active site cleft in a manner consistent with
previous difference Fourier studies using
dinucleotides (7, 10). The conformation of
the polynucleotide chain is smooth, extend-
ed, and exhibits no unacceptable turns or
bends.

Finally, we would like to call attention to
the fact that the 5’ terminus of the polynu-
cleotide strand is firmly bound on the side of
the protein opposite the active site, which is
nearly 30 A away from the catalytic center.
It is here, as Matthew and Richards showed
(14), that there is a cluster of lysine and
arginine residues precisely where the 5’ ter-
minal phosghate is found. This cluster of
Lys®', Lys*’, Lys’,, and Arg®* forms a
strong local positive charge distribution that
they predicted would serve as a strong anion
binding site.

Figure 5 is the RNase molecule with the
single DNA strand shown in red, but with
lysine amino groups and guanidinium
groups of arginines highlighted in yellow
along with His'? and His'"®. Apparent in

this figure is the linear array of positively
charged groups displayed by the protein on
its surface and the complementarity between

- this linear array and the course of the poly-

nucleotide chain. Indeed, we believe that a
major consequence of the folding of the
polypeptide chain is the presentation of a
linear sequence of positive charges in three-
dimensional space that traces the path of a
polynucleotide chain and serves to lead it
through the active site of the enzyme with-
out distortion and in a manner consistent
with its chemical and conformational prefer-
ences.
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Identification and Characterization of the Protein
Encoded by the Human N-myc Oncogene

Dennis J. SLamonN, THOMAS C. BOONE, ROBERT C. SEEGER,
Duane E. KerrH, Vickr CHAzIN, Hyun C. LEE,

LAwWRENCE M. Souza

The human N-mye gene is related to the c-myc proto-oncogene, and has been shown to
have transforming potential in vitro. Many studies have reported amplification of N-
myc in human neuroblastoma and retinoblastoma cell lines. In primary tumors,
amplification of the gene was found to correlate directly with behavior of the tumor.
Specific restriction fragments of a partial complementary DNA clone of N-myc from
LA-N-5 human neuroblastoma cells were placed into a bacterial expression vector for
the purpose of producing antigens representative of the N-myc protein. Rabbits
immunized with these antigens produced antisera that recognized a protein of 62-64
kilodaltons in neuroblastoma cells. By several criteria, this protein appears to be part of
the same proto-oncogene family as the c-myc protein. Moreover, the antisera to
fragments of this protein were capable of histochemically identifying malignant cells in

clinical specimens.

HE N-MYC GENE, WHILE NOT A

classic proto-oncogene in that it does

not have a homolog carried by an
acutely transforming retrovirus, is grouped
with the proto-oncogenes because of its
homology with c-myc (I, 2). There is clear
evidence for the transforming potential of
this gene since N-mzyc can substitute for c-
myc in the co-transformation assay in which
secondary rat embryo cells are transformed
into tumorigenic cells (3). Thus far, the
strongest clinical correlation between alter-
ation of a specific proto-oncogene and hu-
man neoplasia has been found in studies of
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the N-myc gene in neuroblastomas. This
gene was first identified in human neuro-
blastoma cell lines where homogeneously
staining regions (HSR) on chromosomes
(4) or double minute (DM) chromosomes
(5) were frequent. In these cell lines there is
a 25- to 700-fold amplification of a gene
that is related to, but distinct from, the c-myc
proto-oncogene (1, 2). Amplification and/or
increased expression of this gene has been
found in untreated primary human neuro-
blastomas (6) and retinoblastomas (7). Ini-
tial studies of primary neuroblastomas dem-
onstrated that amplification of N-myc was

correlated with stage of disease; amplifica-
tion was not found in localized tumors
(stages I and II), but was present in 50% of
advanced tumors (stages III and IV) (6). In
a larger study, amplification of the gene in
primary neuroblastomas was found to corre-
late strongly with rapid disease progression
and poor clinical prognosis, independent of
disease stage at diagnosis (8). Thus, amplifi-
cation of the N-myc gene appeared to be
more prognostic than clinical staging of the
disease.

