
code for 352 amino acids, is joined to the 
ATGG (5180 to 5183) of the env gene so 
that ATG is aligned in the frame. Thus, 
the initiation codon ATG for env is used 
for initiation of p40" translation. The 
other four cDNA clones showed similar 
restriction maps although they are also 
defective, supporting the conclusion that 
the sequenced cDNA clone represents 
the majority of the pX mRNA popula- 
tion. This conclusion was also consistent 
with the observation that the 2.1-kb 
mRNA did not significantly hybridize 
with the U5 probe. Similar splicing was 
also found in HTLV-I1 by Wachsman et 
al. (see 24a). 

The structure of the cDNA clone 
showed that subgenomic mRNA for p40" 
is formed by two-step splicing (Fig. 3A) 
and that one of the splice donor sites is 
located in the R region of LTR. This 
feature is unique to HTLV and might 
relate to the unusually long R region. We 
have proposed (10) that the ability of the 
long R sequence to form a secondary 
structure at the 3' end of viral mRNA 
plays a role in transcriptional termina- 
tion. In addition to this, the R sequence 
was suggested to regulate mRNA splic- 
ing expressing the env and pX genes, 
because a complementary sequence to 
this splicing donor site is found in the R 
region just after this donor site. Thus the 
donor site can form a stem structure with 
18 bases (Fig. 3B). The secondary struc- 
ture of the transcript at this splicing 
donor site would allow this region to 
compete with U1 RNA in a small nuclear 
ribonucleoprotein complex; the U1 com- 
plex is involved in exact RNA splicing 
(25). Alteration of the pairing ratio of U1 
RNA to the stem and loop structure may 
control the splicing in the R region, even- 
tually affecting the expression of the env 
and pX genes. For specific regulation of 
the pX expression, other mechanisms 
may be required. 

One of the splicing acceptor sites is 
located in the pol region, 187 bases up- 
stream from the ATG for the env gene. 
This structure indicates that the subge- 
nomic RNA generated by single splicing 
is env mRNA (Fig. 3A). The calculated 
size of this spliced product, 3985 bases 
without the polyadenylated stretch, is 
consistent with that of one of the subge- 
nomic mRNA's detected in infected cell 
lines. Probably, the other splicing takes 
place on the env mRNA and produces 
pX mRNA coding for p40". In this 
mRNA, the initiation codon, ATG for 
the env, is used to initiate the translation 
of p40", and only the first methionine is 
brought onto p40" from the env domain. 
Thus the molecular weight of the pX 
gene product was calculated as 39,482. 

The key sequences for splicing found 
in HTLV-I are also present at corre- 
sponding positions in HTLV-I1 (11, 26), 
BLV (12), and STLV (13) as shown in 
Fig. 3, suggesting that the unusual splic- 
ing mechanisms producing the env and 
DX mRNA's are common to all four 
viruses. A minor exception occurs in 
BLV; the initiation codon for pX transla- 
tion is located 44 bases downstream from 
that of the env gene, out of the frame. 
Thus, the pX and env genes do not share 
the same initiation codon. However, 
AIDS-associated viruses (27) are differ- 
ent from the other members of HTLV 
family in the organization of these criti- 
cal sequences. Thus, a mechanism of the 
gene expression of AIDS-associated vi- 
ruses seem to be different from the oth- 
ers. 

MOTOHARU SEIKI 
ATSUKO HIKIKOSHI 

Department of Viral Oncology, 
Cancer Institute, Kami-Zkebukuro, 
Toshima-ku, Tokyo 170, Japan 

TADATSUGU TANIGUCHI 
Institute for Molecular and Cellular 
Biology, Osaka University, 
Suita-shi, Osaka 565, Japan 

MITSUAKI YOSHIDA 
Department of Viral Oncology, 
Cancer Institute 

References and Notes 

1. B. J. Poiesz et al., Proc. Narl. Acad. Sci. 
U.S.A. 77, 7415 (1980); M .  R. Reitz et al., ibid. 
78, 1887 (1981). 

2. Y. Hinuma et a/ . ,  ibid., p, 6476. 
3. M. Yoshida, I. Miyoshi, Y. Hinuma, ibid. 79, 

2031 (1982). 
4. M. Robert-Guroff et al., Science 215,975 (1982); 

V .  S. Kalyanaraman et al., Proc. Natl. Acad. 
Sci. U.S.A. 79, 1653 (1982). 

