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Expression and Characterization of the Trans- 
Activator of HTLV-IIILAV Virus 

The human T-lymphotropic retrovirus HTLV-IIILAV encodes a tram-activator that 
increases viral gene expression. We expressed this tram-activator in animal cells and 
studied its structural and functional characteristics. The putative tram-activator 
protein was imrnunoprecipitated from overproducing stable cell lines and shown to 
migrate as a 14-kilodalton polypeptide on sodium dodecyl sulfate-polyacrylamide gels. 
S1 nuclease mapping experiments showed that the tram-activator increases the levels 
of steady-state messenger RNA transcribed from the viral long terminal repeat 
promoter. Sequences within the R region of the HTLV-IIILAV long terminal repeat 
are essential for trans-activation. Quantitations of messenger RNA and protein 
showed that the protein increase was greater than the messenger RNA increase in CVl 
and HeLa cells, indicating that more than one mechanism was responsible for the 
tram-activation and that cell type-specific factors may determine the final level of 
tram-activation. 

T HE HUMAN RETROVIRUS HTLV- 
IIIILAV [or human immunodefi- 
ciency virus (HIV) ( I ) ]  is the etio- 

logic agent of acquired immune deficiency 
syndrome (AIDS) (2-4). Elucidation of the 
molecular structure of the virus (5) revealed 
that it is related to lentiviruses, such as visna 
virus (6). In addition to the three genomic 
retroviral regions ~ a 5 ,  pol, and env, all the 
AIDS virus isolates contain additional read- 
ing frames that encode proteins of mostly 
unknown function. One genomic region 
necessary for the activation of the HTLV- 
IIIILAV long terminal repeat (LTR) has 
been identified. Complementary DNA 
(cDNA) clones and deletion mutants of the 
virus were used in cotransfection experi- 
ments to identify the genomic region that 
encodes the trans-activator (7, 8).  The geno- 
mic region was called the tat-I11 gene and 
was proposed to encode a transcriptional 
trans-activator of the HTLV-IIIILAV virus 
(8). Within this genomic region, an open 
reading frame ( O m )  is conserved in all of 
the viral isolates that have been sequenced to 
date. Cotransfections of cell lines with plas- 
mids containing this intact ORF for the 
putative trans-activator protein increased 
the amounts of chlorarnphenicol acetyltrans- 
ferase (CAT) produced from the LTR pro- 

moter in transient expression assays (7, 8). 
Substantial evidence indicates that the pro- 
tein product of this conserved reading frame 
is the trans-activator of HTLV-IIIILAV. 
The cDNA clones and deletion mutants that 
destroy the reading frame are negative, 
whereas all the constructs that contain the 
conserved ORF are positive in trans-activa- 
tion assays (7, 8).  We have identified the 
protein product of the tat-I11 O W .  Since 
the mode of action of this protein is not yet 
clear, we refer to this putative trans-activator 
as TA-111. Here we demonstrate that the 
trans-activator increases the steady-state lev- 
el of messenger RNA (mRNA) transcribed 
from the viral LTR promoter as well as the 
level of the produced protein. Quantitative 
comparisons indicate that the level of pro- 
tein increases more than can be accounted 
for by the mRNA levels. 

Three types of vectors were used for the 
expression of the trans-activator of HTLV- 
IIIILAV in animal cells (Fig. 1). A bovine 
papilloma virus (BPV) vector was construct- 
ed containing a Sal I-Xho I fragment from 
either of two HTLV-IIIILAV proviral 
clones [pHXB2C or pBHlOR (9, lo) ]  next 
to the mouse metallothionein-I (rnMT-I) 
promoter. This construct (pB2MX3) was 
introduced into mouse C127 cells by the 

