
within or adjacent to the centromeric 
heterochromatin (49.9 percent), in bands 
p22-p32 (14.6 percent), q31-32 (14.3 per- 
cent), and p36 (8.2 percent) (16). Wheth- 
er this preponderance of chromosome 1 
abnormalities is the result of clonal evo- 
lution of malignant cells, perhaps related 
to an unidentified proliferative advan- 
tage for the cell, or is part of the initial 
event in neoplastic transformation re- 
mains to be determined. Furthermore, 
the relation of these chromosomal abnor- 
malities to the oncogenes located on 
chromosome 1 is unknown. The large 
physical distance between the mapped 
oncogenes and the common chromo- 
some 1 lesions, especially 1q31-32, sug- 
gest that if these abnormalities play a 
role in the malignant transformation of 
the tumors in which they are found, 
additional oncogenes may also be 
mapped to this chromosome. 
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Gene for T-cell Growth Factor: Location on 
Human Chromosome 4q and Feline Chromosome B1 

Abstract. T-cell growth factor (TCGF) or interleukin-2 (IL-21, an immunoreg- 
ulatory lymphokine, is produced by lectin- or antigen-activated mature T lympho- 
cytes and in a constitutive manner by certain T-cell lymphoma cell lines. By means of 
a molecular clone of human TCGF and D N A  extracted from a panel of somatic cell 
hybrids (rodent cells x normal human lymphocytes), the TCGF structural gene was 
ident$ed on human chromosome 4. In sitir hybridization of the TCGF clone to 
human chromosomes resulted in sign$cant labeling of the midportion of the long 
arm of chromosome 4,  indicating that the TCGF gene was located at band q26-28. 
Genomic D N A  from a panel of hybrids prepared with HUT-102 B2 cells was 
examined with the same molecular clone. In this clone of cells, which produces 
human T-cell leukemia virus, the TCGF gene wus also located on chromosome 4 and 
was apparently not rearranged. The homologou~ TCGF locus in the domestic cat 
was assigned to chromosome B1 by using a somatic cell hybrid panel that segregates 
cat chromosomes. Linkage studies as well as high-resolution G-trypsin banding in- 
dicate that this feline chromosome is partially homologous to human chromosome 4. 

T-cell growth factor (TCGF) was orig- 
inally discovered as a component of con- 
ditioned medium from lectin-stimulated 
primary cultures of human lymphoid 
cells that permitted long-term prolifera- 
tion in vitro (1, 2).  Exploitation of this 
discovery led to the cloning of T-cell 
populations of defined function and 
specificity (3) and the use of TCGF to 
establish cell lines from certain mature 
T-cell tumors (4). These cells respond to 
TCGF without prior activation with lec- 
tin or antigen, apparently because of 
constitutive expression of the TCGF re- 
ceptor (5). From these cell lines the 
retrovirus human T-cell leukemia virus 
(HTLV) was isolated (6). TCGF-depen- 
dent lymphocyte cultures of normal or 
leukemic individuals are invariably ma- 
ture T cells as determined by the expres- 
sion of an array of T-cell markers and the 
lack of any B cell or immature lymphoid 
determinants (1). Although normal lym- 
phocyte cultures require the continuous 
presence of TCGF for growth, many of 
the HTLV-infected cell lines gradually 
become independent of exogenous 
TCGF (2) ,  suggesting that they either 

produce their own TCGF or by-pass the 
normal TCGF-TCGF receptor system 
required for proliferation. 

Homogeneously purified human 
TCGF is a single polypeptide with a 
molecular weight of 15,000 (7). Recently, 
almost identical molecular clones of the 
structural gene for human TCGF were 
derived from complementary DNA 
(cDNA) libraries of a leukemic T-cell 
line (Jurkat) (8) and from normal periph- 
eral blood lymphocytes (9). Use of 
cloned TCGF sequences as probes sug- 
gested that human TCGF is encoded by a 
single cellular gene containing introns. 
We have used a molecular TCGF clone 
to map the gene in the normal human 
genome and in the genome of the HUT- 
102 B2 lymphoma cell line from which 
the original isolate of HTLV was ob- 
tained. HUT-102 B2 has become TCGF- 
independent and produces low levels of 
TCGF messenger RNA (mRNA) and 
biologically active TCGF (2,  9). 

