
quence for the cytokine IFN-y as well. Dur- 
ing the course of these studies, Smith et a l .  
(23) reported that IFN-y stimulated cytosol- 
ic alkalinization in a pre-B lymphocyte cell 
line, partially as a result of activation of 
Na+/H+ exchange. Because the earliest 
measured time was 30 min, the rapidity of 
activated Na'lH' exchange and its impor- 
tance as a genomic transductional sequence 
in response to IFN-y in these cells remain to 
be established. In view of the pleotropic 
actions of IFN-y (5, 6), it is likely that 
additional transductional sequences may 
mediate other actions of IFN-y. For in- 
stance, addition of amiloride did not inhibit 
priming by IFN-y for tumor cell cytolysis 
(9 ) .  Relatively high concentrations of IFN-y 
can cause accumulation of labeled diacylgly- 
cerol or similar compounds in fibroblasts 
(24). In macrophages, physiologic concen- 
trations of IFN-y, however, induce increases 
in the mass of diacylglycerol only after -4 
hours, suggesting that these increases are 
unlikely to represent a primary transduction- 
a1 event (25). Our studies demonstrate that 
physiologic doses of IFN-y induce rapid 
Na'lH' exchange in murine macrophages 
and that these amiloride-sensitive fluxes are 
important for mediating some of the subse- 
quent genomic responses to IFN-y. 
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High Rate of HTLV-I1 Infection in Seropositive IV 
Drug Abusers in New Orleans 

Confirmed infection with HTLV-I1 (human T cell leukemia virus type 11) has been 
described only in rare cases. The major limitation to serological diagnosis of HTLV-I1 
has been the difEculty of distinguishing HTLV-I1 from HTLV-I (human T cell 
leukemia virus type I) infection, because of substantial cross-reactivity between the 
viruses. A sensitive modification of the polymerase chain reaction method was used to 
provide unambiguous molecular evidence that a significant proportion of intravenous 
drug abusers are infected with HTLV, and the majority of these individuals are 
infected with HTLV-I1 rather than HTLV-I. Of 23 individuals confirmed by polymer- 
ase chain reaction analysis to be infected with HTLV, 21 were identified to be infected 
with HTLV-11, and 2 were infected with HTLV-I. Molecular identification of an 
HTLV-11-infected population provides an opportunity to investigate the pathogenici- 
ty of HTLV-I1 in humans. 

H UMAN T CELL LEUKEMIA VIRUSES 

type I (HTLV-I) and type I1 
(HTLV-11) have been associated 

with specific forms of malignancy in hu- 
mans. HTLV-I is the etiologic agent for a 
malignancy known as adult T cell leukemia 
(1) and has been linked to a chronic myelop- 
athy known as HTLV-I-associated myelop- 
athy (2) or tropical spastic paraparesis, 
which is endemic to regions of Japan, the 
Caribbean, and Africa (3). Sporadic cases of 
HTLV-I infection have also been reported 

In contrast to HTLV-I, HTLV-I1 has 
only rarely been isolated. HTLV-I1 has been 
associated with two cases of malignancy in 
humans (6). Both patients had unusual T 
cell malignancies resembling hairy-cell leu- 
kemia. In one case, we showed definitively 
that HTLV-I1 was molecularly associated 
with a lymphoproliferative disorder involv- 

H.  Lee and P. Swanson, Diagnostics Division, Abbott 
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V. S. Shortv. Desire Narcotics Rehabilitation Center. 

in other areas in the world; in the united New orlean;; LA 70126. 
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ing a clonal CD8' population of cells. plained pancytopenia and a patient with 
HTLV-I1 has also been isolated in rare cases acquired immunodeficiency syndrome 
from individuals without evidence of malig- (AIDS) (7). The low number of cases of 
nancy, including a hemophiliac with unex- HTLV-I1 infection has made it difficult to 

