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Expression of a Zinc Finger Gene in HTLV-I- and 
HTLV-11-Transformed Cells 

Gene products encoded by the human T cell leukemia virus (HTLV) types I and I1 
mediate transformation by the transactivation of cellular genes necessary for prolifera- 
tion, probably including transcriptional regulatory factors. By searching for factors 
that may control proliferation, a zinc finger gene (225) was identilied that was 
constitutively expressed in all HTLV-I- or HW-11-transformed cell lines examined, 
whereas in normal T cells it was only transiently expressed after mitogenic stimulation. 
The 225 gene was also constitutively expressed in two HTLV-I-transformed helper T 
cell clones, but not in the parental cell Ges. Thus this putative cellular transcriptional 
factor, which was abnormally expressed in retrovirus-infected cells, may have a role in 
transformation. 

A CTrvATIoN OF RESTING PERIPHER- tion of genetically responsive genes that are 
a1 T lymphocytes by antigen or mi- essential to the proliferative response has 
togen initiates a cascade of sequen- been approached in our laboratory by clon- 

tial and interregulated transcriptional events ing inducible genes from a cDNA library 
that ultimately result in DNA synthesis, generated during the early stages of T lym- 
lymphocyte proliferation, and differentiated phocyte activation. More than 60 distinct 
immunologic function (1). The regulation gene transcripts representing genes activated 
of this actiiation program and the identifica- during the transition of quiescent (Go) cells 

through the early prereplicative (GI) stage 
of the cell cycle were identified. These tran- 
scripts presumably include transcriptional 
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Fig. 1. Kinetics of 225 expression in activated 
human peripheral T cells. (A) Northern blot 
analysis of total cellular RNA obtained at the 
indicated times after PHA and PMA stimulation 
of peripheral T lymphocytes. (B) Analysis of 225 
expression under same conditions as (A), except 
that cydoheximide was added at the time of 
activation with PHA and PMA. T lymphocytes, 
obtained from nylon wool column purification of 
peripheral mononudear cells, were resuspended 
in RPMI 1640 medium supplemented with 10% 
fetal bovine serum at a concentration of 1 x 106 
cells per milliliter. PHA (1 pglrnl), PMA (20 
nglml), and cycloheximide (10 pglml) were add- 
ed and portions were removed at the indicated 
times for extraction of total RNA with guanidine 
and phenol. Blots in both (A) and (B) contained 
10 pg of total cell RNA per lane and were 
hybridiid with probes from the 5' (nucleotides 
194 to 862) and 3' .(nucleotides 2779 to 3117) 
regions of the 225 cDNA. 

HTLV-I is the etiological agent of adult T 
cell leukemia (ATL) (3), and HTLV-I1 has 
been isolated from several patients with 
variant T lineage hairy cell leukemia (4,s). T 
cells transformed by these viruses resemble 
mitogen-activated lymphocytes. Initially af- 
ter infection in vitro with HTLV-I or 
HTLV-11, T cells are polydonally stimulat- 
ed (6). In addition, tumor cells from ATL 
patients, as well as T lymphocytes trans- 
formed in vitro with either of these viruses, 
display an activated T cell phenotype (7) 
that is characterized by expression of CD25, 
the a chain of the interleukin-2 (IL-2) re- 
ceptor. This cellular gene appears to be 
transactivated, at least in part, by the virally 
encoded Tax protein (8). Other lyrnpho- 
kines and growth factors that are expressed 
in HTLV-I-transformed cells may be tran- 
sactivated by viral genes; some of these may 
contribute to the uncontrolled proliferation 
of transformed cells (9). 