calcium coprecipitation technique (1 1).  
Two days later the cells were placed in 
medium containing 10 rn CdC12 to select 
for cells resistant to cadmium because of 
overproduction of human metallothionein 
(hMT) encoded by the vector. Cadmium- 
resistant colonies were cloned and main- 
tained in Dulbecco's modified Eagle's medi- 
um with 10% fetal calf serum and 20 pJ4 
CdCl*. Independent cadmium-resistant cell 
lines were assayed for the presence of the 
HTLV-IIIILAV trans-activator. A conve- 
nient functional assay (Fig. 2A) was used to 
screen 22 cell lines for the presence of 
hct ional  trans-activator expressed from the 
mMT-I promoter. Cells were transfected 
with plasmid pL3CAT (Fig. lB), which 
contains the LTR promoter of HTLV-1111 
LAV that transcribes the bacterial CAT gene 
(12). CAT assays on 2 of the 22 cell lines 
(CB2MX3-23 and CB2MX3-24) are shown 
in Fig. 2A. All 22 cell lines selected on the 
basis of cadmium resistance stimulated the 
production of CAT at levels 40 to 300 times 
those of cell lines that contained only the 
BPV vector. Clones CB2MX3-2, CB2MX3- 
23, and CB2MX3-24 were selected for fur- 
ther analysis. The induction of CAT produc- 
tion in these cell lines compared with con- 
trol CBMG7-4 cells were 300-fold, 100- 
fold, and 300-fold, respectively. 

To identify the expressed protein, we 
labeled CB21W3-2 cells with [35S]cysteine 
for 1 hour, lysed them in RIPA buffer (Fig. 
3), and the cellular extracts were immuno- 
precipitated with sera from AIDS patients 
or a rabbit antiserum to the tat-I11 ORF 
expressed in bacteria (13) (Fig. 3). The 
putative trans-activator protein was 
irnmunoprecipitated as a 14-kilodalton (kD) 
protein by the rabbit antiserum. The dis- 
crepancy between the predicted molecular 
weight of 10 kD (7) and the observed 
migration on SDS gels could be caused 
either by post-translational modifications or 
by anomalous migration due to the basic 
nature of this protein. Sera from three AIDS 
patients used in the same assay were not able 
to imrnunoprecipitate the 14-kD protein 
under the same conditions. However, other 
studies have shown that sera from some 
AIDS patients recognize this 14-kD protein 
(13, 14). A higher molecular weight band of 
26 kD was also present in some immunopre- 
cipitations. 

The BPV construct as well as expression 
vectors based on simian virus 40 (SV40) 
(Fig. 1) were also used for the transient 
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expression of the trans-activator protein af- 
ter transfection of mouse NIH 3T3 and 
C127 and monkey CV1 cell lines (Fig. 2). 
In these cell lines, we observed a 20- to 50- 
fold increase in levels of CAT in the presence 
of trans-activator-producing plasmids. 
Since the Sal I-Xho I fragment of HTLV- 
IIIILAV (Fig. 1) has the potential to express 
other ORF's (such as env products) in addi- 
tion to the tat-I11 ORF, we constructed 
plasmids that contained smaller viral frag- 
ments (Fig. 1). Plasmid pMX3Bneo con- 
tains a Sal I-Barn H I  fragment, and 
pMX3Nneo contains a Sal I-Nde I frag- 
ment. Alternatively, a retroviral vector, 
pGVl (15), was used to express the trans- 
activator (Fig. 1).  All of these vectors en- 
coded functional trans-activators as deter- 
mined by the activation of pL3CAT after 
cotransfection in CV1 cells. Since all the 
HTLV-IIIILAV fragments in the various 
vectors gave similar results in the trans- 
activation assay, we conclude that the Sal I- 
Nde I fragment, which contains only the 
first coding exon of the trans-activator pro- 
tein, is able to produce fully functional 
trans-activator. There are no other known 
viral proteins encoded in the Sal I-Nde I 
fragment of the AIDS virus except for the 

