
286-bp JCV fragment functioned better 
in the sense orientation in fetal glial cells, 
but in the antisense orientation in CV-1 
cells. This is in contrast to the SV40 and 
BKV enhancers, which are consistently 
more active in the sense orientation, 
regardless of cell type. This difference in 
orientation preference among cell types 
may relate to the JCV enhancer activity 
or to a difference in the activity of the 
two TATA boxes. It may be significant 
that the only cell type in which JCV 
grows well is also the cell type in which 
the sense orientation of the JCV en- 
hancer is more active. This preference 
for the sense orientation of the JCV 
enhancer region in fetal glial cells could 
relate to the orientation of transcription 
of T antigen, which in turn is necessary 
for DNA replication. 

The mechanism by which the JCV 
enhancer-promoter stimulates brain-spe- 
cific transcription is currently unknown. 
In the case of viruses which have 
evolved from cellular sequences, it 
seems reasonable that the proteins which 
interact with viral regulatory sequences 
perform an analogous function for cellu- 
lar genes. An 82-nucleotide element, the 
identifier sequence has been found with- 
in the introns of precursor RNA mole- 
cules isolated from rat brain that was not 
detected in other rat tissues (25, 26). We 
have compared the nucleotide sequence 
of the JCV 98-bp repeat with this 82- 
nucleotide rat brain specific sequence 
and found marked regions of homology 
[significance level of (27)] (Fig. 2). 
This suggests the presence of a brain- 
specific transcription factor that recog- 
nizes both the JCV transcriptional regu- 
latory region and the 82-nucleotide rat 
brain sequence. Whether these identifier 
sequences serve a regulatory role in the 
transcription of brain-specific genes re- 
mains to be determined. 
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Purified Human Granulocyte-Macrophage Colony-Stimulating 
Factor: Direct Action on Neutrophils 

Abstract. Neutrophil migration inhibition factor from T lymphocytes (NIF-T) is a 
lymphokine that acts to localize granulocytes. Medium conditioned by the Mo 
human T-lymphoblast cell line was used to purifi NIF-T, a glycoprotein with a 
molecular weight of22,OOO. The NIF-T was found to potently stimulate the growth of 
granulocyte and macrophage colonies from human bone marrow and colony 
formation by the KG-1 myeloid leukemia cell line. Thus a human lymphokine (NIF-T) 
that modulates the activities of mature neutrophilic granulocytes is also a colony- 
stimulating factor acting on precursors to induce growth and differentiation of new 
effector cells. 

Neutrophil migration inhibition factor 
from T lymphocytes (NIF-T) is a lym- 
phokine produced by mitogen- and anti- 
gen-stimulated lymphocytes, the Mo T- 
lymphoblast cell line, and mature T cells 
transformed by human T-cell leukemia 
virus (HTLV) (1,2). NIF-T is assayed by 
measuring its ability to inhibit migration 
of human peripheral blood neutrophils 
under agarose, and it is a potent activa- 
tor of human neutrophils (1, 3). The Mo 
cells and lectin-stimulated lymphocytes 
also produce colony-stimulating factors 
(CSF) that act on myeloid precursor cells 
to give rise to colonies of differentiated 
granulocytes and mononuclear phago- 
cytes in semisolid culture (4). To precise- 
ly define the biochemical and biological 
characteristics of lymphokines that act 
on early precursor cells (CSF) and ma- 
ture neutrophils (NIF-T), highly purified 
preparations of these proteins are re- 
quired. We recently developed a purifi- 
cation scheme that yields homogeneous 
erythroid-potentiating activity, a lym- 
phokine regulating early erythropoiesis 
(5); the same approach was used to pre- 
pare highly purified NIF-T and CSF. Our 
results show that NIF-T and CSF activi- 
ties reside in a single glycoprotein with 
apparent molecular weight of 22,000, 
demonstrating that a single human lym- 
phokine acts on progenitor cells in the 
bone marrow and mature effector cells in 

the periphery. The identity of these mol- 
ecules and activities has important impli- 
cations for human physiology and the 
pathophysiology of inflammatory and 
immune disorders. 