After mitogen induction, we most fre- 

quently isolated cDNAs representing a gene 
designated 225 from our subtractive T cell 
library (2) that was enriched for activated 
cDNAs. The induction kinetics of this gene 
were rapid. The 225 RNA transcripts were 
identified on Northern (RNA) blots within 
15 to 30 min after exposure of peripheral T 
cells to phytohemagglutinin (PHA) and 
phorbol myristate acetate (PMA) (Fig. 1A). 
The RNA expression peaked by 45 to 60 
min and decreased to undetectable levels by 
5 hours. Addition of the protein synthesis 
inhibitor cycloheximide to the stimulated 
cells resulted in a two- to fourfold superin- 
duction of 225 and a prolongation of elevat- 
ed expression beyond 4 hours (Fig. 1B). In 
addition to PHA and PMA, mitogenic 
monoclonal antibodies directed to the CD3 
or CD2 proteins (2, lo), antigen in the 
context of antigen-presenting cells, and 
PMA alone also stimulated 225 expression. 
A nearly full-length 225 cDNA sequence, 
based on its estimated size fiom Northern 
blots, is 3157 nucleotides in length. An 
open reading frame extending fiom nucleo- 
tides 249 to 1877 encodes a protein of 543 
amino acids with an unmodified molecular 
size of 56 kD (Fig. 2). The sequence con- 
tains three tandem zinc finger regions. Zinc 
finger motif3 have been identified in several 
eukaryotic proteins with transcriptional reg- 
ulatory activity; the zinc finger domains 
usually function as the nucleic acid-binding 
regions of these regulatory molecules. Each 
of the zinc fingers in the 225 gene contains 
paired cysteine and histidine residues that 
are believed to tetrahedrally complex a zn2+ 
ion and provide structural stability to the 
finger conformation (1 1). A nucleotide se- 
quence homology search indicated that gene 
225 showed a high degree of similarity 
(85% of the nucleotides and 91% of the 
amino acids) with a zinc finger+ontaining 
gene present in rat and mouse cells [desig- 

nated NGFI-A in rat, and egr-1, Krox-24, 
~$268, and tis8 in mouse (12)l; therefore, 
225 is likely to represent the human homo- 
log of these genes. With a mouse egr-1 
probe, the gene has been localized to the 
long arm of human chromosome 5 (13). The 
225 gene is also related to, but distinct from, 
the human gene egr-2 (homolog of the 
mouse gene Krox-20) (14). The high expres- 
sion in early activation and the sequence- 
specific DNA binding activity of the mouse 
homolog zif/268 (15) suggested that the 225 
gene may encode a transcription factor that 
participates in the early stages of T cell 
proliferation. 

The DNA-binding proteins are also a 
likely class of host cell regulatory molecules 
that HTLV-I or HTLV-I1 may use to effect 
the malignant transformation of lympho- 
cytes. Such cellular genes probably exist, 
since the viral genome does not indude a 
known transforming gene (1 6). Transactiva- 
tion of the 225 gene by these lymphotropic 
retroviruses would further support partici- 
pation of this protein in the regulation of T 
lymphocyte growth. We examined 18 
HTLV-I-infected cell lines that were from 
the peripheral blood of ATL patients or that 
were established after in vitro transforma- 
tion of peripheral lymphocytes or umbilical 
cord blood cells, four T cell lines from acute 
lymphocytic leukemia (ALL) patients, and a 
Sezary syndrome cell line (Fig. 3, A and B). 
All HTLV-I-transformed cell lines that we 
tested showed constitutive expression, at 
varying levels, of gene 225, whereas only 
one T cell line (HSB) among those exam- 
ined that were not transformed by HTLV-I 
expressed this gene. The ALL cells represent 
a more immature stage of T cell differentia- 
tion, whereas the HUT 78 cells have a 
similar post-thymic maturation phenotype 
as the ATL cell lines. Although 225 expres- 
sion correlated with the presence of Tax, 

Senne- and Ser~ne- and 
Fig. 2. Protein sequence for 225, glyclne rlch zinc finger prollne rlch 
deduced from the nucleotide se- area 

quence (21). The 225 cDNA was 
sequenced by the dideoxy chain- 
termination method with overlap 250 

