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These reports provided the basis for another study that showed that
immortalized HTLV-1-positive cell lines expressing the T-cell or
myeloid cell phenotype could be generated by infecting leukemic
human bone marrow in vitro (8). The inclusion of HTLV-1 analyses
in the screening of blood donations has initiated extensive efforts to
optimize the sensitivity and reliability of both serological and PCR
mediated techniques for detection of this virus.

Here, we have reevaluated an immunofluorescence-based serolog
ical assay for HTLV (9) with two-step PCR-mediated detection of the
p0! and tax genes. In those disease groups in which HTLV positivity

had been ascertained, association of HTLV-1 with the presence of
karyotype abnormalities within malignant cells was studied to define
a putative role of viral genes in disease etiology.

Materials and Methods

Samples. For this study, blood samples from 730 patients [65 MDSs, 13

chronic myeloid leukemias, 46 AMLs, 27 T-cell neoplastic diseases (1 T-ALL
and 26 NHIJH,'T-cell lymphomas), 295 B-cell non-Hodgkin's lymphomas, 28
myelomas, 30 cytopenias, 169 myeloproliferative diseases, and 57 anemias]
were analyzed. Blood samples from 44 cases with lymphadenitis, 10 multi
transfused persons with nonhematological diseases, and 156 healthy donors
were used as controls. All patients were classified according to the established
systems (10â€”12).Those cases in which HTLV-l had been detected during the
course of a first screening were analyzed at least three times at intervals of a
minimum of 2 months. Materials included PBMCs and serum from the same
blood samples stored frozen at â€”20Â°C.All serum samples were HIV negative
using commercial antibody tests. For serological analysis, a HTLV-l EIA

(Abbott HTLV-l-EIA) was applied to samples from 516 cases. Samples from
250 of these cases and from 74 cases that had been additionally analyzed by

PCR were also analyzed with an indirect IFA (Waldheim HTLV IFA) supplied
by Waldheim Pharmazeutika (Neufeld, Austria).

DNA Amplification. Whole cell lysates were preparedfrom iO@uncul
tured peripheral MNCs. PCR and hybridization of HTLV-specific PCR prod
ucts were carried out as described previously (14). In addition, nucleotide
sequencing of PCR products obtained by the pol or tax primer pairs was

performed by an automatic sequencing system (Applied Biosystems) that
confirmed that no DNA sequences other than those from HTLV-1 had been
amplified with these primers.

Cytogenetics. Cytogenetic analyses from 1 T-ALL and 1 pleomorphic
NHLJH/T as well as 46 MDSs were carried out as described elsewhere (13).

Results

Abstract

In addition to a few disorders such as acute T-cell leukemia that are
typically associated with the human T-cell leukemia virus (HTLV) 1 in
endemic regions, this virus may also play a role in some other hemato
logicaldiseases.Here, weexaminethe incidenceofHTLV in hematological
diseases from a nonendemic region in central Europe. Data obtained by

PCR and/or serological techniques from a total of 730 cases showed that
besides the expected presence of HTLV-1 in T-lymphoid diseases (2 of 27
cases), HTLV-1 was only detected in myelodysplastic syndrome (MDS), in
which an incidence of 17% (11 of 65 cases) was found. A correlation with
a history of multiple transfusions or treatment with blood products in the
HTLV-1-positive MDS could not be ascertained. Cytogenetics detected the

presence of del(5)(q) in six HTLV-positive cases (five MDS and one T-cell
acute lymphocytic leukemia) but in only one HTLV-negative case. These
data indicate that allelic deletions of a series of Sq-located genes that

typically occur in MDS may be associated with HTLV infections in central
Europe.