Fig. 1. (A) Construction of plasmids for the 
expression of HTLV-IIIILAV trans-activator. 
The ORF's encoding known proteins of the 
AIDS virus, including the two coding exons of 
the trans-activator protein, are indicated at the top 
(7). The plasmid pHXB2C is a complete HTLV- 
IIIILAV proviral clone that produces infectious 
virions when transfected into normal human T 
cells (9). A Sal I-Xho I fragment (nucleotides 
5365 to 8473) inserted into the BPV vector 
pBMT2X under the control of the mMT-I pro- 
moter resulted in plasmid pB2MX3. Vector 
pBMT2X contains the hMT-IA gene and the 
mMT-I gene with a unique Xho I site within the 
5' untranslated region of the mMT-I gene. After 
transfections, cells that replicate the BPV vector 
are transformed and resistant to toxic concentra- 
tions (20 to 80 a) of cadmium. Plasmids 
pMX3Bneo and pMX3Nneo contain a Sal I-Bam 
HI fragment (nucleotides 5365 to 8051) and a 
Sal I-Nde I fragment (nucleotides 5365 to 5979), 
respectively, next to the mMT-I promoter. In 
addition, these plasmids contain a fragment of 
plasmid SV2ne0, which consists of the SV40 
early promoter-enhancer region and the bacterial 
gene encoding neomycin (neo) resistance (24). 
Plasmid pGV TA-111, a derivative of pGVl (IS), 
contains the murine sarcoma virus (MSV-HT-I) 
LTR and viral packaging signal, the pBR322 
origin of replication, the SV40 origin of replica- 
tion and early promoter, neo, and a Sal I-Barn H I  
fragment from HTLV-IIIILAV (nucleotides 
5365 to 805 1). The wavy lines represent pBR322 
sequences. All these constructs directed the syn- 
thesis of fbnctional trans-activator as determined 
by CAT assays upon transfection into animal cells. 
(B) Deletion mutants of HTLV-IIIILAV LTR. 
The HTLV-IIIILAV LTR is represented by a 
box. A dot represents the TATA box, and a 
triangle the polyadenylation site. CAT construct 
pL3CAT contains a Bam HI-Hind I11 fragment 

Table 1. Induction of expression in LTR constructs. 

LTR 
construct 

Activator* Induction 

- + CAT mRNA 

pL3CAT 1 t 38 38x (11)$ l l x  (5) 
pL31CAT (A3' + 38) 2 3 
pL32CAT (A3' + 25) 3 4 

1 x  (6) 2 x  (1) 

pA5'-91L3CAT 0.6 28 46x (5) l o x  (2) 
1 x  (8) 

pA5'- 33L3CAT 0.4 0.4 l x  (4) l x  (2) 

Stable cell line HL3T1 I I 680x (4) 19x (2) 

*Activator was expressed in the cells bv cotransfections of different producing plasmids (Fig. 1A). No difference was 
detected among these various constru&s. tFor comparisons, the level of expression of L3CAT in the absence of 
activator was assigned the value of 1. The results represent the average of 4 to 11 trans5)ections in CV1 cells with 
different DNA preparations. CAT assavs were quantitated bv liquid scintillation counting. The mRNA levels represent 
the average of one to five experiments. Two methods were used to quantitate the 1 nuclease mapping results: 
densitomeq scanning and comparisons of different amounts of RNA under conditions in which the S1 nuclease 
mapping assay gave hnear results. *Numbers in arentheses represent the numbers of experiments used for the 
calculation of relative expression, llThe stable HeLa cell line HL3T1 contains integrated co ies of pL3CAT. The 
cells were transfected with either a h.anr-activator-producing plasmid or a control plasmid, and f4  hours later the cells 
were analyzed by S1 mapping and CAT assays. 

first coding exon of the putative antirepres- 
sor of translation (art) gene product, which 
has been mapped by deletion mutagenesis 
(1 6). Therefore, these results suggest that 
the trans-activator can activate the LTR in 
the absence of a functional art product and 
possibly in the absence of any other viral 
protein. 