1249 1501 1877 nt 
1 340 418 543 AA 

~ i n e  dones obtained fiom the sub- 
&a&velibraryorfromahzap 1  M A A A K A E M Q L M S p L Q l s D p F G s F P H s P T M 2 9  
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adenvlated mRNA obtained from ss P a A o  T G E a P Y E H L T A E s F P o I s L N N E K v L 116 

peridherd T lymphocytes and Jur- 117 V E T S  Y  P  S  Q  T  T  R L  P  P 1 T Y  T  G  R F  S  L  E P  A  P  N S  145 
146 G N T L W P E P L F S L V S G L V S M T N P P A S S S S A  174 

katcellsstirnulatedwithPHAand t, P S P A A S S A S A S Q S P P L S C A V P S N D S S P  I Y 203 
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~idefor2and4hours.Thefull , G D L G L G T P D Q K P F Q G L E S R T Q Q P S L T P L S  , 
length of both strands was se- z s ~  T I  K A F A T Q S G S Q D L K A L N T S Y Q S Q L  I K P S  319 
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and the eight amino acid serine- 494 s  v A T T Y s s  v P P A F P A a v s s F P s s A v T N s F 622 

and prolin;-rich repeats near the 523 S  A  S  T  G  L  S  D  M T A  T F  S  P R T  1 E I  C 543 

COOH-terminus. The amino acid sequence representing the three zinc fingers is underlined (22). 
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alternative pathways for 225 activation must 
exist, because this gene was expressed con- 
stitutively in at least one HTLV-I-negative 
T cell line (HSB). Two HTLV-11-trans- 
fhrmed cell lies, Mo-T (established from a 
variant hairy cell leukemia) and C-344 (a 
cord blood cell line transformed in vitro 
with HTLV-11) showed constitutive expres- 

HTLV-I transformed 

Fig. 3. Constitutive ex- 
prcssion of zinc finger C I 2 ," 
genc 225 by HTL\'-I- -- . 
or HTL\'-IIaansfomed 
ccll lines. (A) Northern 
blot of HTL\'-I-trans- 
formed cell h c s  and nss- 
HTLV-I-negative T I!m- 
p h o q ~ e  lines. FhL and 
MJ were established from 

4 
peripheral blood of ATL 18s- 

patients, \+,hereas the re- 
maining HTL\'-I-ms- 
formed ccll lines \\rre es- 
tablished 'after in v i m  
transformation of periph- 
eral I!mphoc\~es (MT-2, 81-66, and ECI) or cord 
blood cells (C91) with HTL\'-I. HTL\'-negative T 
cell lines include T-ALL cell Lines MOLT-3, 
,MOLT-4, CELM, and HSR m d  the S e w  s\n- 
drome cell tine HUT 78. (B) Northern blot analysis 
of additional HTLV-I-umsformed cell lines in- 
cluding ATL cells (PL, LIK, and h v i s )  or cell lines 
established after in \itro transformation \vith 
HTLV-I of peripheral I~mphoc\res (Dm 702, 
MT-4, and 6;I)  or cord blood cells (PO38 and 
C145). (C) Northern blot showing constitutive 
expression of 225 by HTL\'-I1 ccll lines Mo-T, 
Mo-R, and C-344. The Mo-R lane contained less 
RNA than the other lanes. All HTLV-I and 
HTLiT-I1 cell lines in (A). (R), and (C) except MT- 
2, HUT 102, C91, and Mo-B \!,ere cultured in 
media supplemented with recombinant IL-2 (10 to 
100 Ulml). 

sion of gene 225 (Fig. 3C). The Mo-B cell 
l ie ,  derived from the same patient as Mo-T, 
contains both Epstein-Barr virus (EBV) and 
HTLV-I1 genomes and also expressed 225 
(Fig. 3C) (5). 

To explore further the relation between 
HTLV-I transformation and 225 expres- 
sion, we assessed two paired T cell clones 
that included two parental nontransformed 
clones and their HTLV-I-transformed 
counterparts (Fig. 4). The parental clones 
were CD4' helper T cells (TM5 and TM11) 
with specificity for tetanus toxoid. These 
clones were established from a normal do- 
nor and required periodic antigen stimula- 
tion for growth. Cultivation of TM5 and 
TMll  with irradiated HTLV-I-producing 
cells generated transformed cell lines that 
carried HTLV-I proviral genomes and pro- 
liferated independently of antigen exposure 
(TM5H and TM11H) (17). The parental 
uninfected cell lines transiently expressed 
225 after mitogenic stimulation of resting 
cells, but otherwise did not constitutively 
express the 225 gene. In contrast, the 
HTLV-I-transformed companion cell l i e s  
constitutively expressed high levels of the 
225 gene. In additional experiments, the 
225 gene expression was activated after 
transformation of human cord blood lym- 
phocytes by a Herpesvirus saimiri vector carry- 
ing the HTLV-I Tax and Rex transactivat- 
ing proteins, and 225 was concomitantly 
activated in permanently transfected cell 
lines stimulated to make the Tax protein 
(18). 