7248 
HTLV-11: TGGATACCCCGTCTACGTGTTTGGCGATTGTGTACAGGCCGATTGGTGTCCCGTCTCAGGTGGTCTATGTTCCACCCGC 

7336 
HTLV-I :  CGGATACCCAGTCTACGTGTTTGGAGACTGTGTACAAGGCGACTGGTGCCCCATCTCTGGGGGACTATGTTCGGCCCGC 

7327 iTaq I ~ T a q  I 
HTLV-11: CTACATCGACATGCCCTCCTGGCCACCTGTCCAGAGCACCAACTCACCTGGGACCCCATCGATGGACGCGTTGTCAGCTC 

7415 tSau 3A ~ T a q  I 
HTLV-I: CTACATCGTCACGCCCTACTGGCCACCTGTCCAGAGCATCAGATCACCTGGGACCCCATCGATGGACGCGTTATCGGCTC 

Fig. 1. Nucleotide sequence of the HTLV-I and HTLV-I1 taxlrex gene region. The published 
nucleotide sequence of HTLV-I (9a) and HTLV-I1 (9) proviral clones is shown for the region of taxlrex 
genes chosen for PCR amplification. The HTLV-I and HTLV-I1 sequences are aligned. Nucleotide 
numbers are those indicating the position in an entire proviral clone. The position of relevant restriction 
enzyme sites Taq I and Sau 3A are indicated by arrows, and the position of the primers (15) used for 
PCR amplification are underlined. The upstream oligonucleotide primer was labeled at the 5' end with 
[y-32P]ATP in all experiments. 

Table 1. HTLV-I and HTLV-I1 infection among IV drug abusers in New Orleans. The HTLV-I EM 
is manufactured by Abbott Laboratories. A negative result means less than 4.5 times the optical density 
reading of the negative control, which consists of pooled normal human sera supplied with the EM. 
Protein immunoblotting against HTLV-I virion antigens and RIPA with [3sS]methionine and cysteine- 
labeled infected cell lysates were used for confirmation of reactivity. A seropositive result by protein 
immunoblotting and RIPA was determined only when both gp46lgp61 (env)  and p24 @as) were 
reactive. Those samples confirmed by protein imrnunoblotting or RIPA are indicated as positive by 
serology. PCR analysis was performed as indicated (13). All samples were screened with taxlrex-specific 
primers, and discrimination of HTLV-I and HTLV-I1 was performed by restriction enzyme dgestion 
with Sau 3A or Taq I, as indicated (13) (Fig. 3). Samples 338, 782,28,221, 1160,48, 1079,983, 151, 
334, 1419, 1287, and 1259 were reanalyzed on a separate occasion with fresh blood samples. Samples 
975, 338,782,221,28, 1160,48, 1079,983, 151,334, 1419, 1259, 36, 18, 1287,1038,315, 1296, 
and 61 1 were tested for HTLV-I or HTLV-I1 with the use of primer pairs frompol that hybridize only 
with HTLV-I; as expected, of these, only sample 975 tested positively for HTLV-I. Similarly, samples 
782, 1160, 1079, 151, 1419, 1259, 36, and 18 were confirmed positive for HTLV-I1 with the use of 
HTLV-II-specific primers from pol. Samples 782, 1160, 1419, and 975 were further confirmed by 
nucleotide sequence analysis (Fig. 4). IND, indeterminate. 