To further characterize the interaction 
between the LTR and the trans-activator of 

HTLV-IIIILAV, we constructed deletion 
mutants of the HTLV-IIIILAV LTR. Some 
of the mutants characterized by sequencing 
are shown in Fig. 1B. A 5' deletion to 
nucleotide -91 ( + 1  is the transcriptional 
start site) is activated to a similar level as 
pL3CAT in the presence of the trans-activa- 
tor (Fig. 2 and Table 1).  Deletion to nucleo- 
tide -33 eliminated inducibility and severe- 
ly affected the basal level of the expression. 

A I PO' I I env 1 
I 9% lSORl 0 0 

TA-Ill 3' ORF 
TA-Ill 

B 
1 < LI 

SVneo 

-N 

of HTLV-IIIILAV inucleotides - 1068 to +83) 
ligated to the CAT gene. pA5'-91 L3CAT con: 
tains the region -91 to +83. pA5'-33 L3CAT 
contains the region -33 to +83. pL31CAT 
contains the region -1068 to +38. pL32CAT 
contains the region -492 to +25. At the right 
side of the figure, + and - indicate the abilini of 
the LTR constructs to be activated in the presence 
of the trans-activator as assessed by CAT assays 
and S1 nuclease mapping experiments. A hatched 
box represents the uniformly labeled probe used 
in the S1 nuclease experiments (nucleotides -18 
to +83). Abbreviations: SOR, short open read- 
ing frame; TA-111, trans-activator coding se- 
quences; 3' OW, 3' open reading frame; SD, 
splice donor; SA, splice acceptor; hMT, human 
metdothionein IA gene; mMT, mouse metal- 

B B~ SaH Trans- 
BHBcl 

U3 . 
. I(,: u,,activat~on 

kB9S1 probe 

+38 
L3lCAT iii CAT - 

+25 
L32CAT I CAT 

lothionein I gene; SVneo, SV4Oneo transcription 
unit; B, Bam HI; Bg, Bgl 11; E, Eco RI; H, Hind 
111; N, Nde I; S, Sal I; Sa, Sac I; X, Xho I. 
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Fig. 2. CAT assays after transfcctions of the LTR-CAT consauas in animal &. CAT-prod 
plasmid (10 pg) was mixed with 10 pg of truiu-activator-producing plasmid when appropriate. a 
cases, the total amount of t r a n s f d  DNA was brought to 35 pgml with plasmid DNA or salmon 
sperm DNA. (A) Transfcctions of pL3CAT into stable dl lines. Two mouse lines producing r*anr- 
advator, CB2MX3-24 and CB2MX3-23, and one control cell line CBMG7-4 (25) that contains a BPV 
vector without any HTLV-IIILAV sequences were tmndected with 10 of pL3CAT per milliliter. 
(B) CAT assays afkr cotransfedons of 10 pg of pL3CAT per milliliter with 10 pg of hanr-activator- 
producing plasmids pHXB2C and pB2MX3 per milliliter. (C) Analysis of 5' deletion mutants (10 
pg/ml) in the presence (+) or absence (-) of 10 p g  of tmm-activator-producing plasmid per milliliter. 
(D) Transfedon of one pool of colonies of HeLa cells that contain integrated copies of pL3CAT after 
selection with G418. -, Cells transfected with salmon sperm DNA; +, cells transfected with 10 pg of 
the bans-activator-producing plasmid pMX3Nneo per milliliter. Two similar pL3CAT constructs, 
pL3CATt and pL3CATc, used throughout these experiments gave similar results. 

The 3' deletions of R region sequences to 
nudeotide +38 or to nudeotide +25 elimi- 
nated activation in the presence ofthe trans- 
activator protein (Table 1). The smallest 
hgment of the LTR identified by deletion 
mutagenesis to be activated by the trans- 
activator was between nucleotide -91 and 
+83. We d u d e  that the HTLV-III/L,AV 
tram-activator requires sequences within the 
R region for appropriate function. Similar 
results have been obtained after transfec- 
tions of a series of deletion mutants in H9 
cells infected with HTLV-IIULAV (1 7). 