5. Y. Hinuma et al., Int. J .  Cancer 29, 631 (1982). 
6. W. A. Blattner et al., ibid. 30, 257 (1982); J .  D. 

Schiipback, et al., Cancer Res. 43, 886 (1983). 
7. W. Saxinger et al., Science 225, 1473 (1984). 
8. M. Yoshida et al., Proc. Natl. Acad. Sci. 

U.S.A. 81, 2534 (1984). 
9. M. Seiki, S. Hattori, M. Yoshida, ibid. 79, 6899 

l l Q Q ? )  
\.,UA,. 

10. M. Seiki et al., ibid. 80, 3618 (1983). 
11. K. Shimotohno et al., ibid. 81, 6657 (1984); W. 

A. Haseltine et al., Science 225, 419 (1984). 
12. N. R. Rice et a/ . ,  Virology 138, 82 (1984); N. 

Saeata et a/. .  Proc. Natl. Acad. Sci. U.S.A.. in - 
press. 

13. A. Komuro et a/., Virology 138, 373 (1984); T. 
Watanabe et al., ibid., in press; H.-G. Guo, F. 
Wong-Staal, R. C. Gallo, Science 223, 1195 
(1984). 

14. T. ~ i y o k a w a  et a/., GANN 75, 747 (1984); M. 
Miwa et al., ibid., p. 751; T. H. Lee et al., 
Science 226, 57 (1984); D. J. Slamon et al., ibid., 
p. 61. 

15. J. G. Sodroski, C. A. Rosen, W. A. Haseltine, 
Science 225. 381 (1984): J. Fuiisawa et al.. Proc. 
Natl.   cad. ~ c i .  'u.s.A., in 5ress. 

16. M. Seiki, R. Eddy, T. B. Shows, M. Yoshida, 
Nature (London) 309, 640 (1984). 

17. M. Tateno et al., J .  Exp. Med. 159, 1105 (1984). 
18. T. Watanabe. M. Seiki. M. Yoshida. Virologv -, 

133, 238 (1984). 
19. H. Land et al., Nucleic Acids Res. 9, 2251 

(1981). 
20. M. Casadaban and S. M. Cohen, J. Mol. Biol. 

138. 179 (1980). 
21. P. J. ~out'hern'and P. Berg, J. Mol. Appl. Genet. 

1, 327 (1982). 
22. P. A. Sham. Cell 23. 643 (1984). 
23. T. H. Lee kt a/. ,  Proc. Natl.   cad. Sci. U.S.A. 

81, 3856 (1984). 
24. W. Wachsman et al., Science 226, 177 (1984). 
24a.W. Wachsman et al., ibid. 228, 1534 (1985). 
25. M. R. Lerner et al., Nature (London) 283, 220 

(1980); J. Rogers and R. Wall, Proc. Natl. Acad. 
Sci. U.S.A. 77, 1877 (1980). 

26. K. Shimotohno et al.. ibid.. in Dress. 
27. L. Ratner et al., Nature ( ~ d n d o n )  313, 277 

(1985); R. Sanchez-Pescador et al., Science 227, 
484 (1985); M. A. Muesing et a/., Nature (Lon- 
don) 313, 450 (1985); S. Wain-Hobson e! a/., 
Cell 40, 9 (1985). 

28. P. Mellon et al., Cell 27, 279 (1981). 
29. We thank G. Yamada, Institute for Molecular 

and Cellular Biology, Osaka University, for his 
useful discussion and help. Supported in part by 
a Grant-in-Aid for Special Project Research, 
Cancer-Bioscience; a Grant-in-Aid for Cancer 
Research, from the Ministry of Education, Sci- 
ence and Culture of Japan, and by a Research 
Grant of the Princess Takamatsu Cancer Re- 
search Fund. 