Introduction

Isolated in 1980, HTLV-13 was the first human retrovirus to be
described (1). HTLV-l was found to be etiologically related to a rare

type of T-cell leukemia and endemic lymphomas as well as to non
neoplastic diseases such as human myelopathy and multiple sclerosis
(2). The main endemic regions for HTLV-1 are southeastern Japan,
the Caribbean, and equatorial Africa. In European countries, only a
few cases of HTLV-l-associated diseases have been described (3).
The risk of transmitting HTLV-1 in blood has been estimated to be 1
in 641,000 in the European population (4), and this fact has nourished
controversial discussions. Nevertheless, screening of blood donations
in Europe is recommended, because HTLV-1-positive individuals
constitute an important source of virus dissemination (5). It is known
from endemic areas that most recipients of the reactive units do not
develop the disease. However, in view of previous studies that showed
that peripheral MNCs obtained from leukemic patients are more
susceptible to HTLV-l infection than MNCs collected from healthy
donors (6), it should be considered that leukemia patients have a
higher risk of gaining a HTLV-1 infection. Moreover, the presence of
cancerigenic/mutagenic agents during the course of HTLV-1 infection
seems to improve the efficiency of virus-induced immortalization (7).
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Screening of HTLV-1 by PCR and/or Serology. Among the 730
cases of hematological disease and the 210 controls tested, HTLV-1
was found in 13 cases (Table 1), including 11 of 65 MDSs as well as
1 T-ALL and 1 pleomorphic NHIJHPF. The HTLV-1-specific Se
quences were detected in each of these 13 samples by 2 HTLV-1

specific primer sets that amplified typical sequence motifs from the

pOl and tax genes. PCR-mediated detection of HTLV-1 in the two
T-cell neoplasias was easily accessible with single-step PCR, indicat
ing a presence of this virus in more than 1 in 1000 cells. Sequencing
of tax and pol amplicons confirmed that only HTLV-1-specific se
quences (15) had been amplified, thus excluding a simple cross
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Table 2 Cases with clear evidence of HTLV-IinfectionCaseAge

(yr)/sexDiagnosisTransfusionsCytogenetics consideringSqA.MDS/RA,

6 cases
19%(6/31)FM

RS81/F 82/FMDS/RA MDS/RA56
Eryconcâ€•4@, XX, del(S)(ql3q3l)

NDâ€•SA62/MMDS/RA252
Eryconc + 9 Platconcc4fl, XY,del(S)(q23q34)WE81/MMDS/RAI

12EryconcNDKR45/MMDS/RA46,
XY,del(S)(ql3q3l)Ri79/FMDS/RA46,
XX,del(S)(ql3q3I)B.MDSIRAEB,

1 case
9%(1/11)FA65/FMDS/RAEB46,

XX, randomlossesC.2
MDSIRAEBt
67%(2/3)FK74/MMDS/RAEBt47,

XY, -20+2marpJ82/FMDS/RAEBt47-SI,
XX, del(S)(ql3q3I), â€”21,2-SrD.2

MDS/CMML
15%(2/13)KH61/FMDS/CMMLNDKA78/MMDS/CMML123

Eryconc46, XY, lqh+(c?)E.T-celI
neoplasias

7.4%(2/27)ME30/FNHIJH/T
pleomorph46, XX, randomaberrationsRM72/MT-ALL48,

XY,der(l), +2, der(S)del(S)(q13q33), der(9),
der(ll),der(l6), â€”17,+2mar

iniv @rMYELODYSPLASTICSYNDROME

Table 1 HTLVevaluation of 730 patientsand2lO controls thus provides a background of confidence for the results of 590 cases
that were only analyzed with EIA and the results of 58 cases in which
cells were available for PCR, but no serum samples were available for
IFA or EIA.

Description and Cytogenetics of the HTLV-1-positive Cases
and HTLV-l-negative MDSs. The data of the HTLV-l-positive and
-negative cases that are depicted in Tables 1 and 2 indicate an
association of the virus with MDS in general. Clinical features of all
13 HTLV-l-positive cases, including the results of cytogenetics from
10 cases, are summarized in Table 2. HTLV positivity was detected in
one T-ALL and one pleomorphic NHLJHI1'. Among the MDSs,
HTLV-l-positive cases were found within the subgroups RA at an
incidence of 19% (6 of 31), RAEB at an incidence of 9% (1 of 11),
RAEBt at an incidence of 67% (2 of 3), and CMML at an incidence
of 15% (2 of 13).