To examine the effect of the trm-activa- 
tor on the mRNA transcribed from the LTR 
of HTLV-IIULAV, LTR-CAT constructs 
were transfected into CV1 cells in the pres- 
ence or absence of trm-activator-produc- 
ing plasmids. One or two days later, total 
RNA was isolated and analyzed by S1 nucle- 
ase mapping (18) through the use of a probe 
spanning the. aanscriptional initiation site of 
the AIDS virus mRNA (Fig. 1B). In the 
presence of the tram-activator protein, CV1 
cells contained approximately ten times as 
much mRNA initiated at the correct cap site 
of the virus as did cells without trans-activa- 
tor (Fig. 4 and Table 1). Comparison of the 
levels obtained for mRNA and CAT in 
parallel experiments (Table 1) indicate that 
the increase in mRNA can account only 
pamally for the increased levels of CAT. 

To verify that the results of the S1 map- 
ping experiments were not influenad by the 
CAT gene sequences ligated to the LTR 
promoter, two additional constructs of the 
LTR promoter were transfected in CV1 

cells in the presence or absence of the trans- 
activator, and the extracted mRNA was 
quantitated by S1 mapping. The first con- 
struct, pL3TPA, contained sequences of the 
human tissue plasminogen activator gene. 
The second construq pCCMV, is a deletion 
mutant of the HXB2C provirus done that is 
missing nuclcotides 2198 to 8473. These 
constructs gave results similar to those ob- 
tained with the pL3CAT plasmid, demon- 
strating that mRNA levels are not influ- 
enced by the nature of sequences ligated to 
the viral LTR. In addition, the results with 
pCCMV show that the presence of the 
complete R and U5 region of the viral LTR 
and of the gty region do not affect the 
activation. 

To verify that the amount of mRNA 
measured by S1 mapping reflects the IeveIs 
of intact polyadenylated mRNA, we elearo- 
phoresed total or oligodT-selected RNA 
from transfected CV1 cells on 1% agarose 
gels under denaturing conditions. The RNA 
was transferred onto nitrocellulose and hy- 
b r i W  to a nick-translated CAT probe 
(Fig. 5). A band of approximately 1.6 kilo- 
bases (kb) hybridized specifically to the 
probe as expected for the correctly spliced 
and polyadenylated CAT mRNA. This band 
was more prominent after oligodT enrich- 
ment, indicating that it represented polya- 
dcnylated RNA. Furthermore, this RNA 
band was greatly increased in the presence of 
the HTLV-IIIILAV tram-activator. These 
experiments show that the full-length, poly- 
adenylated CAT mRNA is increased in the 
presence of the tranr-activator. 

To determine whether the HTLV-III/ 
LAV LTR behaves similarly when integrat- 
ed into the cellular DNA, we constructed 
HeLa cell lines containing integrated copies 
of the pL3CAT plasmid. For this, HeLa 
cells were cotransfected with plasmids 
pL3CAT and pSV2neq (318-resistant col- 
onies were obtained, and pools of approxi- 
mately 200 colonies were t ransfad  either 
with salmon sperm DNA as a control or 
with a trans-activator-producing plasmid. 
Pooled colonies transfected with the tram- 
activator-producing plasmid expressed 11 
to 48 times as much CAT as pools transfect- 
ed with control DNA (Fig. 2D). Thus, the 
HTLV-III/LAV LTR-CAT ~011structs be- 
haved similarly in both the episomal and 
integrated states. Individual colonies of 
(3418-resistant HeLa cells were cloned and 
examined for the presence and inducibility 
of thc pL3CAT construct. Results obtained 
with a representative cell line, HL3T1, are 
shown in Table 1. The mRNA measure- 
ments after S1 mapping and parallel mea- 