The strong correlation between N-mye
gene alterations in primary human tumors
and clinical behavior, as well as the trans-
forming potential of the gene in vitro, has
led to speculation that it may be involved in
the pathogenesis of some human malignan-
cies. To further characterize this gene and its
gene product, we undertook experiments to
clone and express human N-myc. By means
of the Okayama-Berg vector (9), a comple-
mentary DNA library was constructed from
the LA-N-5 human neuroblastoma cell line.
Approximately 80,000 clones were screened
with the pNb-1 probe (I), and one clone,
N-mycl, was obtained. The largest open
reading frame in the sequence from N-mycl

D.J. Slamon and D. E. Keith, Division of Hematology-
Oncology, Department of Medicine, and Jonsson Com-
prehensive Cancer Center, UCLA School of Medicine,
Los Angeles, CA 90024.

T. C. Boone, V. Chazin, L. M. Souza, Amgen, Thousand
Oaks, CA 91320.

R. C. Seeger and H. C. Lee, Department of Pediatrics,
Jonsson Comprehensive Cancer Center, and Childrens
Cancer Study Group, UCLA School of Medicine, Los
Angeles, CA 90024.

SCIENCE, VOL. 232



(Fig. 1) is 1182 nucleotides long, and would
encode the COOH-terminal 394 amino ac-
ids of a putative N-myc protein. A complete
sequence of the N-myc gene was recently
published (10), and comparison of the large
open reading frame from the N-mycl clone
and the published sequence shows only one
notable difference. The third base of the
codon for amino acid 227 is a cytosine and
the first base of the next codon is a guanine
in the N-mycl clone. The published se-
quence shows a reversal of these two resi-
dues. This difference results in a change in
amino acid 227—alanine instead of proline.

To identify and characterize the N-myc
gene product, we developed antibody re-
agents based on the large open reading
frame in the N-mycl clone. This was done
by constructing a series of expression vectors
for the purpose of producing portions of the
putative N-myc—encoded protein in Esche-
vichin coli. Constructs were made by fusing,
in frame, the 5’ region of a bovine growth
hormone gene (bGH) to the six regions of
the N-myc gene defined by specific restric-
tion endonuclease sites (Fig. 1). The three
sites in the bGH gene used for the fusion to
N-myc—specific sequences were Sst I, Pst I,
and Hind III, generating fusion proteins
containing 76, 92, and 114 residues of the
NH,-terminus of bGH, respectively. We
utilized the expression vector p414/936, a
modified temperature-sensitive runaway
plasmid containing (i) a selectable drug
marker, Amp®; (ii) a transcription termina-
tor; and (iii) translation termination signals
in all three reading frames. These termina-
tors were adjacent to a polylinker used for
introduction of genes linked to a tryptophan
synthetase promoter. This vector was used
for bGH/N-myc constructions I, IIL, IV, V,
and VI, while bGH/N-mye IT was expressed
by means of a similar vector (pCFM414)
that had been used to express human c-myb
(11). The bGH/N-myc fusion proteins I-V
were terminated by translation terminators
provided by the expression vectors, while VI
terminated with the natural COOH termi-
nus of the N-myc protein (Fig. 1). These
bGH/N-myc fusion proteins were then used
to generate polyclonal antisera in rabbits, as
previously described (12).

Analysis of the N-myc nucleotide sequence
predicts a protein with some similarities to
the c-myc protein in terms of size, abun-
dance, and location of basic amino acids
(10). Antisera generated to the N-myc pro-
tein fragments were tested in a liquid phase
immunoprecipitation assay with human
neuroblastoma cell lines (LA-N-5 and IMR-
32) that are known to express N-myc tran-
scripts, but not ¢-mye (Fig. 2A). The human
promyelocytic cell line, HL-60, was used as
a negative control, since these cells express
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high levels of c-myc transcripts, but not N-
myc (Fig. 2A). In addition, two other hu-
man cell lines, HT29 (colon carcinoma) and
U251 (glioma), were used as negative con-
trols, since neither express N-myc transcripts
(13). The criteria used to identify a protein
as N-mys—encoded were twofold. First, the
protein had to be immunoprecipitated from
neuroblastoma cell lysates by antisera to at
least two different N-myc—encoded frag-
ments representing separate areas of the
deduced amino acid sequence, thus greatly
reducing the possibility that the immuno-
precipitation was due to chance sequence
homology between the vector-expressed
fragment and a cellular protein other than
N-mye. Second, the protein should not be
found in other human tumor cell lines (in-
cluding the neural-derived glioma cells)
where the N-myc transcript is not found.