Protein Sample HTLV-I imrnuno- 
Serol- PCR result 

code EM RIPA OgY 

blot result HTLv-I HTLV-I1 

+ 
IND 

+ 
IND 
IND 
IND 

+ 
IND 

+ 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
- 
- 

IND 
+ 

IND 
- 
- 
- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

IND 
- 

- 

- 

- 

+ 
+ 
- 
- 

- 

- 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

IND 
IND 
IND 
- 

- 

+ 
+ 

IND 
- 

- 

- 

establish conclusively an association with or 
a causative role for HTLV-I1 in a specific 
disease. In one serological study in New 
York, a significant proportion of those cases 
with HTLV-reactive antibodies were 
thought to be due to HTLV-I1 infection 
( 5 ) .  In another study of IV drug abusers in 
Great Britain (4, infection of a proportion 
of these individuals was also attributed to 
HTLV-11. In each of these studies, the 
differentiation between HTLV-I and 
HTLV-I1 was based on competition en- 
zyme-linked immunosorbent assays. Be- 
cause of the relatively high amino acid se- 
quence homology (9, 9a), resulting in sub- 
stantial cross-reactivity between HTLV-I 
and HTLV-11, and the relatively few cases of 
HTLV-I1 infection with which to establish 
specificity, it was not conclusively estab- 
lished that HTLV-I1 infection was present 
among these populations. Molecular meth- 
ods for HTLV detection would be the most 
rigorous; however, this means of detection 
has not been possible in asymptomatic indi- 
viduals because of the low proportion of 
infected cells. Thus, previous methods for 
molecular discrimination by DNA blotting 
have required lengthy culture of patient 
lymphocytes and have not allowed detection 
of HTLV-I or HTLV-I1 in fresh samples. In 
this study, we have used a modification of 
the polymerase chain reaction (PCR) (10) 
method to detect HTLV-I and HTLV-I1 
infection directly in DNA obtained from 
fresh blood samples. This modified method 
is sensitive and rapid, and it can be used to 
easily discriminate between HTLV-I and 
HTLV-I1 infection. We determined that the 
majority of HTLV-seropositive individuals 
in an IV drug abuser population in New 
Orleans are infected with HTLV-I1 rather 
than HTLV-I. 

Blood samples were obtained from IV 
drug abusers in New Orleans. Initially, se- 
rum was screened for antibodies to HTLV-I 
by enzyme immunoassay (EIA) (Abbott 
Laboratories). Although purified disrupted 
HTLV-I virions were used in the EIA, sera 
from two previously identified individuals 
infected with HTLV-I1 isolates [HTLV- 
IIMo and HTLV-IINRA ( 6 ) ]  were strongly 
cross-reactive in the HTLV-I EIA assay. 
Therefore, this assay would be expected to 
react with other HTLV-I1 antibody-posi- 
tive sera. Of 121 samples screened, 54 were 
positive by EIA. These samples were further 
tested for reactivity against HTLV-I or 
HTLV-I1 antigens by protein irnmunoblot- 
ting (1 1) and by radioimrnunoprecipitation 
assay (RIPA) (12) analysis, with the use of 
the HTLV-I-infected cell line HUT 102-B2 
and the HTLV-II-infected cell line 
729pH6neo. Thirty-three of the 54 samples 
were confirmed to be seropositive by pro- 
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Flg. 2. Specificity of PCR assay for HTLV se- 
quences. Analysis of samples for HTLV sequences 
after 30 cycles of PCR amplification was as 
described (13). The labeled PCR products were 
analyzed by electrophoresis on 8% polyacrylam- 
ide gels (1.5 mm, 100 volts, 4 hours) and then 
autoradiography was performed. HUT 102-B2 
and DA 202 are HTLV-I-infected cell lines; Mo- 
T and 729pH6neo are HTLV-11-infected cell 
lines; and HUT 78 and M O L T 4  are uninfected 
cell lines. Ten nanograms of DNA of each 
HTLV-infected cell, and 2 p g  of other DNAs 
were analyzed. The position of the 159-nt 
HTLV-specific amplified DNA product is indi- 
cated. Mo-T consistently shows an additional 
band slightly smaller than the 159-nt product. 
This product is due to defective HTLV-I1 provi- 
ruses in the Mo-T cells. The lower band in all 
lanes represents the position of labeled oligonu- 
cleotide, which was not incorporated into ampli- 
fied products. 

tein immunoblotting or RIPA. A subset of 
these individuals was further analyzed (Ta- 
ble 1). 