TCGF was mapped in normal cells 
with use of a panel of 43 somatic cell 
hybrids (rodent cells x normal human 
lymphocytes) (10). The human chromo- 
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for each human chromosome 
were run on each human x ro- 
dent cell hybrid (13). Thirty- 
three isoenzyme systems diag- 
nostic for feline chromosomes 
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cell hybrid (11, 13). The details 
of isoenzvme analvsis of hu- " 
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(a) 43 normal human lympho- 
cyte x rodent somatic cell hy- 
brids; (b) 18 HUT-102 B2 x 
rodent somatic cell hybrids; 
and (c) 37 cat x rodent somat- 
ic cell hybrids. 

some constitution was monitored by G- 
trypsin banding (10, l l ) ,  G-11 chromo- 
some staining (12), and electrophoretic 
resolution of up to 36 isozyme markers 
previously mapped to each of the 23 
human chromosomes (13). The TCGF 
gene was visualized as a 3.5 kilobase (kb) 
doublet-fragment in human DNA after 
digestion with Eco RI (Fig. la) and 
Southern hybridization analysis (14) with 
a nick-translated probe derived from a 
1.1-kb molecular clone that includes the 
human TCGF locus (9). Under the strin- 
gent conditions used (see legend to Fig. 
l), Eco RI digests of the rodent cell DNA 
produced no hybridization in this region 
of the filter. Thus, by Eco RI digestion of 
the hybrid panel (Fig. la), it was possible 
to determine which hybrids retained the 
human TCGF gene and the chromosome 
on which it resided. The presence of the 
TCGF fragment was 98 percent concor- 
dant with human chromosome 4 (HSA4) 
and its included isozyme loci phospho- 
glucomutase 2 (PGM2) and peptidase S 
(PEPS) (Fig. 2a). The single discordant 
hybrid clone, 80H2C, had the genotype 
HSA4-, PGM2- ; PEPS-; TCGF' . Be- 
cause this hybrid did not contain any 
obvious rearranged human chromo- 
somes, it may have contained a small 
transposition of HSA4 which was not 
apparent in the G-11 and G-trypsin anal- 
ysis. Each of the remaining 22 human 
chromosomes showed high discordance 
(22 to 46 percent; Fig. 2a) with TCGF 
permitting the assignment of TCGF to 
human chromosome 4. 

In situ hybridization of the TCGF 
cDNA clone to normal human chromo- 
some preparations confirmed the assign- 
ment of TCGF to HSA4 and further 
identified the gene on the long arm. A 
nick-translated 3~-labeled TCGF probe 
was hybridized at different concentra- 
tions between 10 and 100 nglml and then 
exposed autoradiographically for 4 to 27 
days (15). In an analysis of 60 mitotic 
spreads, 33 percent of the metaphase 
spreads that could be scored exhibited 
label on the midportion of HSA4q. These 
labeled sites, each consisting of one to 
three grains, represented 20 percent (21 
out of 107) of all labeled sites distributed 
throughout the 60 metaphase spreads. 
Compilation of grain positions from a 
large number ( N  = 47) of labeled No. 4 
chromosomes indicated significant clus- 
tering of grains on segment q26-28 (65 
percent) (Fig. 3a). These results are illus- 
trated by the representative metaphase 
cell in Fig. 3b. Thus, on the basis of this 
significant labeling of a small segment on 
the long arm of chromosome 4, we con- 
cluded that the TCGF gene was on 
HSA4q26-28. 
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The dependence of certain HTLV-pro- 
ducing human cell lymphoma lines on 
TCGF for proliferation in vitro prompted 
us to examine these and other human 
cells for the molecular and chromosomal 
integrity of the TCGF locus. Restriction 
enzyme digests (with six enzymes) of 
nine human cell lines, including the 
HTLV-infected lines HUT-102 (6) and 
MJ (16), all expressed the same patterns 
after Southern blot analysis with the 1.1- 
kb TCGF molecular probe (17). We ob- 
served no intraspecific human polymor- 
phism~ or any HTLV- or tumor-associat- 
ed perturbations of the TCGF locus. To 
examine the chromosomal position of 
TCGF in an HTLV-associated tumor, 
we prepared and characterized a panel of 
18 somatic cell hybrids between E36 
Chinese hamster cells and HTLV-pro- 
ducing human lymphoma HUT-102 B2 
with G-11 stain and isozyme markers as 
described above. TCGF was 100 percent 
concordant with HSA4 and the associat- 
ed isozyme markers, PGM2 and PEPS, 
and appreciably discordant (17 to 60 per- 
cent) with the remaining human chromo- 
somes (Figs. lb and 2b). These results 
confirm the assignment of TCGF to 
HSA4 and are consistent with the ab- 
sence of chromosomal or molecular rear- 
rangement of the TCGF locus in the 
etiology of the HUT-102 lymphoma. 

