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Fig. 1 Amplification of 250
bp of MMTV-like ENV gene by
nested PCR. DNA was ex-
tracted from frozen tissues.
First-stage PCR was performed
using primers 1 and 4. For
nested PCR, Ll of each of the
first-stage products was trans-
ferred to a second PCR reaction
and further amplified. A,
ethidium bromide-stained 2%
agarose gel electrophoresiB;
Southern blot hybridization us-
ing 5’ *2P-end-labeled, 23-mer
probe. Lane 1, MCF7 human
breast tumor cell lineLane 2,
normal human breast tissue;
Lanes 3-9, human breast tu- -l
mors; Lane M, molecular
weight marker.Arrow, 250-bp
band.

M 1 2 3 45 67 8 9

Fig. 2  Amplification of 250
bp of MMTV-like ENV gene by
nested PCRLane 1, T47D hu-
man breast tumor cell ling;ane
2, ZR75 human breast tumor
cell line; Lane 3, normal human
breast tissud;anes 4—8, human
breast tumorst.ane M, molecu-
lar weight marker. Arrow,
250-bp band.

different human breast tumoftanes 4—8) and in the T47D population are shown in Table 2. The MCF7 and T47D human
human breast tumor cell linfLane 1), but not in the ZR75 breast tumor cell lines were positive for the MMTV-liEENV
human breast tumor cell ling.ane 2) or in the normal human gene sequences, whereas the ZR75 human breast tumor cells
breast tissuéLane 3). Fig. 3Areveals the presence of a non- were negative. The T-cell lymphoma of one 63-year-old His-
nested 250-bp DNA PCR product from the human T-cell lym- panic female breast cancer patient who had been simultaneously
phoma DNA. diagnosed with both diseases also contained a 250-bp PCR
Southern blot hybridization (Ref. 18; FigsB12B, and 3B)  product that hybridized under stringent hybridization conditions
was done under stringent hybridization conditions (21, 22) toto a probe specific for MMTVENV gene sequences.
avoid interference with any endogenous sequences that might Sequencing of the MMTV-like ENV Gene Sequences in
interact with the probe. FigsBl 2B, and 3B, in which Southern Human Breast Tumors. To determine the extent of homol-
blots of the gels in Figs. 1A,A and 3A respectively, were ogy to the MMTVENV gene throughout the 250-bp stretch, the
hybridized with the radiolabeled 23-mer oligonucleotide probenested PCR product of three different breast tumors was isolated
(Table 1) that contained MMTV ENV gene sequences fromfrom ethidium bromide-stained gels and purified using the Qia-
positions 1554-1577, indicate that this MMTV-specific se- gen QIAquick Gel Extraction kit, and the DNA was sequenced
guence was present in the amplified 250-bp fragment and thaby Bio 101, Inc. In Fig. 4, the sequences of each of the three
the bands in the gel were not artifactual. Our survey of humarbreast tumor DNA PCR products are showtB({I'1, HBT2, and
breast tumors and normal human breast tissue included 7BIBT3) and aligned with the sequences of BNV gene of
human breast tumors and 35 normal human breast tissueexogenous MMTV found in the GR, C3H, and BR6 strains of
Amplification of the 250-bp MMTV-likeENV gene sequence mice (19, 20). This domain of the MMT¥NV gene in the GR
was observed in 27 of 73 human breast tumors. We did notouse strain is 100% homologous to that found in the C3H
detect the presence of the 250-bp DNA fragment in any of themouse strain and 98% homologous to that found in the BR6
normal human breast tissue analyzed. The ages of normal comrouse strain (19, 20). The sequences of the three 250-bp DNA
trols, a description of the normal breast tissue derived from thes®CR products (HBT1-3) from three different human breast
controls, the ages of patients whose tumors were efdvY  tumors were identical. A comparison of the sequences of the
gene positive or negative, the histopathological diagnosis o250-bp PCR products of the three different breast tumors with
these breast tumors, and the ethnic background of the patiethat of MMTV sequences showed the human sequences to be
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reactions, we analyzed for the presence of this 250-bp DNA
fragment in nested reactions, in which we first amplified from
human breast tumor DNA a 660-bp sequence that-85%
homologous to MMTVENV gene sequences. Hybridization to a
probe containing sequences specific to the MMEWYV gene

and not to endogenous HERV-K sequences was done under
stringent conditions, allowing only exact matching between
bases. At no time during these experiments was there any
MMTV or MMTV DNA or RNA present in any part of the
laboratory.

