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Several recent studies have reported detection of
HTLV-I genetic sequences in patients with cutane-
ous T-ceUlymphoma (CTCL) including mycosisfun-
goides and Sezary syndrome. The purpose of this
study was to determine whether HTLV-I was de-
tectable in lesional tissues of patients suffering
from diseases known to be associated with CTCL
Thirty-five cases were obtainedfrom diverse geo-
graphical locations including Ohio, Cal*fornia,
Switzerland, andJapan. Six of them had concur-
rent CTCL Cases were analyzed using a combina-
tion ofgenoicpowmerase chain reaction (PCR)/
Southern blot, dot blot, and Southern blot analyses.
Al assays were specificfor HTLV-Iprovirus. Sen-
sitiVily rangedfrom approXimately 10-6for PCR-
based studies to 10-2 for unampUfied genomic
blotting. Lesional DNAfrom patients with 4Eympho-
matoidpapulosis (fourteen cases), Hodgkin's dis-
ease (twelve cases), and CD30+ large-cell lym-
phoma (nine cases) was tested for the HTLV-I
proviral pX region using a genomic PCR assay
followed by conflrmatory Southern blot analysis
with a nested oligonucleotide pX probe. Al cases
were uniformly negative. Al of the Hodgkin's dis-
ease cases, eight ofthe large-cell 4ymphoma cases,
and six ofthe lymphomatoidpapulosis cases were
then subjected to dot blot analysis ofgenomic DNA
using aful-length HTLV-IproviralDNAprobe that
spans al regions ofthe HIl V-I genome. Again, aU
cases were negative. Finally, eleven of the

Hodgkin's disease cases were also subjected to
Southern blot analysis of EcoRI-digested genomic
DNA using the samefull-length HTLV-Iprobe. Once
again, aU cases were negative. Theseflndings indi-
cated that, despite utlization ofa variety ofsensi-
tive and specific molecular biological methods,
HTLV-I genetic sequences were not detectable in
patients with CTCL-associated 4ymphoproliferative
disorders. These results strongly suggest that the
HTLV-I retrovirus is not involved in the pathogen-
esis of these diseases. (Am J Pathol 1997,
150:667-673)

Cutaneous T-cell lymphoma (CTCL) is a CD4+ T-cell
neoplasm consisting of mycosis fungoides and its
leukemic variant, the Sezary syndrome.1 Although
the etiology of CTCL remains to be determined, sev-
eral recent studies have suggested a role for the
HTLV-l retrovirus in the pathogenesis of this lympho-
proliferative disorder. It has been postulated that
portions of the HTLV-l RNA genome, reverse tran-
scribed into proviral DNA, become integrated into
the host T-cell genome and result in clonal expan-
sion via deregulation of cellular activation and prolif-
eration mechanisms.2'3 The primary evidence for this
hypothesis has come from molecular biological stud-
ies in which various portions of the HTLV-1 genome
have been detected in lesional tissues or cell lines
obtained from CTCL patients.4-13 The full-length
HTLV-1 genome is approximately 9 kb long and con-
sists of gag, pol, env, and pX regions flanked by long
terminal repeat sequences.2 Of these regions, the
one most commonly detected in CTCL specimens
has been the pX. This region contains the tax and rex
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Table 1. CTCL-Associated Lymphoproliferative Disorders: Clinicopathological Features of the 35 Cases Studied

Diagnosis Lesional tissue Number of cases Geographic origin (n)

Lymphomatoid papulosis* Skin 14 Ohio (13), Switzerland (1)
Hodgkin's diseaset Lymph node 9 California (11), Japan (1)

Lung, mediastinum, subcutis 3
Primary cutaneous CD30+ Skin 8 Switzerland (3), Japan (3)
Large-cell lymphomat Lymph node 1 Ohio (2), California (1)

*Includes three cases of lymphomatoid papulosis/mycosis fungoides and one case each of lymphomatoid papulosis/large-cell
lymphoma, lymphomatoid papulosis/large-cell lymphoma/mycosis fungoides, and lymphomatoid papulosis/Hodgkin's disease/mycosis
fungoides. HTLV-1 serology was negative for all four cases tested.

tincludes seven cases of mixed cellularity subtype and five cases of nodular sclerosing subtype. One case was HTLV-1 seronegative
Hodgkin's disease from an HTLV-1-endemic region of Japan.

