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ABSTRACT

Human T-cell leukemia virus type I (HTLV-I) is associated with adult
T-cell leukemia/lymphoma (ATLL). To examine the relationship between
defective HTLV-I proviruses and Clinicopathological features, we exam
ined 95 patients with ATLL showing clonal integration of HTLV-I
proviral DNA; 77 patients (81%) showed 1 clonal band, 15 (16%) showed
2 clonal bands, and 3 (3%) showed 3 clonal bands. In addition, the
defective proviral form was detected in 28 patients (29%): 23 (30%) of
the 77 with 1 clonal band, 4(27%) of the 15 with 2 clonal bands, and
1(33%) of the 3 with 3 clonal bands. The numbers of clonal bands had
no association with the presence of defective proviruses. We classified
the 95 patients with ATLL into four types according to Clinicopathological
features (smoldering leukemia, chronic leukemia, acute leukemia, and
lymphoma types). The distribution of patients with the defective form
was not different among these four types. The HTLV-I genomes must
have integrated into the human genome DNA and been deleted partially
in the cells. The defective form was kept during the clinical stage. All
patients with the defective form showed defect of the gag or/and env
region. No patient had a defect of the pX region. These data suggest that
the pX region of HTLV-I must have played an important role in ATLL
genesis.

INTRODUCTION

ATLL3 is a HTLV-I-associated T-cell malignancy. Its char

acteristic Clinicopathological features include a rapidly pro
gressing clinical course accompanied by the appearance of
tumor cells with flower-like nuclei in peripheral blood and
diffuse infiltration of various sizes of neoplastic T-cells with an
irregular nuclear contour (1-3). ATLL can be diagnosed by the
Clinicopathological findings and the presence of integrated pro-
viral HTLV-I DNA in the tumor cells with a helper/inducer
phenotype (4-6). ATLL was clinically classified into four types:
smoldering, chronic, and acute leukemia and the lymphoma
type (7). Recently, it was reported that several patients with
ATLL contained defective proviruses in the tumor cells (8-10).
To study the relationship between defective proviruses and
Clinicopathological features, we examined 95 patients with
ATLL with monoclonal proviral DNA.

MATERIALS AND METHODS

Cell Samples. Biopsy samples of lymph nodes (n = 38), peripheral
blood (n = 50), skin (n = 10), bone marrow (n = 5), stomach (n = 1),
and spleen (n = 1) were obtained from 95 patients with ATLL who
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were clinicopathologically diagnosed from 1985 to 1990 at Fukuoka
and Kyushu Universities and their affiliated hospitals. These patients
showed monoclonal integration of HTLV-I proviral DNA on Southern
blot analysis. The phenotype of the tumor cells was examined by
monoclonal antibodies of CD1, 2, 3, 4, and/or 8 (Dako, Japan), using
the peroxidase-antiperoxidase method or a FACScan analyzer (Becton

Dickinson).
Southern Blot Analysis. DNA was prepared from frozen mononuclear

cells of the above samples. DNA (10 /Â¿g)was digested with EcoRl,
Hindlll, Pstl, or fiamHI and was fractionated and transferred, as
reported previously (11). TCR genes CÃŸ,Jy, and immunoglobulin heavy
chain (JH) were examined for monoclonal population. Fig. 1 shows
the gene structure of HTLV-I. The monoclonal integration of HTLV-
I DNA was examined by digestion of EcoRl, using a full-length HTLV-
I probe (gag, pol, env, pX, LTR). After the dehybridization, gag, env,
and pX probes were used to detect the defective portion of proviral
HTLV-I DNA. The HTLV-I DNA has PsÃ±restriction enzyme sites
but no Â£coRIsite; thus we used EcoRl for monoclonal integration and
Pstl for polyclonal integration.