Until now, we could not detect any HTLV-positive cases in the
subgroup of acquired idiopathic sideroblastic anemia (seven cases).
An association of HTLV-1 positivity with a particular subgroup of
MDS cannot yet be proved statistically, in view of the small number
of cases.

Only four of these cases had received erythrocyte concentrates (one
case combined with platelet concentrates). In addition, HTLV-l neg
ativity in 10 samples from multitransfused persons without hemato
logical diseases could be confirmed. Therefore, there was no indica
tion that the HTLV-l infection originated from the transfused
material.

All 10 HTLV-l-positive cases in this study for which cytogenetic
analysis was carried out showed distinct signs of genomic destabili

zation that resulted in deletions at 5(q) in six cases (Table 2).
From those 38 HTLV-l-negative cases for which cytogenetic anal

yses were available, 18 had a normal karyotype. The 20 cases with
aberrant karyotypes had a variety of numerical aberrations of struc
tural aberrations that included del(7)(q) in two cases, one del
(5)(q13q33), and one t(3;5)(q2l ;q3 1).

Discussion

This study comprises a large group of patients representing the
most common hematological diseases in Europe. As shown in Table

Totalno.
Diagnosis of cases Presence of HTLV Results/techniquesa

MDS 65 +I7%(ll/65) Ã³pos/l9negwithPCR+IFA
S pos/35 neg with EIA + WA

13 â€” 12 neg with PCR + IFA
I neg with EIA + WA

AML 46 - l6negwithPCR+WA
30 neg with EIA + WA

T-ALL 1 + lposwithPCR
T-cell/NHL 26 + (1/26) 20 neg with WA

S neg with PCR + WA
I pot with PCR + WA

B-cell NHLb 295 â€” 294 neg with EIA
1 neg with PCR

28 â€” 28 neg with EIA
30 â€” 30 neg with EIA

169 â€” 57 neg with PCR
112 neg with EIA

57 â€” 57 neg with EIA

Chronic myeloid leukemia

Myeloma
Cytopenia
Myeloproliferative disease

Anemia
Controls

Lymphadenitis 44 â€”
Multitransfused cases 10 â€”
Healthy persons 156 â€”

a p@ positive;neg,negative.
bB-cellNHL,B-cellnon-Hodgkin'slymphoma.

44 neg with EIA
10 neg with PCR + IFA
156 neg with EIA + WA

reaction of our HTLV-1-specific primers with sequence motifs from
other retroviruses.

For detecting HTLV-1-specific sequence motifs in the 11 MDS, a
two-step PCR including hybridization of the PCR products with
32P-labeled probes was necessary. Analysis ofHTLV-l-positive MDS
cases was repeated 3 times at time intervals of a minimum of 2 months
together with 10 HTLV-1-negative cases of the same disease group.
From each sampling date, PCR amplifications and serological analy
ses were performed from the same blood samples.

Correlation of results between PCR amplifications and serological
HTLV-1analyseswas tested in a total of 65 patients.Becauseanal
yses from those 11 samples with positive results were repeated at least
3 times at intervals of more than 2 months together with negative
controls, the results of a total of more than 100 samples were obtained.
The fact that there was not a single contradictory result confirmed the
100% concordance of these techniques. In a total of 226 samples, the
2 serological techniques EIA and WA were compared, also confirm
ing a 100% correlation. This large number of comparative analyses

a Eryconc,erythrocyteconcentrates.
b ND, not detected.

C Platconc, platelet concentrates. 4719

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/21/4718/2958992/cr0570214718.pdf by guest on 19 M

ay 2023



miv ANDMYELODYSPLASTICSYNDROME

1, the majority of hematological diseases analyzed in this study were
HTLV negative.