To distinguish between HTLV-I and 
HTLV-I1 infection in these individuals, we 
used a simplified adaptation of the PCR 
method for detection of viral nucleic acids 
(13). This modification involved the radio- 
active labeling of the 5' end of one oligonu- 
cleotide of the primer pair with [y-32~]aden- 
osine triphosphate (ATP). Conditions for 
PCR were optimized to minimizc back- 
ground and maximize sensitivity. The meth- 
od is rapid because PCR amplification prod- 
ucts can be directly visualized after acrylam- 
ide gel electrophoresis and autoradiography. 
Therefore, subsequent hybridization steps, 
which may lead to further variability, are 
eliminated. Confirmation of the specificity 
of the PCR products can be performed by 
digestion with specific restriction enzymes 
that will differentiate between the PCR 
products of HTLV-I and HTLV-I1 or by 
direct sequence analysis of the radiolabeled 
products (14). 

For initial screening, sequences were cho- 
sen from HTLV-I and HTLV-I1 taxlrex 
regions that had sufficient similarity to allow 
detection of either viral DNA (15); use of 
these primers resulted in a PCR product of 
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159 nucleotides (nt) (Fig. 1). The specificity 
of the PCR primers was demonstrated by 
the presence of 159-nt products in nine 
HTLV-I- and HTLV-11-infected cell lines 
tested (Fig. 2, four cell lines shown), where- 
as four uninfected cell lines (Fig. 2, two cell 
lines shown) and two HIV-infected cell lines 
were negative. Serial dilutions of DNA from 
HTLV-I- or HTLV-11-infected cells fol- 
lowed by PCR amplification resulted in a 

dose-dependent detection of HTLV DNA. 
In experiments (Fig. 3A) in which the 
HTLV-I-infected cell line SLB-I was used, 
the equivalent of about ten infected cells 
(0.1 ng) was easily detected. 

PCR analysis was performed in a blind 
study on 27 samples fkom IV drug abusers 
tested for seropositivity for HTLV-I or 
HTLV-I1 by EIA, protein immunoblot, and 
RIPA (Table 1 shows complete compilation 
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of results; Fig. 3 gives examples of analysis). 
Of this group, 18 were confirmed to be 
seropositive, 4 were indeterminate (positive 
by EIA, but not confirmed by protein im- 
munoblot or RIPA), and 5 were seronega- 
tive. All of the samples confirmed to be 
seropositive were also positive by PCR anal- 
ysis. Of the nine seronegative or indetenni- 
nate samples, five were positive by PCR, 
and four were negative. One sample (sample 
code 13) that was negative by each of the 
three serologic criteria was positive by PCR, 
and another sample (sample code 334) posi- 
tive by EIA but negative by protein imrnu- 
noblot and RIPA was positive by PCR. 
Because of the extreme sensitivity of the 
PCR method, it was important to exclude 
potential false positives arising from con- 
tamination of samples. In addition to tech- 
nical safeguards in DNA handling and am- 
plification (13), DNA from 13 samples, 
including 4 of the seronegative or indeter- 
minate samples, was retested on a separate 
occasion after a repeat blood draw several 
months after the initial analysis. As an added 
precaution, the lymphocytes were isolated at 
a separate location from the initial samples. 
The results of these samples were identical. 

