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ORIGINAL ARTICLE

Presence of mouse mammary tumour-like virus gene
sequences may be associated with morphology of
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Background: Mouse mammary tumour virus (MMTV) has a proven role in breast carcinogenesis in wild
mice and genetically susceptible in-bred mice. MMTV-like env gene sequences, which indicate the
presence of a replication-competent MMTV-like virus, have been identified in some human breast cancers,
but rarely in normal breast tissues. However, no evidence for a causal role of an MMTV-like virus in human
breast cancer has emerged, although there are precedents for associations between specific histological
characteristics of human cancers and the presence of oncogenic viruses.

Aim: To investigate the possibility of an association between breast cancer and MMTV-like viruses.
Methods: Histological characteristics of invasive ductal human breast cancer specimens were compared
with archival MMTV-associated mammary tumours from C3H experimental mice. The presence of MMTV-
like env DNA sequences in the human breast cancer specimens was determined by polymerase chain
reaction and confirmed by Southern hybridisation.

Results: MMTV-like env gene sequences were identified in 22 of 59 (37.3%) human breast cancer
specimens. Seventeen of 43 (39.5%) invasive ductal carcinoma breast cancer specimens and 4 of 16
(25%) ductal carcinoma in situ specimens had some histological characteristics, which were similar to
MMTV-associated mouse mammary tumours. However, these similarities were not associated with the
presence or absence of MMTV-like gene sequences in the human breast tumour specimens. A significant
(p=0.05) correlation was found between the grade of the human breast cancer and similarity to the
mouse mammary tumours. The lower the grade, the greater the similarity.

Conclusion: Some human breast cancer specimens, in which MMTV-like env DNA sequences have been
identified, were shown to have histological characteristics (morphology) similar to MMTV-associated
mouse mammary tumours. These observations are compatible with, but not conclusive of, an association

postulated. This postulation is based on the proven role

of mouse mammary tumour virus (MMTV) as the
causal agent of mammary tumours in field and experimental
mice. A virus with 95% sequence homology to MMTV, but
only 57% to human endogenous retrovirus, has been
identified in human breast tumours."” This virus has been
commonly referred to as an MMTV-like virus.*

Substantial, but not conclusive, evidence suggests that this
MMTV-like virus may be associated with the aetiology of
human breast cancer. This evidence has been reviewed by
Holland and Pogo.* The key evidence for a possible role of
MMTV-like viruses in breast cancer is the identification of a
unique 660-base pair segment of the MMTV envelope gene in
more than one third of breast tumours in Western women,
but rarely in normal breast tissues from normal women.' > ©
There is evidence to suggest that this virus is exogenous and
possibly transmitted through mother’s milk or other envir-
onmental sources.” However, recently developed evidence is
suggestive of both an exogenous and an endogenous MMTV-
like virus having a role in human breast cancer aetiology as
has been proved in rodents.?

Additional supportive evidence for a role of MMTV-like
virus in breast cancer aetiology has recently been published.
This evidence includes the identification of MMTV-like
sequences in circulating lymphocytes and in intestinal
lymphoid tissues (Peyer’s patches) in patients with breast

! viral actiology for human breast cancer has long been

between the presence of MMTV-like env DNA sequences and some human breast cancers.

cancer, the location of MMTV-like sequences in breast acini
of breast cancers but not in adjacent non-malignant
epithelial cells and the identification of an MMTV-like
superantigen in human breast cancer, which is required in
the mouse for transmission of MMTVs to lymphocytes.*"°
There is evidence that normal human cells can be infected by
MMTV." Malignant transformation of normal human breast
epithelial cells by exposure to MMTV has been shown.'” This
transformation may be induced by signalling proteins
encoded by the env gene of MMTV."” A possible additional
mechanism for transformation by infection of human breast
cells with MMTV has been recently identified by Theodorou et
al” who identified an oncogene (Fgf10), which is activated by
MMTV insertional mutagenesis in mouse mammary tumours
and overexpressed in a subset of human breast carcinomas.