Fig. 3. Imrnuno reci itation of the truiu-activa- 
tor of HTLV-&'~ from an overproducing 
cell line. Cell line CB2MX3-2 was labeled for 1 
hour with 200 pCi of [35S]cysteine per milliliter 
of cysteine-k Dulbecco's d e d  Eagle's me- 
dium. Cells were lysed in RIPA buffer [50 mM 
tris-HC1 (pH 7.4), 150 mM NaCI,.l% Triton X- 
100, 1% sodium deoxycholate, 0.1% SDS], and 
the cell lysates were immunoprecipitated with 
either normal human (lane l), normal rabbit (lane 
2), rabbit immune (lane 3), or human AIDS 
patient RJ-7 (lane 4) senun. The immunoprecipi- 
tated proteins were subjected to elecaophoresis 
on 10% SDS-polyacrylarnide I, and the gel was 
soaked in a IM solution of durn salicylate (26), 
dried, and subjected to fluorography at -70°C. 
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surements of CAT showed +at thcx cell 
lines were inducible by a factor of 10 to 20 
at the level of mRNA and a factor of 300 to 
800 at the level of protein (Table 1). There- 
fore, in thcx HeLa clones the levels of 
induction of mRNA and of protein are more 
discrepant than they are in CV1 cells. More 
than one mechanism must be involved in the 
tram-activation of HTLV-IIVLAV virus, 
and cell type-specific factors may determine 
the tinal level of tram-activation. 

To understand the regulatory mechanism 
of the AIDS vim,  it will be necessary to 
characterize in detail the mechanism of both 
basal and induced expression in &rent cell 
types. The LTR promoter of the AIDS virus 
seems to function in a number of cell lines in 
the absence of tram-activator, as measured 
by CAT assays. Substantial amounts of cor- 
rectly initiated mRNA are detected by S1 
nuclease mapping after transfections in CV1 
and HeLa cells. This result conuasts with 
those achieved w t h  the LTR promoter of 
HTLV-I virus, where, in the absence of the 
specific uanscriptional activator TA-I, no 
correctly initiated mRNA could be detected 
by S 1 nudeasc mapping (19). One element 
that may conmbute to the basal level of 
cxpression in vivo is the three Spl binding 
sites between positions -46 and -77. 
Thcx sites are important for the basal level 
expression of the promoter in vitro (20). In 
the presence of the AIDS virus mm-activa- 
tor, a 10- to 20-fold increase at the level of 
correctly initiated mRNA can be detected by 
S1 nuclease mapping in CV1 and HeLa 
cells. This increase is not detected wi& 
mutants pA5' - 33L3CAT, pL31CAT, and 
pL32CAT. These characteristics may be the 
result of transcriptional activation of the 
LTR promoter, stabilization of the mRNA, 
or both. Direct measurements of RNA poly- 
merase density by nuclear runoff cxperi- 
ments and of mRNA half-life are necessary 
to distinguish between thex possibilities. 
Reports regarding the level at which regula- 
tion of tram-activation is exerted are in 
conflict (1 7,21). Rosen ct d (21 ) reported 
similar amounts of mRNA in the presence 
and absence of tranr-activator, which differs 

Fig. 4. S1 nudeasc protection analysis. Monkey CV1 cells were r r a n s f d  with plasmid DNA. The 
total amount of DNA was kept constant at 35 pg!$ in all rransfcctions. After 24 hours, total RNA was 
isolated (27). In lanes 1 to 8, different amouna of RNA wcre hybridized with' a uniformly labeled 
singk-stranded DNA probe spanning the transcriptional stan site of the IfTLV-IIYLAV (nudeotides 
- 18 to +83) (Fig. 1B). After ueatmcnt with S1 nuclc+c (IS), the protected fragments were rrsolved 
on a 6% acrylamidc-&ll urea gel. Lancs arc M, molecular weight mailtck (+X 174 DNA digested with 
Hinf I); the size of the markers in nudeotides is indicated to the Icfi; P, undigested, uniformly labeled 
probe. 1,3 pg of RNA from cclls nahsfmed with pL3CAT (10 pg/rnl); 2,30 pg of RNA from cells, as 
in lane 1; 3.3 pg of RNA from cells couansfcaed with pL3CAT (10 ps/ml) and pB2MX3 (10 pg/ml), 
a plasmid producing functional muu-activator; 4,30 pg of RNA from cclls as in lane 3; 5 ,3  pg of RNA 
isolated from H9 cells (4); 6, 30 pg of RNA from cells as in lane 5; 7,3 pg of RNA from H9 cells 
infected with H T L V - I I U V  vim; and 8,30 pg of MA from cells as in lane 7. 

from our results (Fig. 4). Increased mRNA 
levels in the presence of the trw-activator 
have been observed by others (22). 