A protein appearing as a doublet of 62
and 64 kilodaltons (kD) was consistently

immunoprecipitated from LA-N-5 human
neuroblastoma cells (Fig. 2B, lanes 2, 5, 9-
12). Similar results were seen for the IMR-
32 human neuroblastoma cell line (13).
Immunoprecipitation of this protein could
be completely competed away by addition of
the appropriate N-myc fragment to the reac-
tion mix in all cases, indicating a specific
antigen-antibody reaction. Examples of the
competition reaction are shown (Fig. 2,
lanes 3 and 6). Moreover, immunoprecip-
itation of the doublet protein could not be
blocked when nonhomologous antibody
and antigen combinations were used; at-
tempts to block precipitation mediated by
antisera to fragment II with fragment I
antigen was unsuccessful, again indicating
that the precipitation was due to a specific
antigen-antibody reaction (Fig. 2B, lane 7).
Finally, to ensure that the precipitation of
the doublet protein was due to antibodies
directed to the N-myc and not the bGH
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Fig. 1. Nucleotide sequences of the coding region contained in complementary DNA clone N-mycl.
Dideoxy sequencing was performed on independent M13 clones containing either overlapping
fragments or complementary DNA strands. The deduced amino acid sequence 1s shown immediately
above the DNA sequence, and the amino acids are numbered corresponding to the complete sequence
(10). Specific restriction endonuclease sites used in constructing the bGH/N-myc fusion genes are
shown underlined and labeled. The N-myc portion of each bGH/N-mye fusion product is displayed:
(——) bGH/myc I; (---} bGH/N-myc II; (=) bGH/N-mye 115 (— -- —) bGH/N-myc IV; (m)
bGH/N-myc V; and (---) bGH/N-myc V1,
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Fig. 2. (A) Northern blot analysis of polyadenylated [poly(A)*] RNA from LA-N-5 human
neuroblastoma cells and HL-60 human promyelocytic leukemia cells. Equal amounts (7 pg) of
poly(A)* RNA from LA-N-5 (lane 1) or HL-60 (lane 2) were loaded on 1.1% agarose gel, separated
by electrophoresis, transferred to nitrocellulose, and hybridized to either the pNbl N-myc probe (1) ora
c-myc—specific probe, as previously described (24). Sizes are shown in kilobases. (B) Immunoprecip-
itation from various cell lines with antisera directed against the bGH/N-myc fragments. Indicated lanes
are: (lane 1) LA-N-5 cell lysate and preimmune rabbit sera; (lane 2) LA-N-5 cell lysate and anti-bGH/
N-myc I, (lane 3) LA-N-5 cell lysate and anti-bGH/N-myc I; the antiserum had previously been
incubated for 30 minutes at 4°C with 10 ul of solution (1 mg/ml) of the bGH/N-myc I fusion protein;
(lane 4) LA-N-5 cell lysate and preimmune rabbit serum; (lane 5) LA-N-5 cell lysate and anti-bGH/N-
myc II; (lane 6) LA-N-5 cell lysate and anti—-bGH/N-myc II that had been preincubated with the bGH/
N-mye II fusion protein as above; (lane 7) LA-N-5 cell lysate and antiserum to bGH/N-myc II that had
been preincubated with bGH/N-myc I fusion protein as above; (lane 8) LA-N-5 cell lysate and anti—
bGH/N-myc II that had been preincubated with bGH alone as above; (lane 9) LA-N-5 cell lysate and
anti-bGH/N-myc III; (lane 10) LA-N-5 cell lysate and anti-bGH/N-myc IV; (lane 11) LA-N-5 cell
lysate and anti-bGH/N-myc V; (lane 12) LA-N-5 cell lysate and anti-bGH/N-myc VI; (lane 13) HL-60
cell lysate and preimmune serum; (lane 14) HL-60 cell lysate and anti-bGH/N-myc V; (lanes 15-17)
U251 cell lysate and anti-bGH/N-myc I, I1, and III, respectively; (lanes 18-20) HT-29 cell lysate and
anti-bGH/N-myc IV-VI, respectively; (lane 21) LA-N-5 cell lysate labeled with 32P-orthophosphate
SICN Biochemicals, Inc., Irvine, CA) and preimmune serum; (lane 22) LA-N-5 cell lysate labeled with
2P-orthophosphate and anti-bGH/N-myc I1. Total cellular lysates were labeled with [>*S]methionine
(unless otherwise specified), lysed, reacted with antisera, and analyzed as previously described (12, 25).

