
Technical Comments 

PCR Analysis of DNA from Multiple Sclerosis 
Patients for the Presence of HTLV-I 

In 1985, Gessain et a/. (1) showed that 
human T lymphotropic virus type 1 
(HTLV-I) is associated serologically with 
tropical spastic paraparesis (TSP), a chronic 
inflammatory disease of the spinal cord that 
causes progressive paralysis of the legs. The 
possibility that multiple sclerosis (MS), 
which in some cases resembles TSP, is asso- 
ciated with infection by HTLV-I or another 
retrovirus, has also generated considerable 
interest. The initial evidence from serology 
and in situ hybridization (2) was disputed 
(3). Recently, Reddy et al. (4) and Green- 
berg et a/. (5) have reported the amplifica- 
tion bv the polvrnerase chain reaction (PCR) 
of H ~ L v - i  (4) or a related retrovirus (5) 
from the peripheral blood leukocyte (PBL) 
DNA of a proportion of patients with MS. 

We sequenced 172 HTLV-I partial env 
clones obtained by PCR of PBL from ten 
TSP patients in the United Kingdom of 
Caribbean origin and two HTLV-I-sero- 
positive patients with adult T cell leukemia 
(ATL). The results (6) showed that no two 
individuals had an identical sequence of env. 
The frequency of nucleotide changes we 
observed greatly exceeded that expected 
from errors made by Taq polymerase with 
the concentrations of ~ 2 ' a n d  dNTPs used - 
(7). 

We next studied nine white Caucasian 
adults with clinically definite MS (8),  six 
from a routine MS clinic in Canada and 
three from a rehabilitation clinic in Oxford, 
United Kingdom. Using HTLV-I env-spe- 
cific primers that consistently amplify 
HTLV-I from seropositive patients, we am- 
plified a band of the expected size only from 
the HTLV-I-seropositive leukemic control 
(Fig. 1). Other primers, from pol or other 
regions of env, also failed to amplify MS 
DNA (9). 

Reddy et al. (4) found an identical env 
sequence in all six MS patients between 
nucleotides 5684 and 6151. However, this 
is surprising, because this region, as else- 
where in env, varies between individual pa- 
tients' clones at both the nucleotide and 
amino acid levels, particularly at the 3' end 
of the region. 

Our results therefore conflict with those 
of Reddy et al. on two counts. First, we 
cannot reproduce the finding of PCR ampli- 
fication of HTLV-I from MS patients' 
DNA. Second, although it is possible that a 

single sequence variant of HTLV-I is associ- 
ated with MS, we consider this unlikely 
because no two patients in the present study 
had identical env sequences. 

PCR amplification has two major draw- 
backs in attempts to isolate low copy num- 
ber or novel retroviruses. First, its exquisite 
sensitivity is such that DNA contamination 
of reaction mixtures is a frequent problem 
(10). Second, PCR readily detects cross- 
reactive endogenous retroviral sequences 
(7). Our results do not exclude the possibili- 
ty that a retrovirus is involved in MS, but 

Fig. 1. Amplification products from nine MS and 
four normal genomic DNA samples are shown 
after 35 cycles of PCR with env-specific primers 
6218 to 6237 and 6656 to 6675 (11). (A) 
Ethidium bromide-stained 1% agarose gel. (B) 
Autoradiograph of Southern transfer from gel, 
hybridized to the internal oligoprobes 6246 to 
6265. Lanes 1 to 9 are MS samples; CONT is 
PCR reaction mixture without template DNA; 
E l  to E4 are normal DNA controls. The ATL is a 
positive control from which I-ITLV-I env and 
long terminal repeat sequences have been cloned. 
The integrity of the DNA samples was demon- 
strated by amplification with HLA-DR-beta-spe- 
cific primers (not shown). 

they suggest that such a virus is unlikely to 
be HTLV-I. 
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A number of reports have suggested a link 
between HTLV-I-like retroviruses and mul- 
tiple sclerosis (MS) (1-3). The association of 
HTLV-I with another chronic neurologic 
disease, tropical spastic paraparesis (TSP) 
( 4 ,  which superficially resembles MS, has 
added to the speculation regarding retrovir- 
uses and MS. The association of a T cell 
tropic virus with an autoimmune disease 
such as MS is particularly inviting because of 
studies indicating some nonspecific defect in 
T cell immune fhction in the disease (5). 