A striking conservation of linkage ho- 
mology between the genetic maps of the 
domestic cat and man was recently dem- 
onstrated (11, 18). When the linkage map 
of 3 1 homologous biochemical loci in 
both species was compared, only a few 
exceptions to linkage conservation were 
observed. We used the human TCGF 
clone and a panel of 37 cat x rodent 
somatic cell hybrids to map the feline 
chromosomal homolog of TCGF. The 
panel was expanded and analyzed with 
human TCGF by the same strategies that 
we used for the human analysis. The 
feline TCGF gene was visualized as a 
pair of fragments of 5.2 and 9.7 kb after 
digestion of cellular DNA with Eco RI 
and Southern blot analysis with the 1.1- 
kb TCGF clone being used as a probe 
(Fig. Ic). Homologous DNA segments 
from rodents did not appear in this re- 
gion of the gels. The two fragments from 
cat DNA were precisely concordant in 
37 hybrids. The simplest interpretation 
of this observation is that an Eco RI site 
exists within the feline DNA sequence 
homologous to the TCGF probe. 

The presence of feline TCGF was 100 
percent concordant with feline chromo- 
some B1 and highly discordant (30 to 60 
percent) with the other 18 feline chromo- 
somes (Fig. 2c), thereby permitting as- 
signment of the feline TCGF gene to 

feline chromosome B1 (FCA Bl). FCA 
B 1 has previously been implicated as 
homologous to human chromosome 4 
because both chromosomes contain the 
structural gene for the peptidase-S 
(PEPS) (1 1, 18). To extend this analysis, 
we sought to examine the possibility of 
cytological (G-banding) homology be- 
tween these chromosomes. In Fig. 3c we 
show high-resolution banding of the fe- 
line chromosome B1, and of human 
chromosome 4 at a similar level of exten- 
sion. The centromere proximal regions 
of the long arms of both chromosomes 
(FCA Blq and HSA4q12-24) displayed 
nearly identical banding. It is important 
to consider that the long arms of both 
human 4q and feline B lq are believed to 
be ancestral in that they do not contain 
the chromosome rearrangements that oc- 
curred after the divergence of the pri- 
mate and carnivore orders (18). Because 
of the linkage cytological homologies re- 
ported here between the two chromo- 
some arms, we propose that the proxi- 
mal portions of HSA4q and FCA B lq be 
added to the five previously defined ho- 
mologous chromosome segments be- 
tween the primates and carnivores (18). 

Our results indicate that human TCGF 
is encoded by a single locus on human 
chromosome 4q26-28. The only other 
lymphokine loci mapped to date in man 
are those of the interferon family: inter- 

feron, leukocyte type, HSA9 (19), and 
interferon, immune type, HSA12 (20). 
Other growth factors have not been 
chromosomally assigned, although a 
DNA sequence of human platelet-de- 
rived growth factor (PDGF) has recently 
been shown to be 90 percent homologous 
to the retroviral oncogene sis (21), which 
has been mapped to chromosome 22 
(22). Presumably, the human homolog of 
sis codes for at least part of PDGF. 
Another oncogene, c-raf (23), has two 
homologous sequences in humans, one 
of which, c-raf-2, has been mapped to 
human chromosome 4 (24). The TCGF 
locus and c-raf-2 do not appear to be 
identical for two reasons. First, c-raf-2 is 
an apparent pseudogene which has ter- 
mination signals in each reading frame 
(25). Second, the nucleotide sequences 
of TCGF (14, 15) and c-raf-2 (25) have 
been determined. A computer-assisted 
comparison of the two sequences using 
the ALIGN program (26) did not reveal 
any significant homology. In addition, c- 
raf-2 and TCGF are probably not closely 
linked since at least one of our hybrids, 
80H9AC, has the genotype HSA4-, 
PGM2-, PEPS-, raf-2+, and TCGF-. 
This hybrid has an unidentifiable rear- 
ranged human chromosome which ap- 
parently contains the raf-2 segment and 
none of the other HSA4 loci, including 
TCGF. The additional 15 human onco- 

C Fig. 3 .  Identification - 

* !' of the  TCGF gene on 
chromosome 4. (a) 

1:: 3 ; ] Distribution of la- 
k L , , beled sites on 47 No. 
f ,  a ; 4 chromosomes after 

in situ hybridization 
of the TCGF probe. 
Of 49 total grains, 32 
(65 percent) were 
clustered on segment 
q26-28. The probe 
was hybridized at 50 