Different isolates of HTLV-I or HTLV-I1 
show little nucleotide sequence heterogene- 
ity within the taxlrex region (16). However, 
HTLV-I and HTLV-I1 differ sufiiciently in 
this region to allow discrimination between 
the two virus strains (Fig. 1). This discrimi- 
nation could be achieved by digesting the 
PCR products with the appropriate restric- 
tion enzyme after the PCR amplification. 
Sau 3A cleaves the amplified HTLV-I DNA 
to generate a labeled fragment of 120 nt in 
size, but it does not cleave the amplified 
HTLV-I1 DNA. Taq I digests both HTLV- 
I and HTLV-I1 in the region spanned by the 
PCR primers but results in a 138-nt HTLV- 
I fragment and an 85-nt HTLV-I1 fragment 
(Fig. 3B). We further confirmed the 
HTLV-I or HTLV-I1 specificity for four 
samples by eluting the radiolabeled PCR 
products from acrylamide gels after elearo- 
phoresis and by subjecting the samples to 
Maxam-Gilbert DNA sequence analysis (14) 
(Fig. 4). The nucleotide sequence of one 
HTLV-I- and three HTLV-11-positive 
samples was identical to that of the pub- 
lished sequence of HTLV-I and HTLV-11, 
respectively. In addition, 20 samples (Table 
1) were further confirmed by use of PCR 
primers from the pol gene region, which 
specifically detect either HTLV-I or HTLV- 
I1 DNA. Of the 23 samples determined to 
be positive for either HTLV-I or HTLV-I1 
by PCR, only two were positive for HTLV- 
I. No samples were identified that harbored 
sequences of both HTLV-I and HTLV-11. 
Thus, the PCR analysis confirms that a 
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Fig. 4. Nucleotide sequence analysis of PCR 
amplification products. Selected samples were 
subjected to nucleotide sequence analysis after 40 
cycles of PCR amplification (13). The end-labeled 
PCR products were excised from polyacrylamide 
gels and subjected to sequence analysis (14). 
Representative sequence analyses are shown, one 
for an HTLV-I-positive sample (sample code 
975, Fig. 3), and one for an HTLV-11-positive 
sample (sample code 1419, Fig. 3). The sequence 
is identical to that of the published sequence 
shown in Fig. 1, beginning at nudeotide 7267 for 
HTLV-I1 and 7355 for HTLV-I. Differences in 
sequence between the samples are indicated by 
asterisks. 

sigruficant proportion of lV drug abusers 
were infected with HTLV and demonstrates 
unexpectedly that the HTLV-seropositive 
IV drug abuser cohort in New Orleans was 
predominantly infected with HTLV-11. 
These results show the feasibility of using 
PCR analysis to unambiguously identify in- 
dividuals infected with HTLV and to clearly 
discriminate between HTLV-I and HTLV- 
I1 with the use of fresh peripheral blood 
mononuclear cells without'&rting to cul- 
ture. 

There have been few definitive reports of 
HTLV-I1 infection, and no endemic region 
for this virus has been identified. It is. 
therefore, of interest that the majority of the 
cases in our study are HTLV-11. Clearly, 
HTLV-I1 has the same capacity as HTLV-I 
to spread, once it is introduced into the . , 

appropriate population-in this case, an IV 
drug abuser population. HTLV-I1 is readily 
transmitted &;he laboratow) to uninfected 
cells by cocktivation with ikfected cells, as 
has been seen with HTLV-I (1 7). Epidemi- 

ologic studies indicate that transfer of viable 
infected cells is required for HTLV-I trans- 
mission (18). ~ h & ,  among IV drug abusers, 
HTLV-I1 is most likely spread by shared 
needle use through transfer of cells harbor- 
ing HTLV-11. 

The source of HTLV-I1 introduced into 
the New Orleans drug abuser population is 
unknown. Endemic regions for I-ITLV-I 
include southern Japan, Africa, and the Ca- 
ribbean (1-3). Some of these may be regions 
where HTLV-I1 is also endemic, but has not 
been previously recognized because of the 
lack of discriminating tests. Reexamination 
of HTLV-I endemic areas such as the Carib- 
bean basin will be important. ~urthermore, 
the unusually high rate of HTLV-I1 infec- 
tion and the detection of one individual 
seronegative by three serologic criteria but 
determined as infected by PCR analysis (Ta- 
ble 1, sample code 13) underscore the im- 
portance of hrther comparisons among 
molecular and serological screening meth- 
ods. 

Although the individuals studied here are 
apparently asymptomatic, the long latency 
period associated with diseases of HTLV-I 
infection would suggest that hematologic, 
immunologic, or neurologic complications 
of HTLV-I1 infection may develop with 
time. Thus, it is critical that prospective 
epidemiological and clinical analyses of this 
HTLV-11-infected population be per- 
formed to understand the natural history 
and pathogenesis of I-ITLV-11. 
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Scanning Tunneling Microscopy of Nucleic Acids 

The scanning tunneling microscope (STM) has been used to  measure properties of 
poly(rA).poly(rU) and DNA, such as helical pitch, half-period oscillations that were 
interpreted as the alternation between the major and minor grooves, and interhelical 
spacing. Average pitches were measured by two-dimensional Fourier transforms and 
by topographic profiles along the fiber axes. Values were typically 7 percent less than 
standard dimensions of  A-form RNA and B-form DNA fibers. This result is compati- 
ble with the mild dehydration that occurred under air-drying conditions. More 
extensive dehydration typically led to 19 percent shrinkage. Analysis of specific regions 
allowed local variations in helical pitch as small as 1 angstrom to  be detected, thus 
demonstrating that the STM can visualize functionally significant modulations of 
nucleic acid structure. 