tlncludes one case each of large-cell lymphomaAlymphomatoid papulosis, large-cell lymphoma/mycosis fungoides, and large-cell
lymphoma/lymphomatoid papulosis/mycosis fungoides. The latter two cases represent transformation of mycosis fungoides to large-cell
lymphoma. All cases were anaplastic large-cell lymphoma except the three Ohio and California cases, which were the immunoblastic
subtype. Three cases were HTLV-1 seronegative anaplastic large-cell lymphoma from an HTLV-1-edemic region of Japan. One additional
Ohio case also known to be HTLV-1 seronegative.

genes, which encode regulatory proteins capable of
altering T-cell function.2'3

In the present study, we employed a variety of
molecular biological methods to determine whether
HTLV-1 proviral DNA sequences were detectable in
fresh-frozen lesional tissues obtained from 35 pa-
tients suffering from diseases known to be associ-
ated with CTCL. These disorders included lympho-
matoid papulosis, Hodgkin's disease, and primary
cutaneous CD30+ large-cell lymphoma of T-cell lin-
eage. In addition, 6 of these patients also had con-
current CTCL.

Materials and Methods

Tissue Specimens
All tissue specimens were obtained with informed
consent and human subjects committee approval.
All diagnoses were established using standard clin-
icopathological criteria.1 Details concerning diagno-
sis, tissue source, geographic origin, associated dis-
eases, and HTLV-1 serology are included in Table 1.
Genomic DNA was extracted from specimens using
identical standard techniques.14

Polymerase Chain Reaction (PCR) Using pX
Primers

PCR reactions were performed according to stan-
dard methods.15 The buffer used for the pX PCR was

50 mmol/L KCI, 10 mmol/L Tris/HCI (pH 8.0), 0.2
mmol/L of each dNTP, 1.0 mmol/L MgC12 in sterile
type I H20. Each reaction mixture had a total volume
of 50 ,ul, which contained 35 ,ul of pX buffer, 20 pmol
of each pX primer (described previously by Hall et
a16), 2.5 U of Amplitaq DNA polymerase, 2 ,ug of
template DNA, and sterile type H20. Before the

template DNA and Amplitaq DNA polymerase were
added to the reaction mixture, the pX buffer and
primers along with the sterile type H20 and overlay
mineral oil were exposed to 254-nm and 307- to
312-nm ultraviolet light for 20 minutes to reduce PCR
contamination. The reactions were performed in a
DNA thermal cycler 480 (Perkin-Elmer, Norwalk, CT).
Thermal cycling consisted of 30 cycles, with 1
minute of denaturation at 940C, 1.5 minutes of an-
nealing at 560C, and 2.0 minutes of extension at
720C.

Southern Blot Analysis ofPCR Products

Aliquots (10 ,ul) of each reaction were electropho-
resed on a 0.8% agarose gel at 100 V and trans-
ferred onto a nylon membrane using a Vacugene
transfer apparatus. After transfer, the membrane was
auto-cross-linked in a Stratlinker and then washed in
4X standard saline citrate (SSC). The membrane was
prehybridized and then hybridized using a nested
oligonucleotide pX probe (described previously by
Hall et a16) and incubated at 550C on a rocker for 24
hours. After hybridization, the membrane was
washed with 2X SSC/0.1% sodium dodecyl sulfate
(SDS) at room temperature for 5 minutes, 2X SSC/
0.1% SDS at room temperature for 15 minutes, and
0.5X SSC/0.1% SDS in a 370C shaker bath for 30
minutes. The membrane was placed into an x-ray
cassette with intensifying screens and film and then
placed into an 800C freezer for 17 hours.

Dot Blot Analysis Using HTLV-I Proviral
Clone
A dot blot manifold apparatus from Schleicher &
Schuell (Keene, NH) was used for this procedure.
Before assembling the manifold and attaching the
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vacuum line, the blotter paper and nylon membrane
were both moistened with deionized H20. Each des-
ignated well was loaded with 500 ,ul of 4X SSC, 10
jig of DNA, 500 pkl of denaturation solution, 500 ,ul of
neutralization solution, and 500 ,ul of 20X SSC. Be-
tween each solution and the DNA, the vacuum was
applied until transferred through. The membrane
was then auto-cross-linked and washed as de-
scribed above. The membrane was prehybridized
and then hybridized with a radiolabeled 8.5-kb
HTLV-I fragment, 25 ng of DNA (obtained from Dr.
Chou-Zen Giam, Case Western Reserve University)
according to the protocol in the Gibco BRL
RadPrimer labeling system (18528-011, Gibco BRL,
Gaithersburg, MD). After hybridization, the mem-
brane was washed for 5 minutes at room tempera-
ture with 2X SSC/0.1% SDS, 10 minutes at room
temperature with 2X SSC/O.1% SDS, and 30 minutes
at 600C with 0.lX SSC/0.1% SDS. The membrane
was exposed to x-ray film, using intensifying
screens, for 7 days in a -80°C freezer.