However, the presence of this virus in MDS (11 of 65) and in
T-lymphoid diseases (2 of 27) could be confirmed by repeated anal
yses of at least three samples from each patient at intervals of a
minimum of 2 months, using serological techniques as well as PCR.

This is in concordance with other reports indicating a more than 99%
correlation of detection of HTLV-1-specific sequence motifs by PCR
with HTLV cmss-reacting antibodies (16, 17). It has recently been
shown that DNA amplification from whole cell lysates from uncul
tured PBMCs as performed in this study provides the best output of
PCR-amplifiable HTLV provirus (18). Thus, we are confident that our
study represents the true incidence of HTLV in our cases.

We believe that this study is the first to provide evidence of the
presence of HTLV genes in MDS. The data of the HTLV-positive and
-negative cases that are depicted in Tables 1 and 2 indicate an
association of the virus with MDS in general. HTLV-positive cases
were only found within the subgroups RA, RAEB, RAEBt, and
CMML, but the association with a particular subgroup of MDS is not
significant in view of the small number of cases.

In this study, 4 of 11 HTLV-positive MDS patients had a history of
multiple transfusions (Table 2). However, a direct association with the
incidence of transfusions is improbable and cannot be statistically
evaluated in such a small number of patients. In addition, it has to be
mentioned that a control group of 10 multitransfused persons was
negative for HTLV-1.

Extensive in vitro studies showed that myeloid cells from leukemic
patients are more susceptible to HTLV-I infection than are PBMCs
from healthy donors (6). In recently described cell lines as well as in
a patient with concomitant T cell and acute monoblastic leukemia,
both the tax and the pol genes were found to be integrated in HTLV
1-transformed myeloid cells (8). Myeloid cells are also the neoplastic
cells in MDS, but none of the 46 AML cases from our study was
positive for HTLV-l, which is in opposition to a Chinese study (19)
indicating HTLV-1 positivity in more than 50% of AML cases, which
may be due to other epidemiological phenomena.

In view of the importance of the pol and tax genes for transforma
tion and maintenance of HTLV- 1 integration, we used sequence
motifs derived from both the HTLV-1 tax and pol genes (14) for
PCR-mediated confirmation of serologically determined HTLV-1
positivity. An elevated activity of reverse transcriptase that is encoded
by the pol gene has repeatedly been detected in human leukemias and
lymphomas (20). It has been interpreted as being an early predictor for
the genomic destabilization of the preleukemic cell and the evolution
of typical chromosomal aberrations such as the Philadelphia chromo
some.

All 10 HTLV-positive cases in this study for which cytogenetic
analysis was performed showed distinct signs of genomic destabili
zation, as evidenced by aberrant karyotypes. A considerable amount
of literature reporting on mouse retroviruses involving proviral inser
tions indicates that this may be a general biological phenomenon
insofar as some of these retroviruses are known for their potential to
disrupt developmentally regulated genes or to have common integra
tion sites with regulatory genes or cellular oncogenes (21, 22). Our
data may confirm a previous study (7) that showed that the frequency
of carcinogen-inducible chromosomal aberrations in transformed lym
phocytes was significantly higher in healthy HTLV-1 seropositives
and their family members than it was in seronegative donors. In 1 of
38 cytogenetically analyzed HTLV-1-negative MDS cases and 6
HTLV-positive cases, including 5 MDS and 1 T-ALL, deletions at the
long arm of chromosome 5 were observed. Deletions of (5)(q) are a
well-described feature of MDS and AML independent of association
with viruses (23). The region (5)(q13q34) harbors a series of growth

factor genes and receptors such as granulocyte macrophage colony
stimulating factor and colony stimulating factor 1 receptor and has
been considered to provide some pathogenic impact on the develop
ment of MDS (24).