12 February 1985; accepted 29 April 1985 

HTLV x-Gene Product: Requirement for the env 
Methionine Initiation Codon 

Abstract. The human T-cell leukemia viruses (HTLV) are replication-competent 
retroviruses whose genomes contain gag, pol, and env genes as well as a fourth gene, 
termed x, which is believed to be the transforming gene of HTLV. The product of the 
x gene is now shown to be encoded by a 2.1-kilobase messenger RNA derived by 
splicing of at least two introns. By means of SI nuclease mapping of this R N A  and 
nucleic acid sequence analysis of a complementary DNA clone, the complete 
primary structure of the x-gene product has been determined. It is encoded by 
sequences containing the env initiation codon and one nucleotide of the next codon 
spliced to the major open reading frame of the HTLV-I and HTLV-ZZ x gene. 

The human T-cell leukemia viruses 
(HTLV-I and HTLV-11) are associated 
with specific T-cell malignancies in man. 
HTLV-I-related adult T-cell leukemia is 
endemic to parts of Japan, the Caribbe- 
an, and Africa; HTLV-I1 is associated 
with a single case of T-cell-variant hairy- 
cell leukemia (1-5). Both viruses will 
transform normal, human, peripheral 

blood T cells in vitro as defined by their 
continued proliferation in the absence of 
exogenous interleukin-2 (6-9). The 
mechanism of HTLV-induced T-cell 
transformation is unknown, although 
these retroviruses, and bovine leukemia 
virus (BLV), appear to use a mechanism 
distinct from that of other animal retro- 
viruses. Molecular studies of the HTLV 

SCIENCE, VOL. 228 



genome in tumor cells from patients and 
transformed cell lines indicated that 
there are no preferential sites of viral 
integration (10, 11). DNA hybridization 
and nucleic acid sequence analyses of 
HTLV-I and HTLV-I1 genomes revealed 
that the HTLV proviral genome has no 
homology with known oncogenes or nor- 
mal cellular sequences (12,lJ). Howev- 
er, nucleic acid sequence analysis of 
HTLV-I by Seiki et al. identified a re- 
gion of unknown function (designated X) 
that is located between env and the 3' 
long terminal repeat (LTR) (12). A simi- 
lar X region was identified in the HTLV- 
I1 and BLV genomes (1447). Recently, 
we and others demonstrated that this X 
region of the HTLV genome contains a 
new gene, x (18, 19). This gene is tran- 
scribed into a 2.1-kilobase (kb) messen- 
ger RNA (mRNA) and encodes a protein 
of 40 or 37 kilodaltons (kD), (designated 
p4W1 or p37:), in cells infected with 
HTLV-I or HTLV-11, respectively. 
Thus, unlike other replication-competent 
retroviruses, the HTLV class of retrovi- 
rus contains four genes: gag, pol, env, 
and x. As the x gene only occurs in this 
class of retrovirus, it is hypothesized 
that its product is responsible for the 
transformingg properties of HTLV. 

The exact primary structure of p4W 
and ~ 3 7 ~  is unknown. Immunoprecip 
itation of p40"' and p37I" with antisera 
directed against synthetic peptides (with 
the peptide sequences deduced from the 
HTLV-I nucleic acid sequence) demon- 
strated that the x product is encoded 
primarily from the major open reading 
frame of the X region (19). The size of 
the x-encoded proteins, and the fact that 
antisera were developed against peptides 
derived from sequences upstream of the 
first methionine codon in x, led us to 
predict that the NH2-terminus of these 
proteins is derived from upstream viral 
sequences not contiguous with the major 
open reading frame. We demonstrate 
here an RNA processing scheme that 
would generate the complete x-encoded 
product. On the basis of the nucleic acid 
sequence of the HTLV-I and HTLV-I1 x 
mRNA, we have deduced the primary 
structure of p4W' and ~ 3 7 ~ "  as well as a 
predicted x protein from BLV. 