We used the technique of polymerase 
chain reaction (PCR) to examine mononu- 
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dear cell (MNC) populations derived from 
subjects with well-defined MS in geographi- 
cally separate locals. We performed gene 
amplification with HTLV-I gag, pol, and env 
primers that had been previously reported to 
amplify DNA sequences in MNCs fiom 
subjects with MS and also with primers 
deduced from HTLV-I gag and X regions. 
We used care to Drevent cross contamina- 
tion of viral sequences between samples (6) 
and to select subjects with well-defined cases 
of both the chronic progressive (CP) and 
the relapsing remitting forms of MS. 

A total of 47 patients with MS (14 fiom 
London and 33 from Boston), of whom 15 
had CP disease, participated in this study. 
The average age of the patients was 41 years 
(ranging from 18 to 72 years); 46 were 
Caucasian and one was of Afro-Caribbean 
extraction with parents born in the West 
Indies. All were judged to have 
cliically definite MS, as evidenced by more 
than one lesion separated in time of appear- 
ance and location in the central nervous 
system (CNS) (7) and by a positive magnet- 
ic resonance scan of the brain. These indud- 
ed patients with progressive spastic parapa- 
resis who also had unambiguous lesions in 
either the brain stem or the optic nerves. In 
addition, 11 normal individuals and 16 TSP 
patients with a 5- to 30-year history of 
chronic spastic paraparesis were tested. 
None of these patients had clinical signs of 
brain stem or optic nerve involvement of the 
CNS. All 16 TSP patients had HTLV-I- 
reactive antibodies in their sera, as shown by 
immunofluorescence, ELISA, or immuno- 
blot assays (8), while the test results of all 
the MS patients tested were negative. 

We prepared DNA from peripheral blood 
MNCs and amplified each sample for 30 to 
35 cycles using at least three of the six 
different sets of primers (9). In addition to 
primer sequences described by Reddy et al. 
(2) (I11 and VI) (9) and by Greenberg et al. 
(3) (IV and V) (9), two sets of primers were 
used which correspond to the gag and X 
region of the HTLV-I proviral genome (I 
and 11) (9). Patients from the United King- 
dom were tested with gag primers I and I11 
and with X-region primers (11) (9, lo), while 
patients from the United States were tested 
with gag, env, and pol region primers (III- 
VI). As shown in a representative Southern 
blot (Fig. l) ,  MNCs derived fiom the blood 
of subjects with TSP gave strong positive 
signals after PCR, while all of the 47 sam- 
ples derived from the blood of MS patients 
were negative when we used the primers 
outlined above. 

The negative reactivity of blood samples 
from patients with MS may have been due 
to a lack of sensitivity in the PCR technique. 
This appears unlikely, however, for two 

Table 1. Primer sensitivity. Primers were tested against genomic DNA h m  the human T cell line C81- 
66 (C631CRII-4) (11), which contains approximately five integrated copies of HTLV-I per diploid 
genome. C81-66 was serially diluted in DNA from uninfected cells, and 0.5-pg samples containing 
from lo5 to 0.1 C81-66 genomes were tested. 

(281-66 genomes per sample 
Primers 

lo5 104 lo3 lo2 10 1 0.1 

X as in (9) + + + + + +I- - 
Gag as in (9) + + + +I-* +I- - - 
Gag as in (2) + + +I- - - - - 

++I- not consistently positive 

reasons. First, the amplification efficiency of 
the primers was carefully examined. Using 
the X-region primers, we detected five 
copies of HTLV-I diluted in 0.5 pg of DNA 
(Table l ) ,  and high dilutions of samples 
fiom TSP patients gave positive signals with 
pol(IV) and env(V) primers (1: 10,000 with 
the pol primers and 1: 1,000 with the env 
primers, which is equivalent to 10 and 100 
peripheral blood MNCs, respectively). We 
tested the sensitivity of the technique, at the 
same time examining the samples from MS 
patients. 