Sizes are shown in kilodaltons.

portion of the fusion protein, bGH alone
was added to the reaction mix. In no in-
stance did the bGH compete away the pre-
cipitation of the doublet protein. An exam-
ple of the bGH competition assay is shown
in Fig. 2B, lane 8.

The c-myc protein is similar in size (64—67
kD) and appearance (doublet) (I4) to the
N-myc protein. Like c-myc (14), the N-myc
protein is a phosphoprotein (Fig. 2B, lanes
21 and 22). Evidence that this was not the c-
myc protein, however, is provided by two
sets of data. First, the protein identified with
the anti-bGH/N-myc fusion antibodies was
found in cells (LA-N-5) that lack detectable
c-myc transcripts (Fig. 2A). Secondly, five of
the six antisera did not identify any specific
protein when used in immunoprecipitation
assays with lysate from the HL-60 cell line,
which is rich in c-myc transcripts (Fig. 2A),
indicating that they did not recognize the c-
myc protein (13). The antisera directed
against N-myc fragment V did recognize a
doublet of 64—67 kD in the lysate from HL-
60 cells on long exposure (96 hours) of the
immunoprecipitation radicautograph (Fig.
2B, lane 14). Comparison of the deduced
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amino acid sequence from this fragment of
N-myc and the analogous area in the c-myc
protein shows significant sequence homolo-
gy (10), which would account for the ability
of this antiserum to recognize the c-myc
protein. None of the antisera to bGH/N-myc
precipitated a protein of 62—-64 kD in the
control cell lines U251 and HT-29. Exam-
ples of these reactions are shown in Fig. 2B,
lanes 15-20. Thus, the data demonstrate
that the 62-64 kD protein is the N-myc—
encoded protein (p62—64~""°).

The level of N-myc protein synthesis in
LA-N-5 neuroblastoma cells was estimated
with an immunoprecipitation assay. A
known amount of [*S]methionine—labeled
whole cell lysate was treated with a combi-
nation of N-myc—specific antisera (anti—
bGH/N-myc II and IV) and the precipitated
proteins were then subjected to sodium
dodecyl sulfate—polyacrylamide gel electro-
phoresis. The p62—64™"" was eluted from
the gel, and the incorporated [**S] methio-
nine was compared to the total trichloroace-
tic acid—precipitable incorporation in the
lysate (12). Approximately 0.016% of the
total [*5S]- methionine incorporation in
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Fig. 3. Kinetics of N-myc turnover in LA-N-5
human neuroblastoma cells. Cells were labeled
with [**S]methionine for 60 minutes, washed,
placed in culture media containing 5 x 10*-fold
excess of unlabeled methionine, lysed, and ana-
lyzed by gel electrophoresis (12). The radioactiv-
ity associated with the 62-64 kD band at each
time point was eluted out of the gel (12) and
counted.

these cells was associated with the N-myc
protein. ‘

The kinetics of intracellular turnover of
p62-64N""¢ were determined by pulse-
chase labeling experiments. The half-life of
the p62—-64""¢ doublet was between 30
and 50 minutes (Fig. 3). Again, this feature
of the N-myc protein is shared with c-mye,
which has a half-life of 20 to 30 minutes
(14). The short half-lives of these two myc
proteins places them in a group of some of
the most rapidly metabolized proteins
known (I5).

