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Abstract TT viruses have recently been reported in se-
rum samples from varying percentages of human blood
donors and in patients with chronic liver disease. How-
ever, no association with human pathology has yet been
reported. In a pilot study we analysed 162 biopsy speci-
mens from various human cancers and from colon pol-
yps for the presence of TT virus related sequences by
polymerase chain reaction using three sets of nested
primers for TT virus detection. All gels were subjected
to Southern blot hybridisation, and DNA from hybridis-
ing bands was cloned and sequenced. A total of 54.3%
of tumour specimens contained identifiable TT virus re-
lated sequences. Specimens from hypopharynx, larynx,
endometrial, ovarian and bladder cancers were 14—35%
positive and gastrointestinal cancers (oesophagus, stom-
ach, colon, rectum) and colon polyps 57-100% positive.
Lung cancers (68.4%), mammary cancers (50%), multi-
ple myelomas (85.7%) and human leukaemias (53.3%)
also revealed a high prevalence of TT virus related se-
guences. Since normal control tissues were not available
for the tumour biopsy specimens tested, these data do
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not permit conclusions concerning a possible causal re-
lationship between the virus infections and carcinogene-
sis. Another aspect, however, deserves attention: the
heterogeneity of TT virus clones obtained from the
specimens tested here was striking: 66 novel sequences,
probably belonging to new types were identified. Only
16 clones corresponded by more than 97% of their se-
guences to established prototypes. Even individual tu-
mours commonly contained sequences substantially di-
verging in nucleic acid composition. Up to five different
types were identified within an individual tumour. The
high variability of these virus types suggests that addi-
tional primer combinations within the highly conserved
region of the genome would detect a still higher rate of
positive tumours.
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Introduction

It is presently estimated that 15% of the global cancer
burden is due to virus infections [1, 2]. Particularly pap-
illomavirus infections in anogenital cancers and hepatitis
B and C viruses in hepatocellular carcinomas contribute
to this figure. During the past 10 and increasingly during
the past 3 years a number of additional viruses have been
characterized that are linked to human cancers or stimu-
late host cell proliferation [2]. These are hepatitis C, hu-
man herpesvirus type 8, and novel types of “cutaneous’
papillomavirus types [3]. This leads to the speculation
that additional infectious agents with a possible relation-
ship to human cancers may exist.

We set up a screening program for the analysis and
characterisation of viruses in human tumour biopsy
specimens. In a previous publication we reported nega-
tive findings by screening various cancer specimens for
members of the polyoma virus family by using consen-



sus primers and PCR technology [4]. These studies were
now extended to the recently discovered TT virus
(TTV) family. This family was initialy discovered by
Nishizawa and colleagues [5] by analysing sera from
post-transfusion non-B, non-C hepatitis patients by rep-
resentational difference analysis. Based on the sedimen-
tation properties of the first isolate in sucrose gradient
centrifugation and on DNase | sensitivity of the nucleic
acid, Nishizawa et a. concluded that the cloned nucleic
acid originated from a DNA virus containing single
stranded DNA. The designation TTV originated from
the initials of the patient from whom the DNA had been
isolated.

During the past 3 years a number of studies have con-
firmed the original observation by Nishizawa and col-
leagues. TTV-related virus isolates obtained from vari-
ous parts of the world revealed a remarkable type and
subtype heterogeneity. At present a large number of
types and subtypes have been described, some of them
varying substantially in their nucleic acid composition
[6, 7, 8, 9, 10, 11]. Their viral genomes contain three to
five open reading frames and a long noncoding region
[12]. Various isolates ranging between 2300 and 3800
nucleotides in genome length have been reported.

The reports published thus far failed to show any
pathogenicity of members of this virus group [13], now
tentatively designated as the family Circinoviridae [14].
Many attempts to link this infection to pathological liv-
er conditions have been unsuccessful. The studies con-
ducted so far suggest a long-term persistence of these
viruses in the peripheral blood and major geographic
variations in TTV prevalence. One surprising aspect of
TTV infection is the high prevalence of up to 95% in
normal blood donors [15] and the variation in geo-
graphic distribution of types [16]. Some evidence exists
for increasing TTV infections with age, blood transfu-
sions, immunosuppression and chronic liver disease
[17, 18, 19, 20]. To our knowledge, with the exception
of hepatocellular carcinomas [21, 22, 23] and haemato-
poietic disorders [24], this virus family has not been
systematically investigated for a possible involvement
in human tumours.

In this report we describe a relatively high preva-
lence of TTV-related DNA sequences in specific human
cancers, most notably in cancers of the gastrointestinal
tract, lung and breast but also in a number of multiple
myelomas. In addition, a surprising degree of heteroge-
neity is reported for individual isolates from specific tu-
mours.