Ten liters of serum-free Mo-condi- 
tioned medium (the cells were grown in 
Iscove's modified Dulbecco's medium) 
were concentrated 30-fold with an Ami- 
con hollow-fiber apparatus having an 
HlP10-8 filter. The concentrated protein 
was precipitated by ammonium sulfate at 
80 percent saturation, dissolved in phos- 
phate-buffered saline (PBS), dialyzed ex- 
tensively, and clarified by centrifuga- 
tion. The protein concentrate was ap- 
plied to a lentil lectin Sepharose 4B 
column (2.6 by 6 cm; Pharmacia) equili- 
brated and washed with PBS. Glycopro- 
teins were eluted with 0.5M a-methyl-D- 
mannoside in PBS and concentrated with 
a Centricon-10 microconcentrator (Ami- 
con). The eluted glycoproteins were 
fractionated by size with an Ultrogel 
AcA 44 column (1.6 by 80 cm; LKB) 
equilibrated and eluted with PBS. Frac- 
tions of 2.5 ml were collected and as- 
sayed for NIF-T and CSF activities. 

Colony-stimulating activity was found 
over a broad range in the Ultrogel frac- 
tions, most likely because of the pres- 
ence of multiple CSF's in Mo-condi- 
tioned medium. However, a well-defined 
peak of NIF-T activity was found in a 
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pool of Ultrogel fractions corresponding 
to a molecular weight of approximately 
30,000. A sample of the Ultrogel material 
containing NIF-T activity was concen- 
trated and fractionated by sodium dode- 
cyl sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE). The gel was 
sliced and the eluted proteins were as- 
sayed for NIF-T and CSF activities. A 
single peak was observed for both activi- 
ties corresponding to an apparent molec- 
ular weight of 22,000 (Fig. 1). 

The biological activities eluted from 
the gel shown in Fig. 1 did not corre- 
spond to a major peak of protein; there- 
fore further purification was necessary. 
The pooled Ultrogel material was frac- 
tionated by reversed-phase high-perform- 

ance liquid chromatography (HPLC) by 
using a Beckman instrument fitted with a 
Vydac C-18 column (10 by 250 mm) (5). 
Protein was eluted from the column with 
a gradient of acetonitrile containing 0.1 
percent trifluoroacetic acid and elution 
was monitored by measuring absorbance 
at 220 nm (Fig. 2A). HPLC fractions A 
through I were evaporated to dryness, 
resuspended in 50 mM ammonium bicar- 
bonate (pH 7.0), diluted in PBS contain- 
ing 0.01 percent bovine serum albumin 
(BSA), and assayed for NIF-T and CSF 
activities. Figure 2B shows that both 
NIF-T and CSF activities were found in 
HPLC fractions H and I, which had 
eluted as a broad peak at approximately 
48 percent acetonitrile. 

The colony-stimulating activity of this 
highly purified preparation (HPLC frac- 
tions H and I in Fig. 2) was assayed on 
human bone marrow and the KG-1 hu- 
man myeloid leukemia cell line. Figure 
3A shows a typical colony formed by 
human bone marrow cells stimulated 
with HPLC-purified CSF. These colo- 
nies were stained for the chloracetate 
esterase found in neutrophilic granulo- 
cytes and the a-naphthyl acetate or buty- 
rate esterase found in monocytes and 
macrophages. Both types of colonies 
were seen, consistent with the identifica- 
tion of this factor as a granulocyte-mac- 
rophage CSF previously shown to be a 
product of the Mo cells (4). Serial dilu- 
tions of HPLC fraction H stimulated 

Fig. 1 (top). Apparent molecular weight of 6000 
NIF-T and CSF from Ultrogel fractions. Pro- , 
tein from 10 liters of serum-free Mo-condi- I 
tioned medium was concentrated and applied J, 
to a lentil lectin column; the lentil lectin eluate '2 4000 

was fractionated with a Ultrogel AcA44 col- 'i 
umn (5). Two Ultrogel fractions at the trailing 
end of the peak of NIF-T activity were pooled = 
and half the pool (approximately 2 ml) was 2 000 

dialyzed extensively against 20 mM ammoni- 
um bicarbonate, lyophilized, and resuspended $1 
in loading buffer containing 0.5 percent SDS 