To determine the subcellular localization
of p62—64N" each of the anti—N-myc sera
were used in immunocytochemical analyses
of LA-N-5 cells. By means of an indirect
immunoperoxidase staining procedure and
dilutions of N-myc antisera of 1:2000 to
1:4000, a strong staining reaction was not-
ed in the nuclei of the cells (Fig. 4A, panel
1). All cells showed nuclear staining; howev-
er, the intensity of the stain varied from cell
to cell, indicating heterogeneity in N-myc
protein content. While all six of the anti-N-
myc antisera recognized p62—64"""° in LA-
N-5 cells by immunoprecipitation assay,
only three of these sera stained the neuro-
blastoma cells histochemically (anti—N-msyc
II, III, and V). The fact that anti—-N-myc I,

‘IV, and VI did not react immunocytochemi-

cally could be due to fixative-mediated alter-
ations of the antigenic determinants to
which the non-reacting antisera are directed.
Alternatively, these regions of the protein
may be unavailable for recognition by the
particular antisera, due to interactions of the
antigenic regions with other cellular macro-
molecules or to the tertiary structure of N-
myc within intact cells. To determine the
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Fig. 4. (A) Immunoperoxidase staining of LA-N-5 human neuroblastoma and HL-60 human
promyelocytic leukemia cells with anti-N-myc sera. Nuclei of LA-N-5 cells (panel 1) reacted strongly,
whereas those of HL-60 cells (panel 2) did not react with anti-bGH/N-myc I1. In contrast, both LA-N-
5 cells (panel 3) and HL-60 cells (panel 4) were reactive with anti-bGH/N-myc V. Cultured cells were
placed onto coverslips by cytocentrifugation, fixed with 2% paraformaldehyde, treated with phenylhy-
drazine to block endogenous peroxidase, incubated with antisera (1:3000 dilution) for 18 hours, and
then reacted with biotinylated goat anti-rabbit serum followed by reaction with avidin-biotin-
peroxidase complexes. Bound peroxidase was visualized with diaminobenzidene/H;O; cells were not
counterstained; therefore, all staining was due to reaction between the primary antiserum and myc
proteins. (B) Subcellular and subnuclear localization of the N-myc protein LA-N-5 cells were
fractionated (12) into nuclear, cytoplasmic, and membrane fractions; each fraction was separately
analyzed by immunoprecipitation assay. Indicated lanes are: (lane 1) LA-N-5 cytoplasmic fraction and
anti-bGH/N-myc II; (lane 2) LA-N-5 membrane fraction and anti-bGH/N-myc II; (lane 3) LA-N-5
nuclear fraction and anti-bGH/N-myc II. Isolated, intact LA-N-5 nuclei were subfractionated (16) into
nucleoplasm, chromatin, and nuclear matrix components and analyzed by immunoprecipitation assay:
(lane 4) nucleoplasm and anti-bGH/N-myc II; (lane 5) nuclear matrix and antiserum to bGH/N-myc II;
(lane 6) chromatin and anti~bGH/N-myc I1. The small amount of N-myc protein visible in the cytoplasm
probably represents de novo synthesis; on the basis of histochemical staining, there was no accumula-

tion in the cytoplasm.

specificity of the cytochemical reaction, HL-
60 cells were used as a control. Two of the
three antisera (antibGH/N-myc II and III)
did not stain HL-60 cells, indicating speci-
ficity for the N-myc protein (Fig. 4A, panels
1 and 2). The antisera directed against N-
myc fragment V stained both LA-N-5 and
HL-60 cells (Fig. 4A, panels 3 and 4). As
with the immunoprecipitation data, the abil-
ity of this antiserum to immunocytochemi-
cally recognize both the N-myc and c-myc
proteins is probably due to the high degree
of homology between the two proteins in
this region.