Typically, retroviral subgenomic 
mRNA's are composed of 5' leader se- 
quences extending from the cap site in 
the LTR into the gag gene, and a down- 
stream exon such as env or src (20-22). 
Analyses of the HTLV-I and HTLV-I1 
nucleic acid sequences did not reveal 
any potential initiation codon from the 
gag region that would maintain the x 
open reading frame and contribute less 
than 0.8 kb to the 2.1-kb x mRNA [as at 

least 1.5 kb of the mRNA would be 
derived from the downstream exon that 
contains the x gene sequences (15, 18)l. 
Therefore, we postulated the existence 
of a t h i i  exon that contains the initiation 
codon for the x gene and is located 
between a 5' leader exon and the 3' x 
gene exon. Further analysis of the 
HTLV-I and HTLV-I1 nucleic acid se- 
quences in the region of the pol-env 
junction revealed the conservation of 
potential splice donor signals, located 
just downstream of the env methionine 
initiation codon, that would maintain the 
major open reading frame of x in a 
spliced mRNA. 

To confirm the existence of these po- 
tential splice donor sites, we performed 

A 

HTLV-I 

f t 
c o l  Barn * HI Ava ll - 

S, nuclease analysis on RNA from the 
HTLV-II-infected cell lines Mo-T and 
JLB-11, and from the HTLV-I-infected 
cell lines SLB-I and SLB-11. The hybrid- 
ization probes (Fig. 1A) were prepared 
from the pH-6 clone of HTLV-I1 and the 
pHT-1 clone of HTLV-I to span the pol- 
env junction. Figure 1B shows the DNA 
fragments protected by hybridization to 
the RNA. A band indicative of a 90- and 
93-nucleotide long protected fragment 
was observed for RNA from HTLV-I- 
and HTLV-II-infected cells, respective- 
ly. These coincide exactly with the loca- 
tion of the potential splice donor se- 
quences in env at base pair 5183 in both 
the HTLV-I and HTLV-I1 proviral ge- 
nomes (12, 23). A second band of 238 

Eco RI 

. 300 bp , 

Barn 
+ 

HI Ava ll 

D O / - ~ R V  &A M A  AAG CTG C A T  GCC CAb GAC CAG ACG CCA GCG AAC TCG CCG AGC A t 6  CCG CAR CAG ACC ACC ARC ACC AT GGT AAT GTT TTC T T ~  
eu h k  . la  q l n  asp gln t h r  pro a l a  a m  ser pro 5.. 1.7 pro dn ,In l h r  lhr a m  t h c e l E f l  v a l  phe phe 

x cDNA TGA M A  RAG CTC CAT GCC CAA GAC CLG ACG CCA GCC M C  TCG CCG AGC ACG CCG C M  CAG ACC ACC M C  ACC ATG r T C  CAT TTC CTA GGA --- l y <  l y s  leu h i s  a l a  q l n  asp g l n  t h r  pro a l a  as" rev pro ser t h r  pro q l n  g l n  t h r  l h r  drn t h r m i i a  h l r  phe l eu  slv 

7 l R l  I 
TAA TTP C I A  TCC TGT CTC CTC TCA GCC L m m  8 .r rln uuA --- l e u  (11" rer  cyr lev  leu rer a l a  h i 5  phe leu g l r  