Genomic Southern Blot Analysis Using
HTLV-I Proviral Clone
A 10-,ug amount of each EcoRI-digested DNA sam-
ple in a volume of 15 Al plus 15 A1 of 2X loading
buffer were electrophoresed on a 0.8% agarose gel
that ran at 40 V overnight. The electrophoresed DNA
was then transferred onto a nylon membrane, auto-
cross-linked, and washed as described above. The
membrane was prehybridized and then hybridized
at 420C for 24 hours with 25 ng of the same radiola-
beled 8.5-kb HTLV-I probe as described above. The
membrane was washed and autoradiographed as
described in the section immediately above.

Controls
The integrity of all DNA extracts was verified by
genomic PCR of the nucleophosmin cellular gene
followed by confirmatory Southern blot analysis us-
ing a nested oligonucleotide probe as described
previously by us.16 In addition, the majority of cases
were also tested by genomic PCR of T-cell recep-
tor--y gene rearrangements as another control for
DNA integrity as well as T-cell DNA content. Primers
and methods were identical to those reported previ-
ously by us.17 The MT4 T-cell line was used as a
positive control for HTLV-1 provirus. The Jurkat T-cell
line, reactive lymphoid tissues, and normal skin were
used as negative controls. All sensitivity controls
were performed using MT4 positive control DNA di-

luted in human cutaneous and lymphoid tissue DNA
to control for any potential PCR inhibitors in DNA
preparations. The same DNA the integrity of which
was verified as noted above was used for genomic
dot blot and Southern blot analyses. DNA integrity
was further confirmed by hybridization with a 2.1-kb
T-cell receptor-y probe1 and, for Southern blots, by
visual inspection of DNA in gel lanes after electro-
phoresis and transfer to nylon membranes, and by
detection of a positive signal for HTLV-1 in lanes
containing DNA from the MT4 positive control.

Results

PCR Analysis ofpX Region
The HTLV-I pX region is the one that has been de-
tected most commonly in CTCL specimens using
PCR techniques.413 Therefore, we focused our at-
tention on a highly conserved 126-bp portion of the
pX region extending from nucleotide 7596 to nucle-
otide 7722.6 The HTLV-1-infected MT4 T-cell line was
used as a positive control and the HTLV-I-negative
Jurkat T-cell line was used as a negative control. The
specificity of the PCR assay was confirmed by
Southern blot analysis using a nested oligonucleo-
tide pX probe and by nucleotide sequencing of the
PCR product amplified from the MT4 positive control.

Using the PCR/Southern blot assay, lesional
genomic DNA extracted from the following cases
was tested for the 126-bp pX proviral DNA se-
quence: 14 cases of lymphomatoid papulosis, 12
cases of Hodgkin's disease, and 9 cases of primary
cutaneous CD30+ large-cell lymphoma of T-cell lin-
eage. The clinicopathological features and geo-
graphical origins of these cases are summarized in
Table 1. All cases were uniformly pX negative includ-
ing four HTLV-I seronegative cases from an HTLV-I-
endemic region of Japan and second specimens
from 2 of the lymphomatoid papulosis cases. Repre-
sentative results are illustrated in Figure 1. Figure 2
shows representative controls for DNA integrity in-
volving a PCR product amplified from the nucleo-
phosmin gene.

For each PCR analysis, 2,ug of template DNA was
used. Titration experiments determined that the pX
PCR product was still readily detectable by Southern
blotting at a 10-6 dilution of MT4 target DNA into
human cutaneous and tonsil DNA. This suggested
that any specimens containing more than approxi-
mately 1 in 106 HTLV-1-infected cells should have
been pX positive in this PCR/Southern blot assay.
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Figure 1. HTLV-Ipx PCR/Southern blot analysis ofHodgkin's disease,
CD30( large-cell lympboma, and lympbomatoidpapulosis. By South-
ern blot analysis ofpX PCR products using a nested oligonucleotide
probe, MT4positive control lanes (MT4 orP) show the expected 126-bp
pX PCR product. All otber lanes are negative including 10 cases of
Hodgkin Is disease(H; (top panel), 5 cases oflarge-cell lymphoma (LCL,
middle panel), 7 cases of lymphomatoid papulosis (1; lower panel),
and negative controls including the Jurkat T-cell line (fU or J),
carry-over (CO or C), and blanks (BL or B).