The nuclear localization of the p62—
64N was confirmed by biochemical frac-
tionation of LA-N-5 cells into nuclear, cyto-
plasmic, and membrane fractions as de-
scribed (12). The majority of the N-myc
protein was within the nuclei of neuroblas-
toma cells, which was consistent with data
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obtained by immunocytochemical analysis
(Fig. 4B, lanes 1-3). Intact nuclei were then
fractionated into nucleoplasm, chromatin,
and nuclear matrix (16), and the fractions
were separately tested in immunoprecip-
itation assays with the anti—-N-myc II (which
is N-myc—specific). As has been reported for
c-myc (17), the majority of the N-myc pro-
tein was associated with the nuclear matrix
(Fig. 4B, lanes 4-6).

Finally, to evaluate if the N-myc antisera
had any clinical diagnostic potential, sec-
tions of primary human neuroblastoma tu-
mors were tested by immunohistochemical
techniques with anti—-N-myc II (at dilutions
of 1:2000 to 1:4000). Tissues from two
separate primary tumors were examined;
one from a patient with stage II disease, and
one with stage IV disease. In both cases,
there was intense and specific staining of
malignant neuroblasts, with virtually no

Fig. 5. Immunoperoxidase staining of untreated
neuroblastomas with anti-N-myc serum. Cryostat
sections were prepared and then stained with anti-
bGH/N-myc 11 as described in Fig. 4A; all staining
visualized is due to reaction of the primary antise-
rum with N-myc protein. (A) Nuclei of undiffer-
entiated neuroblasts stained strongly, whereas the
stromal area was nonreactive in the primary tu-
mor from a patient with clinical stage II disease
(localized). (B) Nuclei of undifferentiated neuro-
blasts stained strongly, whereas stroma and blood
vessels did not stain in the primary tumor from a
patient with clinical stage IV disease (widespread
metastases).

staining of the adjacent vascular or stromal
tissue (Fig. 5). The tumor from the patient
with stage II disease (Fig. 5A) was stroma-
rich, with nodular areas of undifferentiated
cells. This tumor contains one copy of N-
myc as measured by Southern blot analysis
(8). The tumor from the patient with stage
IV disease (Fig. 5B) consisted of predomi-
nantly undifferentiated neuroblasts with sur-
rounding vascular and stromal elements. It
has been shown to contain 200 copies of the
N-myc oncogene (8).

The intensity of histochemical staining in
these two tumors is equivalent, suggesting
similar levels of N-myc expression in both
specimens (even though one has marked
gene amplification). Recent studies with
small cell lung carcinoma show high levels of
N-myc RNA in cells with a single copy of N-
myc as well as those with amplified N-myc
(18). Taken together, these results indicate
that amplification of N-myc is only one
mechanism by which increased levels of N-
myc expression are achieved in human tumor
cells. Alternative mechanisms may involve
changes at the level of control of transcrip-
tion from single-copy genes.

Our data show that the N-myc and c-myc
proteins are of approximately the same size
[62—-64 kD (N-myc) and 64—67 kD (c-
myc)], as previously predicted (10), are pro-
duced as two protein species (doublet) sepa-
rated by 2—-3 kD, are phosphoproteins, are
localized to the nucleus of cells, are associat-
ed with the nuclear matrix, and have rela-
tively short half-lives. These data indicate -
that the N-myc and c-myc proteins constitute
separate members of the same proto-onco-
gene family. This is the second such family
to be identified, in that different members of
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the #as proto-oncogene family also encode
similar proteins with respect to size (p21),
localization (cytoplasmic membranes), and
biochemical properties (binding of guanine
nucleotides) (19). Functional studies done
with the c-mye protein have shown it to have
a binding affinity for DNA (17, 20). It
secems likely that N-mye also will have an
affinity for DNA, based on the numerous
basic amino acids found in its COOH termi-
nus. Antibody reagents generated to defined
regions of the N-myc protein such as those
described in this study could prove useful in
identifying functional domains.

In addition, antisera to N-myc may also
have potential clinical utility. The two N-
myc—specific antisera (IT and IIT) identified
for use in histochemical analyses in this
study proved to be highly specific for neuro-
blastoma cells. This could be useful in the
sometimes difficult task of differential diag-
nosis in patients having one of the small
round cell tumors of childhood. This group
of tumors includes neuroblastomas, neuro-
epitheliomas, Ewing sarcomas, rhabdomyo-
sarcomas, and lymphomas (21). The clinical
treatment of these tumors differs greatly;
neuroblastomas are not treated in the same
manner as lymphomas or Ewing sarcomas.