Fig. 1. Localization of the x gene splice donor sequences in env. (A) Partial restriction enzyme 
map of the PHT-1 (HTLV-I) and pH-6 (HTLV-ID DNA clones. The iunction between ~ o l  and 
env is indi&ted as a vertical bar. The Barn HI-Ava I1 hybridization probe used for Sl kclease 
maooinn is shown as a thin line below each maD with an asterisk denoting the site at which 3' 32P 
end-i&ling was done by means of the large fkgment of DNA polymerase. (B) ~~bridization- 
S, nuclease analysis was performed as described (36,37). RNA was extracted from the HTLV- 
I-infected SLB-I and SLB-I1 cell lines (18,38), the HTLV-II-infected Mo-T (4,39) and JLB-I1 
(9) cell lines, and the uninfected 729-6 B-cell line. The size of the marker DNA fragments is 
shown in nucleotides. The 90- and 93-nucleotide protected fragment for HTLV-I and HTLV-11, 
respectively, is denoted by an arrow. No protected fragment was observed after hybridization 
of control 729-6 RNA to the probe. (C) Nucleic acid and predicted amino acid sequence of a 
portion of an HTLV-I1 x cDNA clone isolated from a Mo-T cDNA library (40). Sequences from 
thepol-env junction and x open reading frame of HTLV-I1 are homologous to the x cDNA clone 
upstream and downstream, respectively, of the x cDNA splice junction. Nucleotide positions in 
the HTLV-I1 proviral genome are indicated (23). The methionine initiation codon of env and the 
x gene is denoted by a box. The arrow demarcates the respective sites for the env splice donor, x 
gene env-x splice junction, and the x splice acceptor. In the pol-env sequences the underlined 
TAA shows the position of the pol stop codon. 
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nucleotides for HTLV-I and 257 nucleo- 
tides for HTLV-I1 was observed; it cor- 
responds to the protection, presumably 
by genomic or env mRNA, of the full 
length probe. No protected DNA frag- 
ments were observed when uninfected 
729-6 cell RNA was hybridized with ei- 
ther probe and then digested with S, 
nuclease. The splice donor site occurs 
after a single nucleotide 3' of the env 
initiation codon in HTLV-I and HTLV- 
11. A termination codon is present in the 
same reading frame, 36 and 24 codons 
upstream of the env initiation codon, in 
HTLV-I and HTLV-11, respectively. 
Therefore, the x gene uses the env initia- 
tion codon for its translation and the 
complete x coding sequences are formed 
by this initiation codon and one addition- 

x-specific probe Actir probe 

Fig. 2. Confirmation of the spliced junction 
sequences in x-specific mRNA. Polyadenylat- 
ed RNA was extracted from the indicated cell 
lines and analyzed by Northern hybridization 
(41). The x-specific probe was derived by 5' 
end-labeling of an oligonucleotide, 5' 
AAATGGGCCATGGTGTTG 3', which is 
complementary to the sequence surrounding 
the splice donor and acceptor junction. Under 
appropriate conditions of hybridization [4x 
standard saline citrate (SSC) at 3O0C] and 
washing (2X SSC at 37" to 40°C). this probe 
hybridized only to sequences that are precise- 
ly complementary. This probe did not hybrid- 
ize to noncontiguous complementary se- 
quences, such as genomic mRNA in which 
the env splice donor and x splice acceptor 
sequences are separated. The actin probe was 
made from a human cDNA clone that had 
been isolated from a Mo-T cell cDNA library. 
Size is shown in kilobases. The Mo-T cells are 
infected with HTLV-11; the Daudi and CEM 
cells are uninfected. 

1536 

al nucleotide spliced to the downstream 
major open reading frame of the x gene. 

We also isolated a complementary 
DNA (cDNA) clone made from mRNA 
of HTLV-11-infected Mo-T cells (Fig. 
lC), which contains this same sequence 
at the splice junction of the x mRNA. 
This clone is about 400 nucleotides in 
size, and part of its sequence (Fig. 1C) 
verifies that the splicing of HTLV-I1 x 
mRNA involves the joining of a small 
segment of env with the downstream 
acceptor site of x at sequence locations 
determined by S1 mapping. 

To obtain further evidence that this 
splice junction is present in the 2.1-kb x 
subgenomic message, we analyzed RNA 
from both HTLV-11-infected and -unin- 
fected cell lines by Northern hybridiza- 
tion (Fig. 2). An oligonucleotide probe 
was synthesized to correspond with the 
sequence at the env-x splice junction. 
Under appropriate conditions of hybrid- 
ization, a single 2.1-kb species of RNA 
was detected in the HTLV-11-infected 
cells but not in the uninfected Daudi or 
CEM cell lines. This mRNA is identical 
in size to that previously defined as the x 
subgenomic message. Control studies 
with a probe specific for actin mRNA 
showed hybridization at a single 2.1-kb 
band in all three cell lines. 