It is extremely difficult to establish conclusive evidence
that a specific virus has a causal role for a specific cancer. The
main reason for this difficulty is that infections with viruses
may be common, but cancer associated with the same virus
may be rare and in addition such viruses may only be
oncogenic in combination with one or more cofactors,
including the presence of other viruses. For example,
Epstein—Barr virus may be the causal factor for Burkitt’s

Abbreviations: DCIS, ductal carcinoma in situ; HPV, human papilloma
virus; IDC, invasive ductal carcinoma; MMTV, mouse mammary tumour
virus
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lymphoma in the presence of malaria and for nasopharyngeal
cancer in the presence of salted fish consumed by genetically
susceptible populations. A further example is the develop-
ment of Kaposi’s sarcoma, which may require the presence of
both HIV and (Kaposi’s) herpes virus-8. For these reasons, a
series of evidentiary criteria for proof of viral oncogenesis
have been developed." These evidentiary criteria include
epidemiological and biological plausibility and the identifica-
tion of specific viral genetic material in association with
specific cancers, evidence of experimental malignant trans-
formation of normal cells after exposure to the virus and
associations between the presence of a specific virus and
specific histology (morphology). With respect to MMTV-like
virus and human breast cancer, these and other evidentiary
criteria have been met, with two important exceptions. These
exceptions are (1) evidence of prior infection with the virus
before the development of cancer and (2) associations
between the presence of the virus in cancer cells and typical
histological (morphological) characteristics. This study deals
with the latter.

In this study, we hypothesised that the presence of MMTV-
like viral envelope gene sequences in human breast cancer
specimens may be associated with histological characteristics
typical of MMTV-associated mouse mammary tumours. We
have partly confirmed this hypothesis. However, this is not
evidence of causation. This is because many different factors,
including different viruses, may result in the same or similar
histology. However, the reverse does not apply. If a virus is
carcinogenic, the resulting cancer should be associated with a
typical or specific histology. If this is not so, the virus is
unlikely to be carcinogenic for a specific organ, cell or tissue.
In addition, we have not shown a specific association
between the presence of MMTV sequences and specific
histological characteristics in breast cancer specimens.

METHODS

Human specimens

Fifty nine unselected, formalin-fixed, paraffin-wax-mounted
invasive ductal carcinoma (IDC) and ductal carcinoma in situ
(DCIS) breast cancer specimens were obtained from pathol-
ogy service archives in Sydney, Australia. These specimens
were used for the “blinded” study outlined later, which
aimed to determine if MMTV-like positive human breast
tumour specimens had histological characteristics similar to
MMTV-associated mouse mammary tumours.

Mouse specimens

Forty four formalin-fixed, paraffin-wax-mounted archival
specimens of MMTV-associated mammary tumours from
C3H experimental mice were obtained from the Jackson
Laboratory, Maine, USA.

Polymerase chain reaction

The PCR analyses were conducted at the Pogo Laboratories,
Mount Sinai Hospital, New York, USA. Results from PCR
analyses (using the same procedures) on 14 of these
specimens were available from previous Sydney-based
studies. These two sets of data were compared to determine
the reliability of the analyses.

Details of the PCR procedures are as follows. Genomic DNA
from paraffin-wax-embedded cancer tissue was isolated
according to the Qiagen DNeasy protocol. Tissues were
treated with 1200 pl xylene and centrifuged for 6 min at full
speed three times consecutively. The tissues were then
treated with 1200 pl absolute ethanol and centrifuged for
5 min at full speed three times consecutively. The tissues
were lysed overnight at 55°C in a shaking water bath and
then treated with 4 ul RNase A (100 mg/ml). The tissues
were eluted with 100 ul acetate buffer. The quality and
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concentration of genomic DNA was determined by spectro-
photometry and amplification of the B-globin gene (primers
PC-04, and GH-20, Invitrogen Co, Grand Island, New York,
USA). Samples that elicited poor results after initial B-globin
amplification were subjected to sodium acetate:ethanol
precipitation and tested for the B-globin gene a second time.

PCR was conducted on at least two separate occasions with
primers designated 2N and 3N, as published by Wang ef al.!
The sequences (5'-3") of primers and probes are 2N—
CCTACATCTGCCTGTGTTAC; 3N—ATCTGTGGCATACCTAAA
GG; and 3L—TACAGGTAGCAGCACGTATG.