Second, two DNA samples were kindly 
provided by S. Greenberg (National Insti- 
tutes of Health, Bethesda, Maryland) from 
patients reported to have definite MS and 
whom Greenberg and his colleagues had 
determined to be HTLV-I-positive (3). 
One sample gave strongly positive signals 
with both the pol- and env-region primers 
similar in intensity to those observed in 

Fig. 1. Representative 
Southern blots showing 
pol and env region ene 
amplification t o m  
MNCs derived from 
subjects with TSP and 
MS and from normal 
controls. DNA samples 
from T cells of patients 
with TSP (lane 1) and 
MS (lanes 2 to 11) and 
from normal control in- 
dividuals (lanes 12 to 
16) were amplified in 
the presence of pol and 
env region primers (IV 
and V) for 30 cvcles and 

samples from TSP patients, while the second 
sample was positive for the pol region only. 
Together, these results indicate that lack of 
sensitivity was not the reason for the nega- 
tive results in our subjects with MS. 

Reddy et al. (2) indicated, using PCR, 
that adherent peripheral MNCs were posi- 
tive for HTLV-I sequences, while nonad- 
herent MNCs were not. In 11 of the pa- 
tients we examined, MNCs were separated 
into T cell and non-T cell populations by E 
resetting and were stimulated with phytohe- 
magglutinin and lipopolysaccharide, respec- 
tively, for 3 days before DNA extraction and 
PCR analysis. In all 11 patients, resting and 
activated cell populations were found to be 
negative for HTLV-I sequences. 

In summary, our results fail to demon- 
strate the presence of HTLV-I DNA in 
peripheral blood MNCs fiom a series of 
patients with definite MS. The amplification 
of pol and env sequences from MS patients' 

hybridized wi& pol (A) 
and env (6) probes. MNCs were obtained by Ficoll density gradient cenmfugation and DNA was 
extracted bv cell lvsis in a hmtonic  buffer (0.2 x phosphate-buffered d i e )  at a cell concentration of 
10 x lo6 h r  mi~iliter and Gated to 95°C fbr 10 i i n .  i'roteinase K was added to a final concentration 
of 0.4 mglml, and samples were incubated at 55°C for 30 min, followed by an additional incubation at 
95°C for 10 min. Ten microliters of this DNA preparation (equivalent to 100,000 cells) were amplified 
in a 50-4  reaction for 30 cycles (94°C for 1 min, 55°C for 2 min, 72°C for 3 min) with the use of 1 pg 
of each primer and 2.5 units of Taq polymerase. Serial dilutions of samples from patients with TSP 
resulted in positive signals with 1 : 10,000 dilutions of DNA samples and amplification with pol-region 
primers. Twenty microliters of the reaction were separated on 1% agarose gels, transferred to 
nitrocellulose, and hybridized to 32P-labeled oligonucleotide probes (specific activity of 5 x 10' dpml 
kg) in 6 x  SSC, 0.05% pyrophosphate, 5 x  Denhardt's solution, 0.5% SDS, denatured salmon sperm 
DNA (0.1 mglml), and labeled probe (2 nglml) at 37'C for 18 hours. For probes IV and V, filters were 
washed at a final stringency of 6 x  SSC17O0C; for probes I11 and VI, filters were washed at a final 
stringency of 6 x  SSU55"C and autoradiographed for 2 to 48 hours. Samples from patients with TSP 
consistently gave strong signals after 2-hour exposures. 
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MNCs reported by other investigators (2-3) 
suggests there might be a subgroup of MS 
patients with HTLV-I-like sequences in 
MNCs. Such sequences may also occur in 
subjects without MS, and the significance of 
the observation will require the investiga- 
tion of larger numbers of MS patients and 
control subjects. Our studies do not exclude 
the presence of a distantly related retrovirus 
or some other infectious agent that cannot 
be detected with the six primer pairs we 
used. However, it appears that HTLV-I 
proviral genome is not commonly found in 
patients with definite MS. 
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Response: One argument that Bangham et 
al. make in their comment is that we (1) 
have found an identical env sequence be- 
tween nucleotides 5684 and 6151 in blood 
samples from all the six MS patients and that 
this is virtually impossible because, in their 
opinion, squences of this region must vary 
between individual isolates. In support of 
their contention, they quote their unpub- 
lished data of sequence analysis of polymer- 
ase chain reaction (PCR)-amplified materi- 
al, which I have not had an opportunity to 
examine. This argument reflects the opinion 
of Bangham et al. and is not supported by 
the published data on sequence analysis of 