The BLV genome contains sequences, 
analogous to the HTLV X region, be- 
tween env and the 3' LTR (16, 17). We 
analyzed the BLV genome for sequences 
comparable to the HTLV-I and HTLV-I1 
env splice donor and x splice acceptor 
sites. At nucleotide position 51, as de- 
scribed by Rice et al. (16), there is a 
potential splice donor site (ATGGI 
GTAA) that is identical in sequence to 
that in HTLV. In BLV, the ATG in this 
sequence, although near the start of env, 
does not appear to be the env initiation 
codon. However, like HTLV, the TAA 
in this potential splice site represents the 
termination codon of pol. A potential 
splice acceptor site (AGICAAGT) occurs 
at the 5' terminus of the longest open 
reading frame in the BLV X region [be- 
tween nucleotides 2487 and 2488 in the 
pX2 reading frame (16)l. This site is 
preceded by pyrimidines, which is analo- 
gous to the splice acceptor site of x in 
HTLV-I and HTLV-11. Because of the 
similarities in sequence among BLV, 
HTLV-I, and HTLV-11, we believe that 
these potential BLV splice sites are used 
to generate a BLV x mRNA. As with 
HTLV-I and HTLV-11, this predicted x 
coding region would be formed by splic- 
ing of the methionine initiation codon 
plus a single base to the downstream x 
open reading frame. Figure 3 shows the 
sequences surrounding the HTLV-I and 

HTLV-I1 x gene splice junction as well 
as that predicted for BLV. The consen- 
sus sequence for this splice junction is 
also shown. 

The first two amino acids of the trans- 
lated protein, methionine-alanine, are 
the same for all three viruses. The pre- 
dicted size of the primary translation 
product from HTLV-I and HTLV-I1 x 
mRNA is consistent with the respective 
40-kD and 37-kD proteins previously 
demonstrated to be encoded by x (19); 
however, post-translational modification 
cannot be excluded. On the basis of the 
published sequence of BLV, we predict 
that its x-encoded protein is 34 kD in 
size. Recombinant constructs of the 
HTLV-I and HTLV-I1 x gene synthe- 
sized according to the predicted mRNA 
structure have accurately expressed ei- 
ther p4W' or p37"". 

Retroviral mRNA's start from the cap 
site at the U3iR junction in the 5' LTR 
and terminate at the RIU5 junction in the 
3' LTR (24-26). Further S1 nuclease 
analysis of RNA from these HTLV-I- 
and HTLV-11-infected cells identified a 
potential splice acceptor site upstream of 
the env and x methionine codon at nucle- 
otide 5183 in both HTLV-I and HTLV- 
11. In addition, there was at least one 
potential splice donor site located in the 
HTLV-I1 5' LTR at nucleotide 449. 
Therefore, the HTLV x mRNA consists 
of at least three exons and has a total size 
of approximately 1.8 kb if the 3' poly- 
adenylate sequences are excluded. The 
major open reading frame of the x gene is 

HTLV-I I . . . . . ATG~GTAA. . . . . . . AG'CCC. . . . . 
I- I 

BLV . . . . . A T G ~ G T A A .  . . . . . . AG'CAA. . . . . 
1- I v . . . AUG GC&. . . . . 

~40x1,  p37xU net-ala.. . . . 
( ~ 3 4  

Fig. 3. Schematic representation of mRNA 
processing to generate the NHz-terminal co- 
dons of the x gene. The sequence surrounding 
the x mRNA splice donor in env and the x 
mRNA splice acceptor in x for HTLV-I and 
HTLV-I1 as well as the predicted analogous 
sequences for BLV x mRNA are shown. The 
first two codons of the predicted primary 
translation product formed by mRNA pro- 
cessing are indicated. Although post-transla- 
tional modifications cannot be excluded we 
speculate that the met-ala represents the 
NHrterminal amino acids of HTLV-I @I, 
HTLV-I1 ~ 3 7 ~ " ,  and ~ 3 4 ~ '  predicted for 
BLV. The TAA is underlined to indicate the 
termination codon for pol. The nucleotide 
positions at the env splice donorlx splice 
acceptor junction are: 518317302 in HTLV-I 
(12), 518317214 in HTLV-I1 (23). and 5112428 
in BLV (16). 