Materials and methods

Samples and DNA extraction

Tumour samples were collected over a period of 25 years from
various hospitals and geographical areas. The samples analysed in
this study included carcinomas of the larynx (n=20), hypopharynx
(n=13), lung (n=19), breast (n=10), oesophagus (n=14), stomach
(n=9), colon (n=13), rectum (n=7), bladder (n=12), ovaries (n=9)
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and endometrium n= (7) as well as multiple myelomas (n=7),
leukaemias (n=15) and colon polyps (n=7). All biopsy specimens
were frozen and stored at —70°C until use. DNA extraction was
performed as described previously [25].

PCR analysis and cloning

Total cellular DNA (100 ng/sample) was amplified by PCR. Prim-
ers (sets A, B and C) used for the initial amplification and subse-
quent nested amplification and the amplification conditions are
described by Leary et al. [26]. The primer set A amplified the re-
gion between nucleotides 94-606 of the TTV TA278 (GenBank
accession no. AB008394), primer set B between nucleotides 3087
and 3392, and primer set C between nucleotides 3293 and 3641.
Aliquots of the nested products were separated by electrophoresis
(2% agarose gels) and blotted onto nylon membranes. Hybridisa-
tion was performed in 50% formamide, 5x SCC, 1% SDS and
Denhardt's solution at 42°C, using the P/1C1 complete genome
(accession no. AF298585, kindly provided by Dr. Schreier) as ra-
diolabelled probe. Washing was performed at 68°C in the presence
of 2x SCC and 0.1% SDS. PCR products corresponding to the hy-
bridisation signals were eluted and cloned into the pMOSBIlue
vector (Invitrogen). Up to six inserts of each PCR product were
sequenced using the Sequenase 2.0 DNA Sequencing Kit (USB,
Cleveland). The final sequences were determined on both strands
on an ABI Model Sequencer using the Big Dye Terminator chem-
istry (Perkin EImer Applied Biosystems Division).

Sequence analysis

Sequences were compared to the available TTV sequences in the
EMBL and GenBank databanks using the Husar software package
(Deutsches Krebsforschungszentrum). Sequences of putative new
TTV types have been deposited in the EMBL Nucleotide Se-
quence Database and the accession numbers are AJ315402 to
AJ315450.

Results

A total of 162 tumour biopsy specimens, including DNA
from 22 haematopoietic malignancies, was tested for the
presence of TTV-related sequences by using the three
different primer sets outlined before. A specimen was re-
garded as positive if a hybridisation signal was observed
with the amplicon resulting from one of the primer sets.
Nonspecific amplification products were observed for all
three primer sets after gel electrophoresis and the ampli-
fication products of only eight specimens showed a posi-
tive hybridisation signal with two primer sets and two
specimens with al three primer sets. Primer set C result-
ed in a positive result in 86 specimens, primer set B in
9 positive samples and primer set A in 6 positive speci-
mens. In preparations with prominent bands or those
identified within a complex banding pattern after South-
ern blot hybridisation (Fig. 1), the respective regions
were excised after gel electrophoresis of the PCR prod-
ucts, the DNA was cloned and at least six clones subse-
guently sequenced. Table 1 provides the data obtained
after Southern blot hybridisation of the gels. A total of
54.3% of tumours revealed positive hybridisation sig-
nals.

Inspection of individual tumour groups reveaed re-
markable differences in the number of positive signals.
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Fig. 1 Southern blot hybridisation of DNA from oesophageal
(top) and breast cancer (bottom) biopsy specimens amplified with
TT virus consensus primers and hybridised with a radiolabelled
probe of the complete genome P/1C1

Hypopharynx, larynx, endometrial, ovarian and bladder
cancers ranged between 14% and 35% of positive signals
while tumours of the oesophagus and the gastrointestinal
tract revealed between 57% and 100% of positive data.
In addition, lung, breast and haematopoietic malignan-
cies were 50-86% positive. Comparing of different tu-
mour groups showed that the hybridisation signals dif-
fered substantially among the tumour types. For exam-
ple, breast, larynx and colon cancer PCR products re-

Table 1 TTV-related sequencesin human tumours

vedled comparatively sharp bands, while particularly
those from oesophageal cancers exhibited a remarkably
heterogeneous pattern. Hybridisation signals of PCR
products from other tumour types showed a mixed pat-
tern, some with sharp bands others with signals varying
considerably in size. At present we cannot exclude that
this pattern resulted from a PCR artefact (e.g., recombi-
nation of one or more of the amplified fragments), and
further studies are required for clarification.