Our data are thus in close agreement with recently pub-
lished data in which nonnested PCR detected 660-bp MMTV-
like ENV gene sequences in 38.5% of the breast tumors from
fresh tissue and detected 250-bp MMBNV DNA sequences
in 39.5% of the breast tumor DNA extracted from paraffin-

embedded sections that were 95-99% homologous to MMTV
—p ’ (14). Our results are also similar to those reported by Imai (24)
concerning an 82-year-old Japanese woman whose breast tumor
contained sequences that hybridized to a probe from the feral
M 1 1 mouse JYG-MMTV genome on a Southern blot. Cloning and
Fig. 3 Amplification of 250 bp of MMTV-like ENV gene. DNA was  sequence analysis were identical to the MMEXYV sequence
extracted from paraffin-embedded tissue sections. PCR was performegf MMTYV strain GR.

using primers 2 and 3A, ethidium bromide-stained 2% agarose gel hili ; ;

electrophoresis3, Southern blot hybridization using 8?P-end-labeled, . The possibility of an exogenous retrqw_rus_as_the potential
23-mer probeLane 1, T-cell lymphomalane M, molecular weight etiological agent of some breast cancers is intriguing. An exog-
marker.Arrow, 250-bp band. enous retrovirus, HTLV-1, has been described as the etiological

agent of adult T-cell leukemia (25). HTLV-1 has been repro-

ducibly isolated from adult T-cell leukemia patients, and the

leukemic cells invariably contain an HTLV-1 provirus, whereas
99% homologous to the MMT\ENV gene of the BR6 mouse  other cells from these patients do not. Little, if any, HTLV-1
strain and 100% homologous to the MMTENV gene of the  rgpjication or gene expression is detectdbleivo by analyzing
GR and C3H mouse strains. When the 250-bp DNA sequencgimary leukemic cells from humans. HTLV-1 keeps the virion
was compared against all known viral and human genes usingyrden low, but it promotes gradually accelerating amplification
the NIH National Center for Biotechnology Information Gen- o celis harboring transcriptionally quiescent proviral DNA over
Bank Blast Program (23), the highest homology recorded Wasne host organism’s lifetime. We did not detect MMTV-like
8%. Restriction enzyme digestion of the 250-bp PCR DNA ENy DNA sequences in 35 of 35 normal breast tissues or in 46
products from 13 breast tumors (3 of which had been seyf 73 human breast tumors analyzed, and these results strongly
quenced) with the enzymészelll and Sau3A showed that the g ggest an exogenous viral origin and a possible viral role in a
products had an identical digestion pattern to each other and tBercentage of human breast tumors. CleaB)V sequences
that generated from the homologous exogenous MMTV DNAg|one do not make up an entire virus; therefore, we and others

sequences. are currently examining breast tumors for the presence of addi-
tional exogenous MMTV-like sequences to the rest of the viral
DISCUSSION genome as well as for a viral entity. In the mouse system,

Our results indicate that a 250-bp DNA sequence that isexogenous MMTV is passed through the milk of the mother to
99% homologous to MMTVENYV gene sequences in the BR6 the offspring (1, 2). One means of HTLV-1 infection has been
mouse and 100% homologous to MMTBNV gene sequences found to be through nursing (25). However, available epidemi-
in the GR and C3H mouse strains is present in 37% of theological studies on human breast cancer have not revealed any
human breast tumors analyzed and is not present in normdink between breast feeding and breast cancer development (26).
human tissue. Both the ethnic background and age range of In addition to causing the development of mammary tu-
normal patients and breast tumor patients are quite similarmors in inbred strains of mice, MMTYV is also involved in the
However, the median age of patients with nhormal breast tissuaduction of T-cell ymphomas in these mice (27-29). Thus, our
and patients witlENV-positive and -negative tumors differs (15 finding that one of the breast cancer patients who had been
and 32 years, respectively), with over half of our normal con-diagnosed simultaneously with non-Hodgkin’s T-cell lym-
trols being under the age of 40 years. However, for five of ourphoma appears by PCR and stringent hybridization results to
breast tumor samples (fo&NV-positive samples and oBE& V- also have the 250-bp MMT¥NV DNA sequence in the cells of
negative sample), we also had matching normal breast tissuthe T-cell lymphoma is a very interesting result. Although
that wasENV negative, and these patients who contributedsynchronicity of malignancy is rare, studies from our depart-
normal control breast tissue in addition to tumor tissue had anent and other studies have reported the occurrence of breast
median age of 64 years. To increase sensitivity and specificitcancer and lymphoma in the same patient and have suggested
and thus reduce the possibility of false positives in our PCRthat non-Hodgkin’s lymphoma may occur more frequently than

Downloaded from clincancerres.aacrjournals.org on October 23, 2021. © 2000 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

Clinical Cancer Researd®77

Table 2 Presence of MMTV-likeENV gene sequences in normal and malignant breast tissue

Age range

Tissue n ENV (median) (yrs) Histopathological diagnosis

Normal breast 35
0 +
(100%) 35 20-84 (36) Histologically normal—either negative biopsy (25), reduction mammoplasty
(5), or from breast containing a breast tumor (5)

Breast tumdt 73
(37%) 27 + 28-87 (51) 82% infiltrating ductal, 14% lobular, and 4% other breast carcinomas
(63%) 46 48-88 (68) 81% infiltrating ductal, 13% lobular, and 6% other breast carcinomas

aBoth normal and tumor patient populations were approximately 70% white, 20% Hispanic, and 10% African-American. The number of
ENV-positive as well aENV-negative breast tumors followed very closely this same distribution.