SCIENCE, VOL. 228 



contained in the 1.5-kb 3' exon of this 
subgenomic message. Immediately 5' to 
this exon is a second exon of about 140 
nucleotides that spans the pol-env junc- 
tion and provides the initiation codon for 
the x gene. The 5' exon appears to be a 
leader sequence of about 135 nucleo- 
tides. It extends from the cap site to a 
splice donor site located in the stem of 
the potential hairpin loop that has been 
proposed for the HTLV-I and HTLV-I1 
LTR (12, 27, 28). We believe this to be 
the entire structure of the HTLV-I1 x 
subgenomic message. These data are 
also consistent with the observations of 
Seiki et al. (29) regarding the structure of 
HTLV-I x mRNA. 

The functional basis for this precise 
scheme of mRNA processing to generate 
the x mRNA is unclear. The only other 
example of retroviral RNA processing in 
which the virus contains a gene between 
env and the 3' LTR is Rous sarcoma 
virus (30, 31). In this case, sequences 
from env are not required to generate the 
src gene product (32, 33). It is possible 
that this type of mRNA processing, 
which adds only four nucleotides of cod- 
ing sequence to downstream x sequences 
for HTLV, is a primary regulatory mech- 
anism for the production of the x prod- 
uct. The function of p40"1 and ~37"" is 
unknown. These proteins may be impor- 
tant in viral transcription (34,35). Recent 
x gene mutagenesis studies in our labora- 
tory indicate that the x protein increases 
the efficiency of HTLV transcription 
(35a). Regulation of the expression of the 
x protein may be important for viral 
transcription and replication as well as 
for the initiation and maintenance of 
cellular transformation. 
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Predisposition to Hookworm Infection in Humans 

Abstract. Frequency distributions of parasitic helminths within human comrnuni- 
ties are invariably highly aggregated, the majority of worms occurring in relatively 
small fractions of the host populations. It has been suggested that the heavily 
infected individuals are predisposed to this state, not by chance, but by as yet 
undefined genetic, ecological, behavioral, or social factors. Analyses of individual 
post-treatment patterns of hookworm reinfection among 112 villagers in an endemic 
area of West Bengal provide quantitative evidence of predisposition to heavy 
infection. This observation has implications for the design of control programs based 
on chemotherapy because of the potential economic advantage of selective or 
targeted treatment as opposed to mass or blanket treatment. 

Epidemiological studies in various re- 
gions of the world have reported rates of 
post-treatment reinfection with hook- 
worms and other intestinal helminths (I). 
Quantitative information on patterns of 
reinfection in individual patients, as op- 
posed to groups of people, is extremely 
limited, however, and the evidence for 
predisposition to heavy infection is 
therefore inconclusive. This is in part a 
consequence of the small numbers of 
patients examined in previous studies (2- 
5). Here we present evidence of a statis- 
tically significant positive association be- 
tween the adult worm burdens of individ- 
ual patients prior to treatment (as judged 
by fecal egg counts) and the adult worm 
burdens in the same individuals follow- 
ing a period of reinfection. 

Our analyses are based on field studies 
conducted in West Bengal, India, in 1968 
to 1970 (6-10). The study area, its cli- 
mate, methodological details (including 

methods of sample selection) and as- 
pects of the epidemiology of hookworm 
parasitism are described elsewhere (6- 
11). Two groups of villagers from a rural 
area 40 miles (64 km) north of Calcutta 
were treated to remove their hook- 
worms. Group 1 (n  = 34) was treated 
with anthelmintics [bephenium hydrox- 
ynaphthoate and tetrachlorethylene 
(TCE)] in the dry season of 1968-1969 
and then reexamined after 10, 12, 14, and 
18 months. The monsoon season, a 4- 
month period during which conditions 
for frequent reinfection were optimal, 
began 6 months after treatment was com- 
pleted. Group 2, the treated subsample 
of a study population of 735 villagers, 
was treated (with bephenium and either 
TCE or thiabendazole) in the same dry 
season and then reexamined at eight 2- 
month intervals (the total period includ- 
ed two monsoon seasons). People who 
provided fecal samples in at least four of 
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