TCGF I nglml and was then 
exposed autoradio- 
graphically for 27 

HsA4 FcA B1 days. (b) Human 
metaphase cell hybridized with TCGF probe 
at 100 n g h l  and exposed for 4 days, illustrat- 
ing typical labeling of the midportion of the 
long arm of chromosome 4 (q27-28) (arrow). 
The TCGF probe was 'H-labeled by nick 
translation to 3.7 x lo7 counts per minute per 
microgram. (c) Giemsa-banded comparison of 
human chromosome 4 (HSA4) with chromo- 
some BI (FCA B1)  of the domestic cat. The 
outside brackets indicate regions of banding 
homology. The selected chromosome exam- 
ples shown are from early metaphase. A con- 
sensus schematic of these chromosome pairs 
is presented below to better illustrate the 
region of handing homology. Within the ho- 
mologous region, negatively stained human 
band q23 contains slightly less chromosomal 
material than the homologous feline band. 
The regional portions of enzyme loci PGiW2. 
PEPS. and TCGF are indicated for HSA4. 
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gene loci mapped to date are dispersed 
on other human chromosomes (27). 

That growth factors may play a role in 
the onset of neoplasia has been an attrac- 
tive hypothesis for some time. The near 
identity of a gene sequence of PDGF and 
v-sis has added credence to this hypothe- 
sis (21). A characteristic translocation 
involving chromosome 4 (q21) and chro- 
mosome 11 has been observed in some 
cases of acute leukemia (28). However, 
recent phenotypic studies suggesting 
that the t(4; 1 1)-associated acute leuke- 
mia represents a proliferation of myeloid 
progenitor cells (29) as well as the identi- 
fication of the TCGF gene on q26-28 
make it difficult to implicate TCGF in the 
etiology of this disease. Nonetheless, the 
occurrence of TCGF on chromosome 4 
adds an important aspect to the continu- 
ing genetic analysis of oncogenes, 
growth factors, and retroviruses that 
have been implicated as regulators of 
normal growth and development as well 
as in the etiology of neoplasia (27). 
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Endogenous Regulation of Macrophage Proliferative 

Expansion by Colony-Stimulating Factor-Induced Interferon 

Abstract. Stimulation of cultures of murine bone-marrow cells with spec13c 
macrophage growth factor (colony-stimulating factor 1) resulted in the production of 
type 1 interferon. Neutralization of this endogenous interferon by antiserum directed 
against interferons a and p resulted in a signiJicant enhancement of mononuclear 
phagocyte proliferation from committed marrow precursors. The effect of the 
antiserum was lost in cultures depleted of adherent cells, an indication that an 
adherent regulatory cell (or cells) in the marrow limits mononuclear phagocyte 
proliferation by producing antiproliferative interferon in response to high levels of 
speciJic growth factor. 

Maturation and differentiation of cells 
within the mononuclear phagocyte sys- 
tem results in a progressive loss of the 
capacity to proliferate in response to the 
specific growth factor known as colony- 
stimulating factor 1 (CSF-1) or macro- 
phage growth factor (1, 2). The dimin- 
ished proliferative capacity does not ap- 
pear to be associated with a disappear- 
ance of specific receptors for CSF-1, 
since their expression is retained by 
more mature, differentiated macro- 
phages (2, 3). Macrophages stimulated, 
with CSF display various functional 
changes (4), including secretion of series 
E protaglandins (5), interleukin 1 (6 ) ,  and 
interferon (IFN) (4, 7). Thus CSF-1 can 
act either as a proliferative signal for 
committed macrophage precursors (2, 8) 
and for immature mononuclear phago- 
cytes (I) or as a stimulatory signal for 
more differentiated cells. Kurland et al. 
(9, 10) introduced the concept that ma- 
ture macrophages in the marrow limit the 
CSF-induced expansion of monocytes 

and macrophages to appropriate levels 
by reacting to CSF within the local envi- 
ronment and producing series E prosta- 
glandins; these prostaglandins act as po- 
tent inhibitors of CSF-induced mononu- 
clear phagocyte proliferation from com- 
mitted precursors (11). Thus CSF-1 may 
function in the bone marrow to regulate 
mononuclear phagocyte generation in 
both a positive and negative fashion. 
Series E prostaglandins, however, are 
not the only inhibitory molecules pro- 
duced by CSF-stimulated macrophages. 
Interferon is also produced (4, 7) and 
may act as an antagonist to CSF-induced 
proliferation (12-15). Therefore mononu- 
clear phagocyte proliferation might also 
be regulated by the balance of CSF and 
IFN in the environment of committed 
precursors. We obtained results that 
supported this hypothesis; the prolifera- 
tive response of murine marrow prepara- 
tions treated with purified CSF-1 was 
enhanced in the presence of antiserum 
that effectively neutralized murine IFN's 
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