several cloned proviral HTLV-I genes. In 
support of our argument that a majority of 
HTLV-I proviruses have identical sequences 
in the region we amplified, Fig. 1 (2) shows 
a comparison of the published sequences of 
three different isolates of HTLV-I. One of 
the sequences is that of ATK- 1 isolated from 
a patient with adult T cell leukemia (ATL) 
in Japan in 1982 (3). The MT-2 isolate is 
also from a patient with ATL (4). We 
determined the sequence of the env region of 
this clone. The third isolate, recently isolated 
and sequenced by Tsujimoto et al. (5), is 
from a ~a t i en t  with HAM iHTLV-I-associ- 
ated myelopathy). The sequence of the env 
region that we have used for amplification is 
identical in these three isolates. which were 
obtained at different times and from differ- 
ent disease phenotypes. In addition, we have 
recently cloned and sequenced the HTLV-I 
proviral genome from the peripheral lym- 
phocytes of a TSP patient of Caribbean 
origin (6 ) .  The env region is unaltered in this 
clone also ( 7 ) .  (In fact the sequence of the 
env region amplified from the six MS pa- 
tients differs from that of these four different 
isolates from ATL, HAM, and TSP patients). 
If the argument of Bangham et al. were 
correct, all these published sequences of 
HTLV-I are incorrect, which is unlikely. 

Bangham et al. state they cannot find 
amplification of HTLV-I sequences in the 
nine MS patients they studied. Richardson 
et al. report that they examined the DNA of 
several MS patients for the presence of 
HTLV-I sequences, including those of two 
DNAs originally found to be positive by 
Greenberg et al. (8) with the use of PCR 
assay; they report that they cannot find 
amplification of HTLV-I sequences in the 
MS patients they studied, but they do find 

MT-2 --------.-.------------------------------.---.-------------- 

ti5 --------------------------------------------.--------------. 

ATK-1 TCGACGCTCCAGGATATGACCCCATCTGGTTCCTTMTACCGAACCCAGCCMCTGCCTC 60 
D A P G Y D P I W F L N T Z P S Q L P P  

ATK-1 CCACCGCCCCTCCTCTACTCCCCCACTCTWCCTAGACCACATCCTCGAGCCCTCTATAC 120 
T A P P L L P H S N L D H I L Z P S I P  

MT-2 --------------------------------------------.--------------- 

ti5 ............................................................ 
ATK-1 CATGG~TCAAAACTCCTGACCCTTGTCCAGTTMCCCTACWGCACTMTTATACTT 160 

W K S K L L A L V Q L T L Q S T N Y T C  

ATK-1 G C A T T G T C T G T A T C G A T C G T G C C A G C C T C T C C A C T T G G C A C G  241 
I V C : D R A S L S T W H V L Y S P N V  

... 
ATK-1 TCTCTGTTCCATCCTCTTCTTCTACCCCCCTCCTTTACCCATCGTTAGCGCTTCCAGCCC 300 

S V P S S S S T P L L Y P S L A L P A P  

Fig, 1, Comparison of ATK-1 CCCACCTGACGTTACCATTTAACTGGACCCACTGCTTTGACCCCCAGATTCMGCTATAG 360 
H L T L P F N W T H R F D P Q I Q A I V  

nucelotide sequence of 
three different IITLV-1 ;;-2 -----------------------------------.--..-------------------- 

----------------------------.--.-------.-------------------- 
isolates. The sequence is ATK-I TCTCCTCCCCCTGTCATWCTCCCTCATCCTGCCCCCCTTTTC~TTGT~A~CTGTT~~A 420 

from the env region that S S P C H N S L I L P P F S L S P V P T  

has been used for a m ~ l i -  MT-2 ----------- 
----------- fication of DNA fr'om - I  cCcTAGGATcc ,,, 

MS patients (2). L G S  
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