Fig. 4. Activation of 225 gem expression after 
HTLV-I transformation of antigen-dependent T 
cell helper clones TM5 and TM11. Quiescent 
TMll  cells (lane 1); T M l l  cells 4 days after 
exposure to syngeneic antigen-presenting cells 
(APC) and two limiting flocculation units of 
soluble tetanus toxoid (TT) in the presence of IL- 
2 (lane 2); TMll  cells 1 hour (lane 3) and 4 
hours (lane 4) after antigenic stimulation; TMll  
cells 1 ,4 ,  or 18 hours after mitogenic activation 
with PHA and PMA (lanes 7,8, and 9, respective- 
ly); TMll  cells and cycloheximide (CHX) in the 
presence of TT and APC for 4 hours (lane 5) or 
with CHX only (lane 6); I3TL.V-I-transformed 
TM5 and TMll  (TM5H and TM11H) cells 
(lanes 10 and 11, respectively). 

Although the biologic function of 225 is 
not known, its sequence-specific DNA bind- 
ing activity (19, & potenual transactivating 
regions (19), and its expression pattern sug- 
gest a regulatory role in gene expression 
after a proliferative signal to the cell. The 
225 gene represents the single known exam- 
ple among transcription factors whose 
mRNA expression is activated in all HTLV- 
1- and HTLV-11-transformed cells exam- 
ined. Of course, other nuclear regdatory 
factors may be &&xed. It has been shown 
that the promoter for the transcription factor 
c+ can be transactivated by Tax in transient 
aansfection experiments and that the preexist- 
ing NF-KB fictor is released fkom a cytoplas- 
mic inhibitor in Tax-expressing cells and in 
some HTLV-I-donned lines (20). Our 
data suggest that the deregulated expression 
of 225 may contribute to retrod-mediated 
malignant andormat ion .  
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In Vivo Receptor-Mediated Phosphorylation of a 
G Protein in Dictyostelium 

Extracellular adenosine 3',5'-monophosphate (CAMP) serves multiple roles in Dictyo- 
stelium development, acting as a chemoattractant, a cell-cell signaling molecule, and an 
inducer of differentiation. The Dictyostelium G-protein a subunit Go12 appears to be 
the major transducer linking the surface cAh4P receptor to these intracellular respons- 
es. On stimulation of cells with CAMP, Ga2 is phosphorylated on one or more serine 
residues, resulting in an alteration of its electrophoretic mobility. Phosphorylation of  
Ga2 is triggered by increased occupancy of the surface cAMP receptor and is rapid and 
transient, coinciding with the time course of activation of physiological responses. 

T RANSDUCTION OF A CAMP SIGNAL peptide antibody (5 ) .  Ga2 normally mi- 
in Dictyostelium through the cell-sur- grates as a 40-kD band during SDS-poly- 
face CAMP receptor triggers multiple acrylamide gel electrophoresis (SDS- 

responses in the cells (1). The cAMP recep- PAGE). However, Ga2 underwent a tirne- 
tor-contains seven transmembrane domains, dependent transition in electrophoretic mo- 
a characteristic of G protein-linked recep- bility after application of the CAMP stimulus 
tors, such as rhodopsin and the p-adrenergic (Fig. 1). The reduced mobility form of Ga2, 
receptor (2, 3). A G-protein a subunit from with an apparent size of 43 kD, appeared 
Dictyostelium, Ga2, was determined to be the after 20 s and peaked after 1 to 2 min. The 
major transducer in this pathway by exami- transition in mobility was transient; the 
nation of the Frigid A complementation reduced mobility form returned almost 
group (4, 5). These variants, which fail to completely to thk original form within 15 
carry out chemotaxis, increase inuacellular min (Fig. 1A). 
CAMP or guanosine 3',5'-monophosphate The following observations suggest that 
(cGMP) concentrations, or differentiate (6), the CAMP-induced change in Ga2 mobility 
contain point mutations (7) or deletions in is induced by an increased occupancy of the 
the Ga2 gene (5). Because Ga2 is an essen- surface CAMP receptor. (i) The mobility 
tial component in the pathway, we investi- transition of Ga2 is a response that adapts. 
gated whether it undergoes covalent modifi- Many CAMP-induced responses, such as the 
cation during CAMP stimulation. activation of adenylyl and guanylyl cyclases, 