50
GR/C3H- TACATCTGCC TGTGTTACTT ACCCTTATGC CATATTATTA GGATTACCTC

BR6- TACATCTGCC TGTGTTACTT ACCCTTATGC CATATTATTA GGATTACCTC
HBTI- TACATCTGCC TGTGTTACTT ACCCTTATGC CATATTATTA GGATTACCTC
HBT2- TACATCTGCC TGTGTTACTT ACCCTTATGC CATATTATTA GGATTACCTC
HBT3- TACATCTGCC TGTGTTACTT ACCCTTATGC CATATTATTA GGATTACCTC

d 100
GR/C3H- AGCTAATAGA TATAGAGAAA AGAGGATCTA CTTTTCATAT TTCCTGTTCT

BR6- AGTTAATAGA TATAGAGAAA AGAGGATCTA CTTTTCATAT TTCCTGTTCT
HBTI- AGCTAATAGA TATAGAGAAA AGAGGATCTA CTTTTCATAT TTCCTGTTCN
HBT2-  AGNTAATAGA TATAGAGAAA AGAGGATCTC CTTTTCATAT TTCCTGTTCT
HBT3- AGCTAATAGA TATAGAGAAA AGAGGATCTA CTTTTCATAT TTCCTGTTCT

Fig. 4 Sequence of the 250-bp DNA nested M 150

PCR product of three separate human breast tu- GR/C3H- TCTTGTAGAT TGACTAATTG TTTAGATTCT TCTGCCTACG ACTATGCAGC
mors (HBT1-3) as compared with the GR, C3H, BR6- TCTTGTAGAT TGACTAATTG TTTAGACTCT TCTGCCTACG ACTATGCAGC
and BR6 strains of MMTV. |, the nucleotide HBTI- TCTTGTAGAT TGACTAATTG TTTAGATTCN NCTGCCTNCG ACTATNCAGC
differences between the GR, C3H, and BR6 HBT2 TCTTGTAGAT TGACTAATTG TTTAGATTCT TCTGCCTACG ACTATNCAGC
strains of MMTV. HBT3 TCTTGTAGAT TGACTAATTG TTTAGATTCT TCTGCCTACG ACTATGCAGC

200
GR/C3H- GATCATAGTC AAGAGGCCGC CATACGTGCT GCTACCTGTA GATATTGGTG

BR6- GATCATAGTC AAGAGGCCGC CATATGTGCT GCTACCTGTA GATATTGGTG
HBTI- GATNATAGTC AAGAGGCCGC CATACGTGCT GCTACCTGTA GATATNGGTG
HBT2- GATCATAGTC AAGAGGCCGC CATACGTGCT GCTACCTGTA GATATTGGTG
HBT3- GATCATAGTC AAGAGGCCGC CATACGTGCT GCTACCTGTA GATATTGGTG

250
GR/C3H- ATGAACCATG GTTTGATGAT TCTGCCATTC AAACCTTTAG GTATGCCACA

BR6- ATGAACCATG GTTTGATGAT TCTGCCATTC AAACCTTTAG GTATGCCACA
HBTI- ATGNANNATG GTTTGANGAT TCTGCCATTC AAACCTTTAG GTATGCCACA
HBT2- ATGAACCATG GTTTGATGAT TCTGCCATTC AAACCTTTAG GTATGCCACA
HBT3- ATGAACCATG GTTTGATGAT TCTGCCATTC AAACCTTTAG GTATGCCACA

expected in women with breast cancer (30—35). Over 20 yearson-Hodgkin’s B-cell lymphoma of a 62-year-old white female who
ago, an increased incidence of lymphoma was seen in micwas simultaneously diagnosed with both diseases. In addition, we have
inoculated with human mammary cancer extracts (36). Morefound MMTV-like ENV gene sequences in the non-Hodgkin's lympho-
recently, the frequent development of murine T-cell lymphomas™as of 3 of 19 patients who were diagnosed with lymphoma alone.
after implantation of human inflammatory breast cancer cells in

nude mice was demonstrated (37). We are currently collectingpACKNOWLEDGMENTS
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