0 without p-mercaptoethanol; the proteins were 
fractionated on a 10 percent polyacrylamide 0 5 10  1 5  2 0 2 5 

slab gel (11). A portion of the pooled fractions Sl ice  

was iodinated by a modification of the chlora- 
mine T procedure (12) and the iodinated mate- 7 0 

A rial (approximately 80,000 countlmin) was - 0 .3  
added to the concentrated protein before elec- 8 0  - 
trophoresis. Slices of the running gel (3 mm) 
were eluted overnight into 0.25 ml of PBS - - 

containing 0.01 percent bovine serum albumin 4 1 - 
carrier protein. SDS was adsorbed by the 5 - addition of AGllA8 resin (Bio-Rad). Recov- * 

ery of protein was determined on the basis of q 5 40 - - 0.1  $ z 
total counts per minute of '251-labeled materi- 

Y N 
a1 in the slice relative to eluted radioactivity. 
Colony-stimulating activity was assayed with 
light-density nonadherent human bone mar- 
row cells plated in microtiter wells at a densi- 5 
ty of 1.5 x lo4 cells per 0.1 ml of agar- 2 5 containing medium (4). Ten microliters of ; .; 
various dilutions of the protein eluted from gel 
slices were added to each well; each dilution .! 
was assayed in triplicate. Colonies of more z L 

than 50 cells were enumerated after 14 days. %: 
NIF-T activity was assayed as described else- 5 2 
where (2). Briefly, 4-yl dilutions of the pro- ; .; .- 
teins eluted from the gel slices were incubated I 2 x I 

with 2 x lo5 human neutrophils at 37'C for 30 
minutes; 2.5 x lo4 neutrophils were then dis- ' 
pensed into each of four 1.5-mm wells in 0 2 0 3 0 4 0 5 0 
agarose plates. The plates were incubated Mlnutes 
overnight at 37'C in 5 percent C 0 2  and then 
fixed with 95 percent ethanol. Migration diameters were measured with an ocular micrometer. One unit of NIF-T is the amount of mediator 
required to inhibit migration of 2.5 x lo4 neutrophils 25 percent. The relative positions of molecular weight markers (molecular weight X 
run in a separate lane (reduced with P-mercaptoethanol) are indicated. Fig. 2 (bottom). Reversed-phase HPLC elution profile. The material 
applied was prepared from 10 liters of conditioned medium as described in the legend of Fig. 1. Three Ultrogel fractions containing the peak NIF- 
T activity were pooled and half this material (approximately 3.5 ml) was applied to the Vydac C-18 column (10 by 250 mm) (5). The flow rate was 
1.5 ml per minute, with a starting solvent of 10 percent acetonitrile and 0.1 percent trifluoroacetic acid in water. (A) The proteins were eluted with 
the following gradient: 10 to 30 percent acetonitrile over 10 minutes, then 30 to 60 percent over 60 minutes. Absorbance at 220 nm was monitored 
continuously. Fractions A through I were collected manually into siliconized glass tubes and evaporated to dryness. The protein was resuspended 
in 50 mM ammonium bicarbonate and serial dilutions for bioassay were made in PBS containing 0.01 percent bovine serum albumin. (B) Dilutions 
of the HPLC fractions were assayed for colony-stimulating activity on 2.2 x lo4 human bone marrow cells per microtiter well and for NIF-T 
activity, as described in the legend to Fig. 1. 
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growth of bone marrow colonies and Table 1 .  Biological activities of recombinant granulocyte macrophage CSF (GM-CSF). . - 

colonies from the myeloid KG-1 cell line Dilution of COS cell supernatant* 
in the same range of dilutions (Fig. 3B). Activity 
The KG-1 cells were previously shown lo-' lo4 

to respond to colony-stimulating activity NIF-T? Yes Yes Yes Yes No 
(6). Since bone marrow cells were de- GM-CSFS 9. 10 15. 16 12. 12 2. 3 0. 0 . ~ ~. ~ 

pleted of adherent before *Supernatants from COS cells transfected with the expression vector alone had no NIF-T or GM-CSF 
assay and KG-1 cells were stimulated in activity. tNIF-T activity was assayed as described in the legend to Fig. I .  $Colonies per 2 x 1V low- 
the same range of concentrations, it is density, nonadherent, human bone marrow cells; results are values for duplicate wells. 

likely that this CSF acts directly on 
colony-forming cells and not indirectly 
through stimulation of accessory cells in 
the bone marrow. 