PCR. The isolated DNAs were used. Specific primers were synthe
sized based on the published DNA sequence (12) (primer pX 1,
ATGCTGGTTTCGCCTTCTCAG; primer pX 2, TAAGGACCTT-
GAGGGTCTTA), corresponding to the pX region (primer env 1,
ATGGGTAAGTTTCTCGCCAC; primer env 2, GTGCTTTGT-
AGGGTTAACTG), corresponding to the env region, and (primer gag
1, ATGGGCCAAATCTTTTCCCG; primer gag 2, GCTATCT-
AGCTGCTGGTGAT), corresponding to the gag region. The amplifi
cation was carried out with the GeneAmp DNA amplification reagent
kit and DNA Thermal Cycler (Perkin-Elmer Cetus, Nonvalk, CT).
After 30 cycles of PCR amplification, one-tenth of the reaction mixture
was analyzed using the Southern blot method (Fig. 2).

Serum antibodies for gag (PI9) and env (GP46) regions of HTLV-I
were measured.

Clinical data were obtained from the charts of the patients and their
prognosis provided by their physicians.

RESULTS

We examined 95 patients with ATLL, showing monoclonal
proviral HTLV-I DNA; 77 (81%) showed 1 clonal band, 15
(16%) showed 2 clonal bands, and 3 (3%) showed 3 clonal
bands. In addition, 28 patients (29%) showed the defective
proviral form: 23 (30%) with 1 clonal band, 4 (27%) with 2
clonal bands, and 1 (33%) with 3 clonal bands. The numbers of
clonal bands had no relation to the number of patients with the
defective form, as summarized in Table 1.

We classified ATLL into four types by Clinicopathological
findings (smoldering leukemia, chronic leukemia, acute leuke
mia, and the lymphoma type) (7). Malignant lymphomas were
diagnosed by the lymphoma-leukemia study group of Japan
classification (13). One (25%) of 4 patients with smoldering
leukemia, 3 (38%) of 8 with chronic leukemia, 8 (29%) of 28
with acute leukemia, and 16 (29%) of 55 with lymphoma
showed the defective form. The percentage of patients with the
defective form was nearly the same for each Clinicopathological
type, as shown in Table 2.

For immunological phenotype, of 57 patients with the
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Fig. 1. Genomic structure of HTLV-I, restriction map, and probe regions, kb,
kilobases; bp, base pairs.

complete form, the CD3+ 4+ 8- phenotype was shown in 46
(81%); 3+ 4+ 8+, in 10 (17%); and 3+ 4- 8- in 1 (2%). Of
the 28 with the defective form, the CD3+ 4+ 8- type was

shown in 24 (86%) and the CD3+ 4+ 8+, in 4 (14%). Regarding
phenotype, there were no definite differences between the com
plete and defective forms.

Clinical features of the patients with the defective form were
compared with those of patients with the complete form. There
was no definite difference in leukocytosis of peripheral blood,
high lactate dehydrogenase, and hypercalcemia, compared with
patients with the complete form.

In the patients with the defective form with multiple HTLV-
I integration, one band showed a defective region'wever, others

kept the region. Otherwise, of the 28 with a defective region
band, there was a defect of the gag portion in 14 (50%), the env
portion in 7 (25%), and both the env and gag in 7 (25%). All
patients with the defective form showed a defect of the gag or/
and env region, but no patient had a defect of the pX region

(Table 3). Of 14 with a gag defect, the gag region could not be
detected by PCR in 7. In all patients with the env defect, the
env region could be detected by polyclonal integration or PCR.
Of patients with both env and gag defects, these regions could
not be detected by PCR in 3. Therefore, 10 patients with the
defective form did not demonstrate the env or gag region by
PCR, but serum antibodies for those regions were present.

All patients with the defective form showed TCR CÃŸand/or
Jf chain rearrangement but no rearrangement of JH.

DISCUSSION

ATLL can be diagnosed by the clinicopathological findings
and the presence of integrated proviral HTLV-I DNA in tumor
cells with a helper/inducer phenotype (4-6). The integrated
sites of provirus genomes are random on the chromosomal
DNA. HTLV-I seems to be the causative factor of ATLL the
tumor cells of which are monoclonal with respect to the site of
provirus integration (5, 6).