Dot Blot Analysis of HTLV-I
The PCR/Southern blot analysis provided strong ev-
idence against the presence of pX proviral se-
quences in lesional tissues of CTCL-associated dis-
eases. However, the possibility remained that
portions of the HTLV-1 provirus other than the pX
region were integrated into host DNA. Therefore,
among those specimens with sufficient DNA, we
elected to utilize a genomic dot blot technique incor-
porating a radiolabeled 8.5-kb HTLV-l proviral DNA
clone as a probe. Using this assay, we could effec-
tively screen for all major regions of the HTLV-I ge-

Figure 3. HTV-I dot blot analysis ofHodgkin's disease, CD30' large-
cell lymphoma and lymphomatoid papulosis. By dot blot analysis of
lesional DNA using an 8.5-kb HTLV-I proviral clone as probe, MT4
positive control dots show the expected strong signal whereas 10 cases
ofHodgkin's disease (unlabeled dots in the 3 x 4 array; top panel), 4
cases oflarge-cell lymphoma (L), 5 cases oflymphomatoidpapulosis(;
bottom panel), and the Jurkat T-cell line negative controls () are
negative.

nome simultaneously. All 12 cases of Hodgkin's dis-
ease, 8 cases of CD30+ large-cell lymphoma, and 6
cases of lymphomatoid papulosis were tested using
this approach. As with the PCR assay described
above, all cases tested by dot blot analysis were
uniformly negative. Representative results are illus-
trated in Figure 3. Figure 4 shows representative
controls for DNA integrity using a T-cell receptor J-y
probe.

CL L L L L L I, L L L L L HH HJ
OY Y Y Y Y Y C C C C C C D D D U

P P P PP P L L L L L L R
Figure 2. Nucleophosmin controlfor the integrity ofDNA used in PCR
assays. PCRfollowed by Southern blotting using a nested oligonucle-
otide probe shows the expected 185-bp band in all tissue samples
including six cases of lymphomatoid papulosis (LYP), six cases of
large-cell lymphoma (LCL), three cases ofHodgkin's disease (HD), and
theJurkat T-cell line (fUR). Only the carry-over (CO) negative control
lane lacks this band.

Figure 4. T-cell receptorJ-y probe controlfor the integrity ofDNA used
for genomic dot blotting and Southern blotting. The same membrane
shoum in the topportion ofFigure3 was stripped and rprobed with the
Jy probe. All samples ofHodgkin's disease (unlabeled dots in the 3 x
4 array), the Jurkat T-cell line (f), and the MT4 T-cell line (MT4)
exhibit a positive signal.
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Figure 5. HTLV-Isouthern blot analysis ofHodgkin's disease. By South-
em blot analysis ofEcoRI-digested lesional DNA probed with the same
8.5-kb HTLV-Iproviral clone used as a probefor dot blot analyses, the
MT4 positive control shows a ladder of clonally integrated HTLV-I
proviralfragments. All other lanes are negative including 10 cases of
Hodgkin's disease (H) and blanks (B).

For each dot blot analysis, 10 ,Ag of lesional DNA
was used. Titration experiments determined that this
assay was sensitive down to a level of 0.05 ,tg of
MT4 DNA diluted in tonsil DNA. This suggested that
any specimen containing more than 0.5% HTLV-1-
infected cells should have been clearly HTLV-1 pos-

itive in this dot blot assay.

Southern Blot Analysis of HTL V-I

In 11 of our cases of Hodgkin's disease, we had
sufficient DNA for additional tests. Therefore, we de-
cided to confirm our negative dot blot results using
Southern blot analysis of EcoRI-digested genomic
DNA. The HTLV-1 genome has no internal EcoRI
sites; therefore, each clonally integrated HTLV-1 pro-

virus gives rise to a single band in this type of assay.

We used the same 8.5-kb proviral probe used pre-
viously for the dot blots. As expected, the MT4 pos-

itive control showed a ladder of clonally integrated
HTLV-1 proviral inserts; however, the Hodgkin's dis-
ease cases were uniformly negative. Representative
findings are illustrated in Figure 5.

Discussion

It is well established that patients with CTCL are at
increased risk for a variety of other lymphoprolifera-

tive disorders including lymphomatoid papulosis,
Hodgkin's disease, and CD30+ large-cell lympho-
ma.1 Although still controversial, several recent stud-
ies have shown evidence of HTLV-l proviral integra-
tion in lesional tissues and cell lines established from
CTCL patients.4-13 Therefore, it was plausible that
CTCL-associated diseases might also involve
HTLV-l infection. This possibility was strengthened
by recent studies that showed that, when more than
one of these diseases occurred in an individual pa-
tient, they all shared the same clonal origin.17-20
Furthermore, our patient group included several who
suffered from more than one of these disorders or
concurrent CTCL itself (see Table 1).