The HPLC-purified material having 
both CSF and NIF-T activities was io- 
dinated, fractionated by SDS-PAGE, 
and visualized by exposure of the dried 
gel to film. Two bands of labeled protein 
were seen: a broad band with a molecu- 
lar weight of 26,000 to 28,000 and a band 
of 22,000 (Fig. 4A). Since it was possible 
that one protein corresponded to NIF-T 
activity and the other to CSF, the re- 
maining unlabeled material was fraction- 
ated by SDS-PAGE with a small amount 
of labeled material. In this case the pro- 
tein was not reduced or boiled (to avoid 
substantial losses of biological activity), 
resulting in the presence of some protein 
aggregates (Fig. 4B). The gel was sliced 
and the protein was eluted and assayed 

for NIF-T and CSF activities (Fig. 4C) 
As seen with the Ultrogel material (Fig 
l), the NIF-T and CSF activities co- 
migrated on the SDS gel and correspond 
to the lower molecular weight band of 
22,000. This molecular weight is in good 
agreement with previous estimates of 
25,000 for NIF-T (I). The relation of the 
higher molecular weight protein to NIF- 
T and CSF remains to be determined. 

We have demonstrated the existence 
of a highly purified glycoprotein with a. 
molecular of weight of approximately 
22,000 that has both CSF and NIF-T 
activities. These results establish that a 
single human lymphokine acts on both 
precursor cells and mature effector cells. 
We recently obtained unambiguous con- 
firmation of the identity of NIF-T and 
CSF at the molecular level. Independent 

of these studies, human granulocyte- 
macrophage CSF was cloned from an 
expression complementary DNA library 
prepared from Mo cell messenger RNA 
(7). The DNA sequence of this clone 
predicts an amino acid sequence identi- 
cal to that obtained from the amino ter- 
minus of purified NIF-TICSF (Ala-Pro- 
Ala-Arg-Ser-Pro-[Serl-Pro-[Ser]). The re- 
combinant granulocyte-macrophage CSF 
was expressed in COS monkey cells and 
the supernatant was assayed for NIF-T 
and CSF activities. The results demon- 
strate that a single human gene encodes a 
protein with both NIF-T and CSF activi- 
ties (Table 1). 

Our findings are consistent with re- 
sults obtained in murine systems involv- 
ing purified CSF-1, which stimulates 
growth of mononuclear phagocytes and 

126, r - - . .  ntlmln x 10-a)t &> ' 
3.0 

m 0 

Dilution 
. I  0.2 

of HPLC fra 
0.5 1.0 

ction H ( x  1 

t ~ g .  3 c1er11. 2 of colony 
by bone marrb.. ,.., ..., eloid l e ~ k e , , , , ~  ,,,,,. 
(A) HPLC-purified NIF- H in Fig. t - - 2 )  stimulated the grow! nies from L 
human bone marrow in (a typical 0 6 
colony is represented). I me range c that stimulated the growth of bone Colony-stlmulatlng ac t iv i t~  
marrow colony-forming unlt cells (CFU-C) also stlmuiated colony formation by KG-I my ' ' ' 

leukemia cells. KG-I cells were plated in soft agar in microtiter wells at a density of 3 > 
cells per 0.10 ml. Colonies of greater than 50 cells were enumerated at 14 days (6). F 
(right). Analysis of HPLC-purified NIF-T and CSF by SDS-PAGE. NIF-T and CSF 
prepared from 10 liters of serum-free conditioned medium through the HPLC step. as descl lLJcu 

in the legend to Fig. 3. (A) A portion of HPLC-purified material was iodinated (12) ,  boiled in 
SDS sample buffer containing 5 percent P-mercaptoethanol. and fractionated on a 10 percent ' 
polyacrylamide gel ( 1 1 ) .  The dried pel was exposed to film. The relative positions of I4C-label 
weight x 1 0 ' )  are given. ( B )  Material represented in (A)  was resuspended in sample buffer conlalnlng n.2 percenl ava  wnnour p- 
rnercaptoethanol and electrophoresed on a 10 percent pel (13) along with the unlabeled protein to which iodinated protein I as a tracer 
(C). The lane cont;iining the unlabeled protein was sliced and eluted as described in the legend to Fig. I .  Colonies and clust 
cells from human bone marrow were enumerated at 14 days. The results of two experiments performed in duplicate were i 