These genes have been shown to be activated by the trans-activat
ing gene (tax) of HTLV-1 (3). Thus, the presence of tax may have
some impact on the disease course of MDS with del(5)(q). An allelic
loss of the IFN-responsive factor IRFJ, which is located at 5q22 and
plays a role in the antiviral response, may provide another explanation
for HTLV-I positivity in some cases with del(5)(q) (25). However, an
association with clinical data has not yet been proved. In view of this

putative role of HTLV in MDS, additional studies should concentrate
on clarifying the origin of this virus in MDS.

Acknowledgments

We thank Helga Gruner, Martin Radolf, and Jennifer Hirsch for expert
technical assistance. We also thank Prof. Thomas Lion for valuable comments
on this manuscript.

References

1. Poiesz, B. J., Ruscetti, F. W., Gazdar, A. F., Bunn, P. A., Minna, J. D., and Gallo,
R. C. Detection and isolation of type C retrovirus particles from fresh and cultured
lymphocytes of a patient with cutaneous T-cell lymphoma. Proc. Natl. Aced. Sci.
USA, 77: 7415â€”7419,1980.

2. Mueller, A. The epidemiology of HTLV-I infection. Cancer Causes Control, 2:
37â€”52,1991.

3. Franchini, G. Molecular mechanisms of human T-cell leukemia/lymphotrophic virus
type I infection. Blood, 86: 3619â€”3639, 1995.

4. Schreiber, G. B., Busch, M. P., Kleinman, S. H., and Korelitz, J. J. The risk of
transfusion-transmitted viral infections. N. Engi. J. Med., 334: 1685â€”1690,
1996.

S. Harrison, P., Ala, F. A., Milligan, D. W., and Skidmore, S. HTLV-I screening in
Britain: failure to screen may be a false economy. Br. Med. J., 312: 706â€”707,
1996.

6. Graziani, 0., Pasqualetti, D., Lopez, M., D'Onofrio, C., Testi, A. M., Mandelli,
F., Gallo, R. C., and Bonmassar, E. Increased susceptibility of peripheral mono
nuclear cells of leukemic patients to HTLV-I infection in vitro. Blood, 69:
1175â€”1181,1987.

7. Maruyama, K., Fukushima, T., MochizukL S., Kawamura, K., Koshikawa, N.,
Miyauchi, M., and Nakano, M. Genetic instability of human cells with DNA related
to human retrovirus. Leukemia (Baltimore), 8 (Suppl. I): S36â€”S40,1994.

8. Giuliani, A., Vemole, P., D'Atri, S., Del Poets, 0., D'Onofrio, C., Faraoni, I.,
Greiner, J. W., Bonmassar, E., and GIaZiani, G. In vitro infection of leukemic bone
marrow with HTLV-l generates immortalized cell lines expressing T or myeloid cell
phenotype. Leukemia (Baltimore), 9: 2071-2081, 1995.

9. MOstl, M., Mucke, H., Schinkinger, M., Haushofer, A., Krieger, 0., and Lutz, D.
Indications for presence of antibodies cross-reactive with HTLV4/ll, but not MW, in
patients with myelodysplastic syndrome. Clin. Immunol. Immunpathol., 65: 75â€”79,
1992.

10. Bennett, J. M., Catovsky, D., Daniel, M. T., Flandrin, G., Galton, D. A. G., Gralnick,
H. R., and Sultan, C. Proposals for the classification of acute leukemias. Br. J.
Haematol., 33: 415â€”458, 1976.

11. Bennett. J. M., Catovsky, D., Daniel, M. T., Flandrin, 0., Galton, D. A. G., Gralnick,
H. R., and Sultan, C. Proposals for the classification of myelodysplastic syndromes.
Br. J. Haematol., 51: 189â€”199,1982.

12. Third MIC Cooperative Study Group. Morphologic, immunologic and cytogenetic
(MIC) working classification ofthe primary myelodysplastic syndromes and therapy
relatedmyelodysplasticsyndromesand leukemias.CancerGenet.Cytogenet.,32:
1â€”10,1988.