There is evidence that Ewing sarcomas and
neuroepitheliomas do not express apprecia-
ble levels of N-myc (22). This is also likely to
be true for rhabdomyosarcomas and lym-
phomas as they are not of neural origin.
Thus, a specific histochemically reacting
antibody for N-myc might be a possible
diagnostic reagent. Also, the intensity with
which neuroblasts are stained could prove
useful in identifying micrometastases in
nonprimary sites such as lymph nodes or
bone marrow. Finally, correlation of expres-
sion of amount of a given proto-oncogene
protein with ultimate disease prognosis may
be possible with an antibody reagent. Prece-
dent for this already exists with staining for
the 7as gene product in prostatic cancer (23).

The identification of the N-myc protein
and the generation of defined and specific
antisera to it should prove helpful in eluci-
dating the role of this gene in human malig-
nancies such as neuroblastoma and small cell
lung carcinoma.
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Activation of Mouse T-Helper Cells Induces
Abundant Preproenkephalin mRNA Synthesis

GERARD ZURAWSKI, MICHAEL BENEDIK,* BARKLEY J. KAMB,T
JouN S. ABRAMS, SANDRA M. ZURAWSKI, FRANK D. LEE

Antigenic or mitogenic stimulation of T cells induces the secretion of an array of
protein hormones that regulate immune responses. Molecular cloning has contributed
strongly to our present understanding of the nature of this regulation. A complemen-
tary DNA (cDNA) library prepared from a cloned concanavalin A—activated mouse T-
helper cell line was screened for abundant and induction-specific cDNA’s. One such
randomly chosen cDNA was found to encode mouse preproenkephalin messenger
RNA (mRNA). Preproenkephalin mRNA represented about 0.4 percent of the
mRNA in the activated cell line but was absent in resting cells of this line. Other
induced T-helper cell lines have 0.1 to 0.5 percent of their mRNA as preproenkephalin
mRNA. Induced T-helper cell culture supernatants have [Met]enkephalin-immunore-
active material. The production by activated T cells of a peptide neurotransmitter
identifies a signal that can potentially permit T cells to modulate the nervous system.

BLPER T CELLS CAN INDUCE B
Hcells to secrete antibody and can

stimulate monocytes, mast cells,
and cytotoxic T cells to divide or differenti-
ate. Such T cells, when activated by an
antigen or lectin, produce an array of secret-
ed proteins known as lymphokines, which
have immunoregulatory activities. Examples
of such proteins in the mouse immune sys-
tem are y-interferon (y-IFN), interleukin-2
(IL-2), interleukin-3 (IL-3), and granulo-
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cyte-macrophage colony-stimulating factor
(GM-CSE) (1).

Radiolabeling experiments have shown
that, on activation of resting T-helper cells,
about 15 percent of newly synthesized pro-
teins appear as secreted products (2). In
such experiments more secreted protein spe-
cles are detected than can be accounted for
by previously characterized lymphokines.
We reasoned that it was important to clone
and characterize genes encoding secreted

proteins of unknown identity in the hope
that they have an as yet undiscovered role in
T cell-mediated immune responses. We
used a complementary DNA (¢cDNA) li-
brary prepared from the messenger RNA
(mRNA) of concanavalin A (Con A)-in-
duced C1.Ly1"27/9 mouse T-helper cells
(3). When induced, this cloned T cell line
produces secreted activities that regulate the
growth and differentiation of lymphoid and
myeloid cells (4). The cDNA library was
probed with **P-labeled ¢cDNA prepared
from oligodeoxythymidine-primed poly(A)
mRNA from both resting and induced cells.
Approximately 10 percent of the clones
hybridized strongly with induced cell probe,
but not with resting cell probe. This report
describes the characterization of TY3, one
such randomly chosen clone.

Clones hybridizing to induction-specific
¢DNA clone TY3 accounted for about 0.4
percent of the total cDNA’s in the library.
Hybridization experiments with known
lymphokine probes established that TY3
¢DNA’s do not encode y-IFN, GM-CSF,
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