assayed as described in the legend to Fig. I .  Data points are means for two experiments performed in quadruplicate. 
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has a variety of effects on mature macro- 
phage function and protein metabolism 
(8). In addition, purified murine granulo- 
cyte CSF and granulocyte-macrophage 
CSF affect murine neutrophil cytotoxic 
function (9), and semipurified human 
CSF from placental-conditioned medium 
enhances the antibody-dependent cell- 
mediated cytotoxicity of human neutro- 
phils (10). 

The physiological functions of NIF-TI 
CSF may be severalfold. In bone mar- 
row this lymphokine can stimulate prolif- 
eration and differentiation of effector 
cells for host defense while, in the pe- 
riphery, new and existing cells can be 
activated. In a localized immunological 
response NIF-TICSF can retain circulat- 
ing neutrophils in or away from areas of 
inflammation. Inappropriate localization 
or activation of neutrophils may be in- 
volved in the pathophysiology of a varie- 
ty of immune-mediated disorders, such 
as rheumatoid arthritis. It should now be 
possible to study the production and 
function of NIF-TICSF in normal and 
pathological environments. 

JUDITH C. GASSON* 
Division of Hematology-Oncology, 
Department of Medicine, 
University of California School of 
Medicine, Los Angeles 90024 

RICHARD H. WEISBART 
Veterans Administration Medical 
Center, Sepulveda, California 91343 

SUSAN E. KAUFMAN 
Division of Hematology-Oncology, 
University of California School of 
Medicine, Los Angeles 90024 

STEVEN C. CLARK 
RODNEY M. HEWICK 

GORDON G. WONG 
Genetics Institute, 
225 Longwood Avenue, 
Boston, Massachusetts 02115 

DAVID W. GOLDE 
Division of Hematology-Oncology, 
University of California School of 
Medicine, Los Angeles 90024 

References and Notes 

1. R.  H. Weisbart, R. Billing, D. W. Golde, J .  Lab. 
Clin. Med. 93, 622 (1979); R. H. Weisbart et al., 
J .  Immunol. 128, 457 (1982); R. H. We~sbart et 
al., Clin. Immunol. Immunopathol. 22, 408 
(10113) \',"*/. 

2. I. S. Y. Chen, S. G. Quan, D. W. Golde, Proc. 
Natl. Acad. Sci. U.S.A. 80. 7006 (1983); J .  C. 
Gasson, I. S. Y. Chen, C. A. Westbrook, D. W. 
Golde, in Normal and Neoplastic Hematopoie- 
sis, D. W. Golde and P. A. Marks, Eds. (Liss, 
New York, 1983), p. 129. 

3. R.  H. Weisbart and M. R.  Mickey, J .  Immunql. 
Methods 16, 269 (1977); R. We~sbart et al., In 
nrenaration. 

4. M;?:~cI~& and D. W. Golde, Nature (London) 
277, 177 (1979); A. J .  Lusis, D. H. Quon, D. W. 
Golde. Blood 57. 13 (1981): A. J .  Lusis, D. W. 
Golde, D. H. Quon, L.  ~ . ~ a s k y ,  Nature (Lon- 
don) 298, 75 (1982). 

5. C. A. Westbrook, J .  C. Gasson, S. E.  Gerber, 
M. E. Selsted, D. W. Golde, J .  Biol. Chem. 259, 
9992 (1984). 

6. H. P. Koeffler and D. W. Golde, Science 200, 

1153 (1978); A. J. Lusis and H. P. Koeffler, 13. We thank N. Bersch, S .  G. Quan, G. Chan, and 
Proc. Natl. Acad. Sci. U.S.A. 77, 5346 (1980). A. Kacena for technical assistance. We are also 

7. G. Wong et al., in preparation. grateful to R. Lehrer, A. Fogelman, M. Selsted, 
8. R. N.  Moore et al., Lymphokines 3, 119 (1981); and J .  Seager for their help and I. Chen and W. 