We have found that sequences located 
both upstream and downsueam of the 
TATA box are important for the regulated 
expression of the AIDS virus promoter. The 
organization of the AIDS virus promoter 
resembles that of the heat-shodr promoter 
and of the adenovirus major late promoter. 
For these promoters, sequences downstream 
of the cap site are involved in activation 
(23). A sequence necessary for tram-activa- 
tion exists within the R region of the 
HTLV-IIVLAV virus (nuclcotides +38 to 
+83). This region is necessary for induction 
at both the mRNA and protein revels. Since 
this region is transcribed, the transactivator 
could act post-transcriptionally to increase 
the stability or translatability (or both) of 
the mRNA. In CV1 cells, we observed a 10- 
to 20-fold increase of specific mRNA and a 
20- to 50-fold increase in CAT. This small 
but reproducible discrepancy between in- 
duction levels may reflect a difference in the 
translatability of mRNA in the presence of 
tram-activator. In the HeLaL3CAT clones 
(HL3T1) the discrepancy between the in- 
duction of mRNA (a 10- to 20-fold in- 
crease) and of protein (a 300- to 800-fold 
increyx) is even greater. The data suggest 
that more than one mechanism determines 

H T L V - I I U V  virus should be equally in- 
ducible by the tram-activator, imspecave of 
the promoter. >at this is not the case (17) 
suggests alternative models for trans-activa- 
tion. Further experiments are needed to test 
the possibilitv that in other cell types, such 
as human lymphoid cell lines, thc wnmbu- 

w e -  

Fig. 5. Nonhcm blots of total (lanes 1 and 2) and 
oligodT-xlcctcd RNA (lanes 3 and 4) from CV1 
cells uansfcctcd with pL3CAT in the p m c c  or 
absence of m-activator. T o d  mRNA was iso- 

the level of cxpression from the LTR pro- lated (27) and on a 1% ~ f o d d e h ~ d e  

meter and that ,-ell type specificity connib- (28). The RNA was blotted on nimllul-, 
and the fitter was incubated in 5 x standard saline 

Utes to the overall effect of these different ciuate, 50% formamide, 1 x Dcnhardt's solution, 
mechanisms. Therdbre, in HcLa cells, in 1% elvcine. 50 mM sodium ~hosbhate at bH 6.6. 
addition the mRNA increase, a great 250yg of &fcr RNA per ~ t c r ,  uid'l50 
increase in M A  manslatability results in Term Per rmllilitcr. tiher 

was subsbqucntly hybridized at 42°C in the above 
high levels of activation at the protein Icvel. butfCT condg 2% sul- 
In CV 1 cells the major ~~~echanism of tranr- fate, and the nrck-rranslated L3CAT DNA probe. 
activation is an increase in mRNA. The Lanes 1 and 2 wcre a d  for 18 hours. and 
simplest explanation of these results is that 3 and 4 were dposod for 1 hour.'The 

the tram-activator binds to the R region of p05'fiom of 18s and 2'' ribosomal RNA mole- 
cules arc indicated. (Lane 1) 20 pg of total RNA 

the and increases mRNA's from cells uansfected w t h  pL3CAT; (lane 2 )  20 
and translational e5ciency. Alternatively, pg of totd RNA fiom & ~ s  rransfccicd with 
the tram-activator may increase both the pL3CAT and the WW-activator-producing plu- 
transcription from the LTR promoter and mid pB2MX3; (lane 3) 5 Wg of RNA from cells 

uansfected with pL3CAT xlerted by b i n h g  to the dcicncy of the -A. an o l i g a  column; and (lane 4) 5 pg of RNA y 
The first m d e l  prcdlcts that all the mRNA in lvrc 3 f i  cells rransfected with pL3CAT and 
molecules that initiate at the R region of pB2MX3. 
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tion of mechanisms increasing message 
translatability is higher (21). The difference 
between C V l  and HeLa cells suggests that 
an additional intracellular control mecha- 
nism for HTLV-IIIILAV replication could 
be the extent of tyans-activation in different 
cellular environments. 
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Distribution of Airborne Radon-222 Concentrations 
in U.S. Homes 