13. Nowotny, H., Karlic, H., Gruner, H., Vesely, M., Nader, A., and Heinz, R. Cytoge
netic findings in 175 patients indicate that items of the Kid classification should not
be disregarded in the REAL classification of lymphoid neoplasms. Ann. Hematol.,
72:291â€”301,1996.

14. Kwok, S., Ehrlich, 0., Poiesz, B., Kalish, R., and Sninsky, J. J. Enzymatic amplifi
cation of HTLV-I viral sequences from peripheral blood mononuclear cells and
infected tissues. Blood, 72: 1117â€”1123,1988.

15. Seiki, M., Hattori, S., Hirayama, Y., and Yoshida, M. Human adult T-cell leukemia
virus: complete nucleotide sequence of the provirus genome integrated in leukemia
cell DNA. Proc. Natl. Acad. Sci. USA, 80: 3618â€”3622, 1983.

16. Defer, C., Costa, J., Descamps, F., Voisin, S., Lemaire, J. M., Maniez, M., and
Courouce, A. M. Contribution of polymerase chain reaction and radioimmunopre
cipitation assay in the confirmation of human T-lymphotrophic virus infection in
French blood donors. Transfusion (Paris), 35: 596â€”600,1995.

17. Fujiyama, C., Fujiyoshi, T., Matsumoto, D., Tamashiro, H., and Sonoda, S. Evalua
tion ofcommercial HTLV-l test kits by a standard HTLV-l serum panel. BulLWHO,
73: 515â€”521,1995.

18. Pancake, B. A., and Zucker-Franklin, D. The difficulty ofdetecting HTLV-l proviral

4720

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/21/4718/2958992/cr0570214718.pdf by guest on 19 M

ay 2023



mtv@ MYELODYSPLASTICSYNDROME

sequences in patients with mycosis fungoides. J. Acquired Immune Defic. Synch.
Hum. Retrovirol., 13: 314â€”319, 1996.

19. Xu, R., Gao, Q., Wang, S., Kan, H., Sheng, L, Li, C., and Zhang, K. Human acute
myeloid leukemias may be etiologically associated with new human retroviral infec
non.Leuk.Res.,20: 449â€”455,1996.

20. Moyret, C. F., Bernard, D. J., Maurizis, J. C., Chassagne, J., Plagne, R., and Chollet,
P. Presence ofreverse transcriptase in human leukemias and lymphomas. Clin. Chim.
Acts, 101: 61â€”66,1990.

21. Chen, J., Nachabath, A., Scherer, C., Ganju, P., Reith, A., Bronson, R., and Ruley,
H. E. Germ-line inactivation of the murine Eck receptor tyrosine kinase by gene trap
retroviral insertion. Oncogene, 12: 979â€”988,1996.

22. Sorensen, A. B., Duch, M., Amtoft, H. W., Jorgensen, P., and Pedersen, F. S.

Sequence tags of provirus integration sites in DNAs of tumors induced by the murine
retrovirus SL3-3. J. Virol., 70: 4063-4070, 1996.

23. van den Berghe, H., Vermaelen, K., Mecucci, C., Barbieri, D., and Tricot, G. The Sq
anomaly. Cancer Genet. Cytogenet., 17: 189â€”255,1985.

24. PfeilstOcker, M., Grill, R., Koller, E., Krieger. 0., Pittermann, E., and Karlic, H. FMS
hemizygosityin myeloiddysplasiaand acutemycloidleukemiawithchromosomal
aberration del(5Xq) demonstrated by polymerase reaction. J. Mol. Med., 73: 303â€”
407, 1995.

25. Boultwood, J., Fidler, C., Lewis, S., McCarthy, A., Sheridan, H., Kelly, S., Oscier, D.,
Buckle, V. J., and Wainscoat, J. S. Alleic loss of IR.Fl in myclodysplastic syndrome
and acute myeloid leukemia: retention of IRFI on the Sq chromosome in some
patients with the Sq syndrome. Blood, 82: 2611â€”2616,1993.

4721

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/21/4718/2958992/cr0570214718.pdf by guest on 19 M

ay 2023