T HE STM HAS ENABLED REMARK- 

able visualization of surface topogra- 
phy with a vertical resolution of 0.2 

A and horizontal resolution of 2 to 3 A (1 ) .  
The possibility of visualizing nucleic acids at 
this high resolution has major significance, 
since the binding of proteins and other 
aspects of gene regulation depend on struc- 
tural variations at the level of 1 A ( 2 ) .  , , 
Conventional electron microscop~7 allows 
the local structure of individual molecules to 
be discerned, unlike fiber diffraction or solu- 
tion techniques that average over entire 
molecules and populations of molecules. 
The STM offers an additional advantage in " 
that contrast is achieved by detection of 
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sample height and work function variations, 
rather than bv chemical treatments such as 
shadowing or staining. We report the use of 
the STM to measure the helical periodicities 
of air-dried double-stranded RNA and 
DNA molecules and in some cases to ob- 
serve the alternation of major and minor 
grooves. Images of vacuum- and air-dried 
DNA were reported as early as 1984 by 
Binnig and Rohrer (3) and recently by Bee- 
be et a / .  (4). However, these images were 
either obtained at low resolution or were so 
distorted that no reliable information could 
be obtained about helix dimensions. We 
show that nucleic acid dimensions and struc- 
tural features can be quantitatively assessed 
and statistically analyzed by the STM, with 
small and rep;oducible co;rections for hy- 
dration. 

Calf thymus DNA (Sigma Chemical) and 
synthetic RNA, poly(rA).poly(rU) (P-L 
Biochemicals, Milwaukee, Wisconsin) were 
purified and dissolved in a buffer of 1 mM 

sodium cacodylate, 10 mM NaC1,pH 7.4, at 
a concentration of about 7 pM nucleotide 
phosphate. To promote lateral association 
by charge neutralization, the DNA was 
mixed for 2 hours with 200 FM spermidine 
HCI or 100 pM hexaamine cobalt (111); 
stable RNA fiber bundles were obtained 
without these trivalent cations. We found 
that bundles, rather than individual mole- 
cules, gave the most regular and reproduc- 
ible images, perhaps because of mutual sta- 
bilization of neighboring molecules under 
dehydrating conditions. One-drop samples 
were deposited on freshly cleaved, highly 
oriented pyrolytic graphite (HOPG, Union 
Carbide grade ZYA), and were air-dried at 
room temperature. 

A Nanoscope I1 (Digital Instruments, 
Inc., Santa Barbara, California) equipped 
with a 9-pm scan head made it possible to 
efficiently locate regions suitable for analysis 
but restricted the maximum magnification 
to areas 500 A on a side (5 ) .  For most of the 
analysis, the digitized images were filtered to 
remove spike noise, narrow streaks, and the 
effects of sample tilt. Filtered and unfiltered 
images of poly(rA).poly(rU) are shown in 
Fig. 1. Seven individual duplexes are readily 
discerned, and a repeat pattern is evident. A 
typical center-to-center distance between ad- 
jacent duplexes is 24.8 rt 0.8 (R-5 in 
Table l ) ,  which is only slightly greater than 
the 21.3 A diameter of RNA ( 2 ) .  The 
vertical profile of the cross section is consist- 
ent with the bundle being composed of a 
single layer of RNA helices (Fig. 1A). 

The filtered vertical displacement profile 
(Fig. 1E) along a helical molecule oscillates 
uniformly with a period corresponding to 
the pitch of A-RNA. The unfiltered profile 
(Fig. 1F) shows the same pattern but also 
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