E.  J .  Wing et al., J .  Clin. Invest. 69, 270 (1982); Wachsman for critical review of the manuscript. 
R. J .  Tushinski and E. R. Stanley, J .  Cell. Supported by PHS grants CA 32737 (J.C.G., 
Physiol. 116, 67 (1983). R.H.W., S.E.K.,  and D.W.G.), CA 30388 

9. A. F. Lopez et al., J .  Immunol. 131,2983 (1983). (D.W.G. and J.C.G.), CA 30280 (R.H.W.), and 
10. M. A. Vadas, N.  A. Nicola, D. Metcalf, ibid. CA 16042 (UCLA Cancer Center core grant) 

130, 795 (1983). awarded by the National Cancer Inst~tute. 
11. U. Laemmli, Nature (London) 227, 680 (1970). * To whom correspondence should be addressed. 
12. W. Hunter and F. Greenwood, ibid. 194, 495 

(1962). 23 July 1984; accepted 2 October 1984 

Elevated Concentrations of CSF Corticotropin-Releasing 
Factor-Like Immunoreactivity in Depressed Patients 

Abstract. The possibility that hypersecretion of corticotropin-releasing factor 
(CRF) contributes to the hyperactivity of the hypothalamo-pituitary-adrenal axis 
observed in patients with major depression was investigated by measuring the 
concentration of this peptide in cerebrospinalfluid of normal healthy volunteers and 
in drug-free patients with DSM-111 diagnoses of major depression, schizophrenia, or 
dementia. When compared to  the controls and the other diagnostic groups, the 
patients with major depression showed sign8cantly increased cerebrorpinal fluid 
concentrations of CRF-like immunoreactivity; in 11 of the 23 depressed patients this 
immunoreactivity was greater than the highest value in the normal controls. These 
findings are concordant with the hypothesis that CRF hypersecretion is, at least in 
part, responsible for the hyperactivity of the hypothalamo-pituitary-adrenal axis 
characteristic of major depression. 

A large proportion of patients with 
major depression (DSM 111) or endoge- 
nous depression (Research Diagnostic 
Criteria) exhibit hyperactivity of the hy- 
pothalamo-pituitary-adrenal (HPA) axis 
as assessed by measurement of plasma 
concentrations of cortisol (I), urinary 
free cortisol excretion (2), and cortisol 
nonsuppression in response to the syn- 
thetic glucocorticoid, dexamethasone 

(3). The site within the HPA axis respon- 
sible for this endocrine abnormality is 
not known. Some evidence for adrenal 
hyperresponsivity to adrenocorticotrop- 
ic hormone (ACTH) in depressed pa- 
tients is available (4). Moreover, mea- 
surement of plasma ACTH after oral 
dexamethasone has generally revealed a 
lack of ACTH suppression to this syn- 
thetic glucocorticoid in depressed pa- 
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- Fig. 1. Concentration 
of CRF-LI  in C S F  o f  
normal  controls  (5 

- males and  5 females),  
DSM-111 major  de- 
pression (13 males  

- a n d  10 females),  
o DSM-111 schizophre- 

0 
nia (8 females and  3 

0 males),  and  senile - 
dement ia  (DSM-111 

0 

8 0 primary degenerative 
dement ia  o r  multi- 

9 8- infarct dement ia ,  o r  
both ,  20 females a n d  9 

o males).  Because  the  
- 

0 8 0 da ta  distribution in 
0 t he  depressed pa- 

tients w a s  slightly 
- skewed ,  t he  da t a  

were  analyzed by 

I 1 I I both  parametric (AN- 
O V A  a n d  Student-  

Normal DSM-Ill DSM-Ill Senile Newman-Keuls  test) 
controls Major Schizophrenia dementla and nonparametric 
(n=10)  depression ( n = l l )  (n = 29) 

(n = 23) (Mann-Whitney U 
test) methods .  B y  

both  me thods  the  C S F  C R F - L I  concentra t ions  were  significantly elevated in the  depressed 
patients when  compared  t o  t he  o the r  diagnostic groups  and  the  normal controls (P < 0.05, 
A N O V A  a n d  Student-Newman-Keuls  t e s t ;  P < 0.025. Mann-Whitney U test).  
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