Ninety-five patients with ATLL had usually one clonal band
(81 %), but bidonai (16%) and triclonal (3%) bands were present
also in some, and defective proviral genes were detected in each
group with one, two, or three bands (29, 30, and 27%, respec
tively). The results indicate no relation between the percentage
of patients with defective proviral DNA genes and the numbers
of bands. Concerning the immunological phenotype, patients
with the complete or defective form had CD3+ 4+ 8-, 3+ 4+
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Fig. 2. Southern blot analysis. The HTLV-I DNA has a Pst\ restriction enzyme site but no EcoRl site. Thus the monoclonal integration of HTLV-I DNA was
examined by digestion of EcoR\ and the polyclonal integration was digested by Pstl. (a) Case 20. (ft) Case 6. (c) Case 13. (d) Case 27. (b) An EcoR\ digest of patient
DNA analyzed with an envelope probe is negative for envelope sequences, whereas a Pstl digest is positive with the same probe. It means that the HTLV-1 virus with
monoclonal integration had the defect of the envelope region, but the other ones with polyclonal integration had no defect, kb, kilobases; bp, base pairs.
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Table 1 Defective provirus form Â¡nATLL

CompleteOne

clonal band54Two
clonal bands 11Three

clonal bands2Total

67"
Numbers in parentheses, percentage.Defective23

(30)"4(27)1(33)28

(29)Totalcases7715395Table

2 Clinical diagnosis and defectiveprovirusCompleteSmoldering

3Chronic
5Acute
20Malignant

lymphoma39Medium
sized4Large

8Pleomorphic
23Cutaneous
4Total

67Defective1

(25)Â°3(38)8(29)16(29)2410028

(29)Total48285561333495
1Numbers in parentheses, percentage.

Table 3 Defective form of defective cases

Patient123456789101112131415161718192021222324252627Â»27Â»28Age(yr)Sex5758414254355234643545605454583877464045645934546767565663FFMMMMFMMMMFFMFFFMMMMFMMFFMMMClinicaldiagnosis FHTLV-IEcoRl

ft/IPCRill

env gag env gag envgagSmoldering"
1 â€” + â€” / +/Chronic
2 I- -1- + / +/ChronicChronicAcuteAcuteAcuteAcuteAcuteAcuteAcuteAcuteML

(med)ML
(med)ML
(large)ML
(large)ML
(large)ML
(large)ML
(pleo)ML
(pleo)ML

(pleo)+

-/ + /++
â€” / â€” /â€”â€”
+ + / +/â€”
+ + / +/!!-+

+ / +/+
-/-/++
â€” / â€” /â€”!

+ S- / + /+_____)__â€”

â€” â€” â€” ++______â€”

â€” + â€” ++!!-+
+ / +/+

â€” / â€” /â€”+
â€” / â€” /+______â€”

+ â€” / +/+
â€” / â€” /â€”+
â€” / â€” /+ML

(pleo) 1+-/-/-ML
(pleo) 1 +-/-/+ML
(pleo) 1+-/-/-ML
(pleo) 1+-/-/-ML
(pleo) 1 + -/-/+ML
(pleo) 2 I- S- + + ++ML
(pleo) 2 I- S- + + ++ML
(pleo) ---- + +

Â°Smoldering, smoldering leukemia (ATLL); acute, acute leukemia (ATLL);

chronic, chronic leukemia (ATLL); ML, malignant lymphoma; pleo, pleo-
morphic; med, medium-sized; /, not done; number, band number of integration
or rearrangement; I, inferior band defect; S, superior band defect.

4 Same case.

8+, and 3+ 4- 8- phenotypes in nearly the same ratio (81, 17,
and 2% for the former and 86, 14, and 0% for the latter,
respectively). Clinicopathological features (7) also did not relate
to the defective form. In summary, the numbers of integration
bands, immunological phenotype, and Clinicopathological fea
tures were not related with defective form of HTLV-I. From
these results, the HTLV-I genomes must have integrated ini
tially into the human genome DNA with the complete form
and been deleted partially after the integration.