Apparently large exposures of the general public to the radioactive decay products of 
radon-222 present in indoor air have led to systematical appraisal of monitoring data 
from U.S. single-family homes; several ways of aggregating data were used that take 
into account differences in sample selection and season of measurements. The resulting 
distribution of annual-average radon-222 concentrations can be characterized by an 
arithmetic mean of 1.5 picocurie per liter (55 becquerels per cubic meter) and a long 
tail with 1 to 3% of homes exceeding 8 picocuries per Liter, or by a geometric mean of 
0.9 picocurie per liter and a geometric standard deviation of about 2.8. The standard 
deviation in the means is 15%, estimated from the number and variability of the available 
data sets, but the total uncertainty is larger because these data may not be representative. 
Available dose-response data suggest that an average of 1.5 picocuries per liter contributes 
about 0.3% lifetime risk of lung cancer and that, in the million homes with the highest 
concentrations, where annual exposures approximate or exceed those received by under- 
ground uranium miners, long-term occupants suffer an added lifetime risk of at least 2%, 
reaching extraordinary values at the highest concentrations observed. 

R ADON-222 AND ITS DECAY PROD- 

ucts are universally present in the 
air we breathe, with typical levels 

indoors estimated-on the basis of epidemi- 
ology among uranium miners-to cause 
thousands of cases of lung cancer annually in 
the United States. A special concern has 
been the frequent appearance of homes with 
concentrations that imply inchidual lifetime 
risks of lung cancer exceeding 1%, and the 
occasional occurrence of levels with estimat- 
ed risks an order of magnitude or more 
higher. These risks, large compared with 
ordinarily considered environmental risks, 
have led to diverse studies characterizing 
indoor concentrations, the factors affecting 

them, and health implications (1, 2). 
However, there has not been a quantita- 

tive characterization of the distribution of 
radon concentrations in U.S. residences. 
Monitoring has been limited to modest local 
efforts varying markedly in scientific objec- 
tives. selection of homes. and measurement 
techniques, providing no direct estimate ei- 
ther of average exposures or of the number 
of homes above proposed action levels, such 
as the criterion recently recommended by 
the U.S. National Council on Radiation 
Protection and Measurements (NCRP) : 2 
working-level months (WLM) per year (3, 
4). Nonetheless, taken together, data from 
U.S. studies are substantial. We present 

results of a systematic appraisal of these 
data, designed to aggregate them in a con- 
sistent way, explicitly accounting for their 
differences, and thereby to estimate the fre- 
quency distribution of concentrations in 
U.S. homes. We demonstrate the utility of 
lognormal parameters for representing this 
distribution and extract quantitative values 
for average concentrations and for the inci- 
dence of high levels; both lognormal and 
oonparametric analyses give similar results. 

From the literature and from direct com- 
munication with researchers, we have accu- 
mulated data from 38 U.S. areas, typically 
urban centers or states (Table 1). Approxi- 
mately 99% of these data were taken in 
single-family houses, typically selected by 
asking for volunteers (for example, from 
among employees of a given institution) or 
by choosing from participants in energy 
conservation programs. Thus, while few, if 
any, of the homes monitored were selected 
by statistically based sampling procedures, 
virtually all selection processes contained a 
strong random element. The studies varied 
substantially in size: eight have 50 or more 
homes and an equal number have fewer than 
10. Each data set still gives a useful indica- 
tion of concentrations in the corresponding 
area and, taken together with the other data 
sets, of concentrations in U.S. single-family 
houses. 
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