To examine the Ga2 protein during the adapt after several minutes of constant expo- 
course of cAMP stimulation, we analyzed sure to cAMP (8). Removal of cAMP results 
samples on irnmunoblots with a specific in resensitization of the svstem (9). After 15 

Department of Biological Chemisay, Johns Hopkins mln ln CraL naa preaoml- 
University School of Medicine, Baltimore, MD 21205. nantly to the prestimulus form (Fig. 1A). A 

Fig. 1. Transient, receptor-mediated Ga2 modifi- 
cation. (A) Time course of Ga2 mobility shift in 
intact cells. Lanes 1 to 8 correspond to sampling 
times of 0, 20 s, 40 s, 1 min, 2 min, 5 min, 10 
min, and 15 rnin after the addition of 1 pM 
cAMP to basal state cells. (B) The effect of a 
second addition of CAMP. (Lane 1) Cells were 
exposed to 1 pM cAMP for 15 min, after which a 
second addition of 1 pM CAMP was made. The 
cells were sampled after a hrther 1 min. (Lanes 2 
and 3) Cells were exposed to 1 pM CAMP for 5 
min then washed free of CAMP, placed into fresh 
medium, and incubated for 10 min without 
cAMP (lane 2) and then restimulated with 1 pM 
cAMP for 1 min (lane 3). In both (A) and (B) 
cultures of 2 x lo7 cells per milliliter were al- 
lowed to differentiate in DB (5 mM Na2HP04, 5 
rnM KH2P04, 2 mM MgC12, and 0.2 mM CaC12) 
as described (18). After 5 to 6 hours, cells were 
resuspended at a density of 5 x lo7 cells per 
milliliter in DB containing 2 mM caffeine, which 
blocks the natural CAMP oscillations (19). Cells 
were shaken for 20 to 30 min to allow complete 
removal of endogenous CAMP and to allow the 
system to reach a basal state. Before the addition 
of CAMP, 10 mM dithiothreitol was added to 
inhibit extracellular phosphohesterases (20). At 
the indicated times, cells were added to boiling 
SDS-sample buffer and subjected to SDS-PAGE 
as described (21), except that gels contained 
0.033% SDS to improve separation of the Ga2 
bands. Immunoblots were performed as follows: 
Gels were transferred to nitrocellulose (22), and 
after blockage of nonspecific sites with 3% bovine 
serum albumin (BSA), were incubated with anti- 
serum to a peptide corresponding to the NH2- 
terminal of Ga2 (5). Bands were visualized with 
'251-labeled protein A. 

second addition of the same amount of 
CAMP did not induce a second change in 
Ga2 mobility (Fig. lB, lane l ) ,  unless the 
CAMP stimulus was first removed and a 
recovery period allowed (Fig. lB, lanes 2 
and 3). (ii) The CAMP dose-response of the 
transition in Ga2 mobility is similar to other 
responses coupled to the cAMP receptor; 
alteration in Ga2 mobility is induced by 
nanomolar CAMP and saturated at 200 to 
500 nM CAMP (10, 11). (iii) In cell lines 
transformed with CAMP receptor antisense 
sequences, which do not express CAMP re- 
ceptors during development (3) but do ex- 
press Ga2, there is no CAMP-induced alter- 
ation of Ga2 (Fig. 2). 

The receptor-mediated transition in Ga2 
e l e~ t ro~ho~e t i c  mobility suggested that the 
protein undergoes a reversible, covalent 
modification, such as phosphorylation. We 