Recently, defective proviruses were detected in ATLL cells
of peripheral blood. The analysis of a molecularly cloned pro-

virus from fresh leukemic cells indicated that the small defective
genome was formed by simple deletion of most of the sequence
of 5'-LTR, gag, pol, and env, thus leaving the pX and 3'-LTR
region intact (9). The findings of the 5'-LTR sequence sug

gested that the deletion had occurred after integration of the
complete provirus into cellular DNA, but before monoclonal
growth of the leukemic cells. This preferential conservation of
these regions indicates that they might have some function in
promoting the growth of leukemic cells (9). In ATLL, defective-
type viruses were reported, but in HTLV-I-associated myelop-
athy, a defective type was not present (8). In vitro, HTLV-I was
transmitted to human promyelocytic leukemia HL60 cells. Of
14 provirus-positive HL60 clones, 5 harbored only the defective
provirus, 5 had defective proviruses in a addition to full-sized
HTLV-I, and 4 had full-sized proviruses integrated in their

chromosomes. In these defective proviruses the pX region is
well conserved despite the frequent deletion of other structural
genes such as gag, pol, and env (14). In our series, 28 (29%) of
95 patients with ATLL showed defective proviral HTLV-I of
gag and/or env. This rate is almost the same as those reported
previously (8-10). Serologically, the patients with defective env
and/or gag, as shown by PCR, showed antibodies for gag and
env regions. Thus, at first, HTLV-I must have integrated into
human genomes, thus keeping the full genome form, but at the
time of integration, or after the integration and before neoplas-
tic clonal growth, env and/or gag must have been deleted.

Twenty-seven of 28 patients who had ATLL with the defec
tive form showed TCR CÃŸrearrangement or deletion, as indi
cated in our previous report (6). However one remaining patient
with no rearrangement of TCR CÃŸhad four weak rearranged
bands of TCR Jy. The case was categorized as smoldering
leukemia with monoclonal HTLV-I provirus integration, but it
might represent the reactive state, as the HTLV-I-associated
lymphadenitis.4

Almost all of the patients with two clonal integration bands
showed one TCR rearranged band, but 3 (2 with the complete
form and 1 defective) with the 2 integration bands showed 2
rearranged bands of TCR CÃŸand Jy. They must have been
composed of two clonal cell lineages. Two different cells with
HTLV-I integration must have undergone neoplastic changes.
In those cases, HTLV-I polyclonally had integrated into the
human genomes at first, and then some factors selected two
cells, which developed neoplastic potentiality at the same time.

In vitro, HTLV-I has two trans-acting regulator genes, tax
and rex, in the pX region. The tax gene is a fra/zs-acting
transcriptional activator of the LTR and also of the cellular
gene for interleukin 2RÂ«.The latter seems to explain the
initiation of abnormal growth of HTLV-I-infected cells. The
rex gene is a posttranscriptional regulator, accumulating gag
and env mRNA and also indirectly suppressing the transcrip
tion (15). The growth-stimulating activity was induced only by
the tax gene in NIH3T3 cells and Rat-1 cells. Furthermore, the
tax gene induced tumorigenicity in nude mice when introduced
into Rat-1 cells. The tax gene is clearly identified as a viral

oncogene without a cellular homologue (16). In our in vivo
series, 28 patients with ATLL (29%) showed a defective HTLV-
I provirus form of env and/or gag deletion, but the pX region
was not deleted in any; therefore, the pX region, which includes
the tax and rex genes, might have a close relationship to
neoplastic changes.

4K. Ohshima, M. Kikuchi, Y. Masuda, Y. Sumiyoshi, F. Eguchi, H. Mohtai,
M. Takeshita, and N. Kimura. HTLV-I associated lymphadenitis, submitted for
publication.
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