
filament polypeptide in erythrocytes is 
unlike the usual program of intermediate 
filament expression. Typically, in neu- 
rons, astrocytes, and muscle cells, vi- 
mentin is expressed initially but is large- 
ly or completely replaced during differ- 
entiation by NF70, glial filament protein, 
or desmin, respectively (16, 17, 20), ex- 
cept for some fetal ependymal cells in 
which glial filament protein is only tran- 
siently expressed (21). However, these 
cases are not strictly comparable to that 
of erythrocytes, since the neural, glial, 
and muscle changes involve the differ- 
entiation of individual cells rather than 
populations. Our results suggest that in- 
dividual erythroid cells do not modulate 
their ratios of vimentin to E70 dur- 
ing differentiation, but that this ratio 
changes as the cell population changes 
during development and growth of the 
organism, culminating in the virtual ab- 
sence of E70 from most cells in the adult. 
This is supported by the observations 
that phenylhydrazine-induced anemia in 
adult chickens does not result in circulat- 
ing erythroblasts with increased amounts 
of E70, and that bone marrow from ane- 
mic and normal adult chickens contains 
little erythroid E70, as assayed by immu- 
nofluorescence (data not shown). Prece- 
dents exist for this time course of expres- 
sion of avian erythroid components: A 
hemoglobin variant (22, 23) and certain 
cell surface antigens (24, 25) are present 
in embryos but disappear within a few 
months of hatching; furthermore, in- 
duced anemia does not result in their 
reappearance (23, 25). The observed 
range in the amount of E70 present in 
different cells from a given individual 
(regardless of age) suggests that synthe- 
sis of E70 may be influenced by hemo- 
poietic microenvironments or may be a 
function of stem cell heritage. 

The role of E70 in erythrocytes has not 
been discerned; it may modulate the 
structure or function of the vimentin- 
synemin filament network in these cells, 
or merely be an ontogenic vestige of 
gene expression. In the context of cur- 
rent concepts of intermediate filament 
expression, the existence of the neurofil- 
ament polypeptide in a nonneuronal cell 
type is surprising. Accumulating evi- 
dence that intermediate filament expres- 
sion cannot always be correlated with 
the histological classification or embry- 
onic derivation of cells indicates that, 
despite the general utility and validity of 
such a scheme, until the apparent excep- 
tions are more fully understood, interme- 

diate filament polypeptides may not al- lo.  B,_L_: Granger and E. Lazarides, Cell 30, 263 

ways be suitable markers or indicators of 
cell type or state of differentiation. 

Many unanticipated similarities be- 
tween the nervous and hemopoietic sys- 
tems have been described, such as an 
abundance of hemopoietic stem cells in 
the brain (26), common cell surface anti- 
gens, and responsiveness to neurohor- 
mones (27). Although the underlying rea- 
sons for these links remain elusive, the 
major neurofilament subunit can now be 
recognized as part of this phenomenon. 

BRUCE L. GRANGER 
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Division of Biology, California Institute 
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Potent Interaction Between Glucocorticoids and 
Growth Hormone-Releasing Factor in vivo 

Abstract. Administration of dexamethasone signiJicantly enhanced the pituitary 
growth hormone response to growth hormone-releasing factor in intact as well as 
adrenalectomized rats. Thus the inhibitory effects of glucocorticosteroids on somatic 
growth which involve an interaction of these steroids and growth hormone at a 
peripheral level may also involve a modiJication of pathways within the central 
nervous system that regulate normal growth hormone secretion. 

One of the most overt features of long- 
term treatment with glucocorticosteroids 
is the resultant inhibition of somatic 
growth in both man (I) and laboratory 
animals (2). Clinically, glucocorticoids 
suppress the pituitary growth hormone 
(GH) response to various stimuli (3). Yet 
these steroids increase the synthesis and 
content of GH in dispersed pituitary cells 
in vitro as well as sensitize the response 
of the somatotrophs to release GH after 
stimulation (4). As a result of the recent 
isolation and characterization of a 
growth hormone-releasing factor from a 
human pancreas tumor (hpGRQ-44) 
which had caused acromegaly (5), we 
have been able to study this apparent 

dichotomy in the action of glucocorti- 
coids on GH secretion. Rats subjected to 
adrenalectomy or sham operations were 
given long-term treatment with either 
saline or the synthetic glucocorticoid 
dexamethasone, and were then injected 
with two doses of hpGRF-44. Adrenalec- 
tomy, without steroid replacement thera- 
py, significantly decreased the pituitary 
response to a submaximal dose of 
hpGRF-44, and the increase in plasma 
GH concentrations following the intrave- 
nous administration of hpGRF-44 was 
significantly greater in rats treated with 
dexamethasone. These results show that 
glucocorticosteroids enhance the GH re- 
sponse of the pituitary to hpGRF-44 in 
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