Hybridising DNA was cloned and sequenced only
from a number of positive tumours. Of 123 clones con-
taining TTV-related sequences 49 clones obtained from
solid tumours contained novel sequences differing from
established prototype sequences available in the data
bank by more than 3% (Table 2). The isolates listed were
obtained after amplification with primer set C, except for
isolates 197a-33, 202-24, and 135-1, which were ob-
tained by amplification with primer set A (Fig. 2a). All
positive amplicons resulting from primer set B har-
boured the same TTV-related sequences as the parallel
amplicons (from the same tumours) resulting from the
primer set C (Fig. 2b). The closest homologies of the
new isolates ranged through all the genotypic groups of
TTV-related viruses: groups 1, 2 and 3 of TTVs, SAN-
BAN, PMV, SENV and TLMV groups.

From individual tumour biopsy specimens up to five
different TTV-related sequences were obtained, underlin-
ing the heterogeneity of these agents within the same
type of lesion. Table 2 lists the TTV-related novel indi-
vidual sequences and their degree of relatedness to es-
tablished TTV and SEN virus sequences available in the
data bases. Figure 2 presents neighbour-joining phyloge-
netic trees constructed on the sequences overlapping the
same region of the TTV genome. Figure 2a presents the
isolates obtained with the primer set A and Fig. 2b those
obtained with primer set C.

Tumour type Positive specimens Negative specimens Percentage positive
Oesophagus carcinoma 14 0 100.0
Stomach carcinoma 7 2 77.8
Colon polyp 4 3 57.1
Colon carcinoma 9 4 69.2
Rectum carcinoma 4 3 57.1

Gastrointestinal tumours, total 38 12 76.0
Hypopharynx carcinoma 4 9 30.8

Larynx carcinoma 7 13 35.0

Lung carcinoma 13 6 68.4

Mammary carcinoma 5 5 60.0

Endometrial carcinoma 1 6 14.3

Ovaria carcinoma 3 6 333

Bladder carcinoma 3 9 25.0

Acute and myeloid leukaemia 8 7 53.3

Multiple myeloma 6 1 85.7

Total number of tumours tested 88 74 54.3




Table 2 Heterogeneity of TTV-related sequences in human tumours

Tumour type Total number of TTV-related Novel Percentage homol ogy
clones sequenced genotypes to closest prototype in data base
as of 1 October 2000
Oesophagus carcinoma 29 (from 5 tumours) 192a-22 a 95% ab028308
b: 95% ab028308
192a-4 91% ab028308
192a-62 a 92% ab028308
b: 91% ab028308
194a5 93% ab028303
194a-62 a 95% ab028306
b: 91% ab028308
194b-5 90% ab028306
194b-6 91% af247138
197a-33 96% ab024360
20224 97% ab024360
Colon polyps 12 (from 3 tumours) 206-17 81% af122919
2089 91% ab028301
208-18a a 91% ab028301
b: 79% af122914
Colon carcinoma 12 (from 4 tumours) 120a-1 93% ah028303
120a-54 96% ab028303
125b-3d 95% ab028303
125b-4 92% af247138
125b-5 96% ab028303
127-3 82% ab028299
129-1b a 94% ab028307
Rectum carcinoma 11 (from 3 tumours) 147a-1d 96% ab028303
147b-2 85% af247138
147b-3 95% apb028303
150b-5 91% &f 122917
Breast carcinoma 14 (from 4 tumours) 81-7bd a 94% ab028303
87-7 83% af 122913
88-10 93% ab028303
102c-2 96% ab028303
Endometrial carcinoma 1 210a-1 86% af261761
Ovarian carcinoma 14 (from 2 tumours) 152a-2 95% ax025677
1542 94% ab028303
154-6 97% ab028303
Bladder carcinoma 9 (from 2 tumours) 135-1 95% af 122920
141a-4bd a 94% ab028303
141b-3 79% af 122919
141c-5d 93% ab028303
Laryngeal carcinoma 9 (from 3 tumours) 7-1 85% af247138
7-2 94% ax025677
15a-2 91% ab028303
16-12 89% af 122914
Lung carcinoma 12 (from 4 tumours) 32-1 84% af 122914
324 84% ab028669
32-6 95% ab028304
39-2 94% ab028304
40-32 a 94% af 122914
b: 95% af122919
458-6 94% ab028303
45b-1 96% ab029307
45b-4¢ 88% af 122914
45b-5 86% af 122917
45b-6 94% ab028303

aClone consists of two fragments, each a TTV-related sequence

b Clone consists of two fragments, one a TTV-related sequence and the other with homology to cellular sequences
¢Harbours a deletion within the TTV-related sequence

d Clones with sequence homology (>97%) to one or more clones isolated from other tumours
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Fig. 2a, b Phylogenetic tree constructed by the neighbour-joining
method. TTV-related isolates obtained by amplification with primer
set A (a) and isolates obtained by amplification with primer set C
(b). These isolates were compared to 17 TTV genomes (TUPB, ac-
cesson number AF247137; JA9, AF122915; T3PB, AF247138;
JA10, AF122919; JA20, AF122914; JA4, AF122917; GH1,
AF122913; US35, AF122920;, PMV, AF261761; SEN, AX025677;
SANBAN, AB025946; TUSD1, AB017613; TJNO1, AB028668;
TINO2, ab028669; TTV-CH65-1, AB037926; TTVyon-LCO11,
ABO038622; HEL32/6a, AY034068) and three TLMV isolates
(TLMV-CBD231, AB026930; TLMV-CBD279, AB026931; TLMV-
CBD203, AB026929)