Nevertheless, our findings were consistently neg-
ative. This argues strongly against any direct role for
HTLV-l in the pathogenesis of CTCL-associated lym-
phoproliferative disorders. The variety of molecular
biological methods that we employed were both sen-
sitive and specific. Sensitivity studies showed that
our genomic PCR/Southern blot assay can detect
approximately 1 in 106 cells containing HTLV-l pro-
virus. Furthermore, the absence of HTLV-1 was sub-
stantiated not only by PCR but also by unamplified
dot and Southern blotting using a full-length proviral
probe spanning all regions of the HTLV-1 genome.
Although the 0.5% sensitivity limit of the genomic
blotting does not exclude the possibility of HTLV-1
provirus in less than this proportion of cells, it does
exclude greater densities of HTLV-l, corroborates
the highly sensitive PCR findings, and makes it un-
likely that the PCR data represent false negatives
due to selective deletior of pX primer template se-
quences in truncated forms of HTLV-1 provirus. In
aggregate, these molecular biological studies
screened for all major regions of the HTLV-l genome,
including the pX region, which is the portion of
HTLV-l that has been detected most commonly in
previous studies of CTCL.4'-13 The pX region in-
cludes the tax gene, which encodes a protein that
complexes with the host cyclic-AMP-responsive ele-
ment-binding protein, CREB, to form transacting
transcriptional activators of HTLV-1 genes and other
genes such as interleukin-2, interleukin-2 receptor,
adenovirus E3, granulocyte/macrophage colony-
stimulating factor, c-fos, c-sis, and the SV40 enhanc-
er.2 3 The pX region also includes the rex gene. Like
tax proteins, rex proteins are essential for HTLV-1
replication, but unlike tax, rex products appear to act
chiefly at the post-transcriptional level to regulate
viral gene expression.2'3

Our results are in agreement with a 1991 study of
childhood lymphomas from Taiwan in which all twen-
ty-three cases of non-Hodgkin's lymphoma tested
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were negative for HTLV-I provirus as assessed by
Southern blot analysis of EcoRI-digested DNA ex-
tracted from frozen lesional specimens.21 Six of
these twenty-three cases were peripheral T-cell lym-
phomas including two CD30+ anaplastic large-cell
lymphomas, three CD30- large-cell immunoblastic
lymphomas, and one CD30- diffuse medium-sized-
cell lymphoma. Our findings are also in agreement
with a 1995 study of CD30+ anaplastic large-cell
lymphoma from an HTLV-l-endemic region of Ja-
pan.22 Among the HTLV-l-seronegative cases, none
of seven tested using Southern blot analysis showed
any evidence of HTLV-1 proviral integration.

Our results differ from those of a 1990 German
study in which six cases of CD30+ large-cell lym-
phoma showed evidence of HTLV-l proviral integra-
tion by genomic Southern blot analysis using a full-
length HTLV-1 probe and/or by PCR analysis using
pol region primers.23 Interestingly, this same study
found no evidence of HTLV-1 in four cases of CTCL
analyzed concurrently. There are several potential
explanations for the discrepancy between our cur-
rent findings and those of this former study. First,
there may have been technical difficulties with the
specificity of the assays used in the 1990 study. For
example, the identity of pol PCR products was not
confirmed by nested Southern blotting. Second, the
cases in the former study might have been unrecog-
nized variants of ATL, which is well known to be
HTLV-1 associated,2 to contain CD30+ anaplastic
large cells in some cases,22'23 and to have a wide
variety of clinicopathological presentations.2224 In
this context, it is interesting that, although only one of
the large-cell lymphoma patients in the 1990 study
was tested for anti-HTLV-1 antibodies, he was in fact
HTLV-l seropositive as would be expected for ATL
presenting as CD30+ anaplastic large-cell lympho-
ma.22 Third, there may be geographical differences
regarding the association of HTLV-l with CD30+
large-cell lymphoma analogous to the geographical
differences in the association of Epstein-Barr virus
with endemic versus nonendemic forms of Burkitt's
lymphoma.11 This latter possibility is made less
likely by the relatively diverse geographical origin
of our cases, which included Switzerland, Ohio,
California, and an HTLV-1-endemic region of Japan
(see Table 1).

It will be important to confirm our findings in addi-
tional cases of CTCL-associated diseases obtained
from an even greater variety of global locations. At
present, however, our results do not support any role
for the integration of HTLV-1 proviral DNA in the
pathogenesis of lymphomatoid papulosis, primary
cutaneous CD30+ large-cell lymphomas of T-cell lin-

eage, or the nodular sclerosis and mixed cellularity
subtypes of Hodgkin's disease.
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