Discussion

Within the 3 years since their initial discovery a large
number of TTV genotypes have been recorded, revealing
a puzzling heterogeneity of this virus family. The biolog-
ical reasons for this phenomenon remain obscure, al-
though obviously a high rate of recombinatory events oc-

mmg;ﬁlml

45a-6

curs in the course of TTV infections [27]. The long-term
persistence of TTV genotypes in the peripheral blood of
apparently healthy individuals [15] suggests that these
viruses somehow escape immunological surveillance, al-
though detailed studies on immunologica responses are
still not available.

The present study underlines the heterogeneity of the
TTV group and the frequent occurrence of mixed infec-
tions[7, 14]. The isolates of TTV-related sequences from
human cancer biopsy specimens vary remarkably in se-
guence variation and heterogeneity. Only 16 of more
than 100 sequenced clones with a TTV-characteristic
structure corresponded to established prototypes, and the
closest homologies to known isolates cover the whole
spectrum of TT-related viruses. It is tempting to specu-
late that the respective total genome would reveal even a
higher degree of sequence variation.

It remains an open question whether the cloned DNA
of TTV-related sequences originated from the cancer



cells of the respective biopsy specimens or from contam-
inating blood cells or plasma constituents. TTV persists
for prolonged periods of time within the peripheral blood
and may thus be transported to tumour sites without in-
fecting the cancer cells [15, 18]. Some findings, howev-
er, do suggest that specific cancer types should harbour
the viral DNA at least temporarily within the tumour tis-
sue: the high degree of genetic diversity observed be-
tween and within individual tumour types seems to ex-
ceed the reported diversity of TT viral sequences detect-
ed in peripheral blood samples. This is particularly pro-
nounced by the high rate of diverging clones from
oesophageal, lung and rectum cancers. In addition, the
observed differences in the percentage of various tumour
groups positive for TTV-related sequences suggest that
the tumour type influences the rate of positivity. A more
direct proof should result from in situ hybridisation data
which at least for liver cells demonstrate viral DNA per-
sistence within the parenchymal tissue [28]. Since nor-
mal control tissues were not available for the tumour bi-
opsy specimens tested, these data do not permit conclu-
sions concerning a possible causal relationship between
the virus infections and carcinogenesis.

The remarkable differences noted in this study in the
prevalence of TTV-related sequences between various
tumour groups deserve some discussion. Although the
numbers tested are still too small to permit firm conclu-
sions, a trend towards higher positive rates is observed
for tumours of the oesophagus and the gastrointestinal
tract. Excretion of TTV via saliva, bile and faeces has
been reported [16, 29, 30]; thus sites of the gastrointesti-
nal tract may be preferentially infected, or alternatively
tumours may be contaminated with virus produced at
other locations within the digestive tract. On the other
hand, hybridisation signals obtained from cancers of the
oesophagus (Fig. 1) were particularly heterogeneous in
size, suggesting to remarkable size heterogeneity of the
respective sequences which corresponds also to substan-
tial differences in individual clones isolated from these
tumours. Other tumour types (e.g., breast, larynx and co-
lon cancers) revealed more homogeneous hybridisation
patterns. The elevated rate of TTV-related DNA se-
guences in lung tumours deserves further studies.

The primer sets used in this study differed substantial-
ly in detecting TTV-related sequences in the various bi-
opsy specimens and frequently failed to result in concor-
dant data. Thisis obviously caused by the substantial se-
guence variations observed within the individual clones.
It is therefore likely that the use of additiona primer
combinations will result in an even higher rate of TTV
detection within malignant but possibly also within non-
malignant tissues [31].

The high degree of sequence variation and the ab-
sence of a specific pattern of TTV-related sequences
within individual tumour groups argue against a possible
involvement of these viruses in the development of the
TTV sequence-positive tumour types. The existence of
viral quasispecies of TTVes has been reported [32]. In
our series (Fig. 2) such quasispecies may be present in
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some of the tumour samples (e.g., oesophageal carcino-
ma samples 192 and 194), although the sequence varia-
tion between TTV-related isolates in other tumours (e.g.,
lung tumour sample 45) is more diverse. On the other
hand, however, the high degree of variability may occa-
sionally result in accidental recombination of types [27]
which eventually become oncogenic and therefore differ
among individual tumours. Further studies on growth-
promoting potential of TTV genomes persisting in ma-
lignant tissue should clarify this question.
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