Southern hybridisation

Southern hybridisation was carried out according to the
previously published protocol, using 3L as the probe.' This
single 250-base pair sequence was used for amplification
because the samples used in this study were fixed in formalin
and embedded in paraffin wax. Larger sequences are difficult
to amplify from DNA extracted from fixed specimens. The use
of a single primer can be justified because of the many
previous publications based on this primer and the consistent
presence of this primer in breast cancer specimens in which a
wide series of large env sequences have been identified and
confirmed by full sequencing.” *

To further overcome doubts about the reliability of data
based on PCR for MMTV-like sequences, we reviewed the
data and 10 specimens from a previous study in which in situ
PCR analyses were used to identify MMTV-like sequences in
additional breast cancer specimens.’

Histology

The term “histological characteristics’”” has been used in this
article to describe “tissue morphology” because use of the
latter term varies between scientific disciplines.

The histological appearance of human breast cancers is
well known. By contrast, the histological appearance of
MMTV-associated mammary tumours in mice is not well
known. Historically, MMTV-associated mammary tumours in
mice have been classified as Dunn types A, B and C.
Approximately 90% of all such tumours in mice are of types
A or B.” Type A tumours consist of small round cells of
regular size and shape with loose connective tissue,
surrounding a small lumen. Type B tumours are of more
solid appearance with occasional glands and cysts. All breast
tumours from the C3H mice showed the typical morphology
of Dunn type A or B. MMTV is integrated into the genome of
mammary tumours in all such mice.'

Both the human and mouse specimens were stained with
haematoxylin and eosin in the same laboratory (Saint
Vincent’s Hospital, Sydney) by standard methods.

Statistical considerations

Cohen’s k¥ measurement was used for the assessment of the
consistency of the results of PCR analyses from the two
separate laboratories.

The relationship between the identification of MMTV-like
env gene sequences in human breast cancer specimens and
histological characteristics similar to MMTV-associated
mouse mammary tumours was investigated using the
Pearson x> test for independence to determine if two
categorical variables (presence of MMTV-like sequences and
similarity to mouse tumour histological characteristics) are
related. The same method was used to investigate the
relationship between the grade of human breast cancer
specimens and histological characteristics similar to MMTV-
associated mouse mammary tumours.

To simplify the statistical analyses, where both IDC and
DCIS were present in the same specimen, the specimen was
classified according to the dominant type.
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The SPSS statistical package was used for all analyses.

RESULTS

Histology and PCR analysis

The histological characteristics of the human breast cancers
and the MMTV-associated mouse mammary tumours were
compared by WD, an experienced histopathologist. Human
breast cancers are heterogeneous, with the histological
characteristics often varying in different parts of the tumour.
This is in contrast with MMTV-associated mouse mammary
tumours, which are homogeneous, and the histological
patterns are usually similar throughout the tumour. In the
Discussion, we suggest that this difference may be because of
the involvement of multiple viruses in human breast cancer
as compared with only MMTV in mouse mammary cancer.

These histological assessments were conducted with the
identity of the specimens and the PCR assessments blinded.
The histological assessments and PCR analyses were con-
ducted in separate laboratories. Neither the histopathologist
nor the laboratory scientists working in the separate
laboratories were aware of the other’s outcomes. The
correlations of the two sets of data were conducted
independently by JSL. The human specimens were classified
for tumour type and grade according to standard criteria
(modified Bloom and Richardson Criteria). The MMTV-
associated mouse tumours were assessed as types A and B.
The human breast cancers were classified as ““similar”” or “not
similar” to the mouse type A and B tumours if there was any
area of the tumour which showed similarity.

The results of the PCR analyses conducted on the same 14
specimens to identify MMTV-like env sequences in the two
separate laboratories were the same for 12 of the specimens
(k 0.7, p=0.005). Accordingly, the results of the PCR
analyses can be considered to be significantly but not
perfectly reliable. An image of a PCR gel positive for
MMTV-like sequences extracted from one of these 14
specimens has previously been published.®

Of the 59 unselected breast cancer specimens, 43 were
classified as IDC and 16 were classified as DCIS.

MMTV-like env gene sequences were identified in 22 of 59
(37.3%) human breast cancer specimens (table 1).

In all, 17 of 43 (39.5%) IDC breast cancer specimens had
some histological characteristics which were similar to
MMTV-associated mouse mammary tumours. However,
these similarities were not significantly correlated
(x¥*=1.56; p=0.21) with the presence or absence of

1289

MMTV-like gene sequences in specific human breast tumour
specimens. Some of the human breast cancer specimens had
histological characteristics similar to Dunn type A mouse
mammary tumours (collections of round cells with little
cytoplasm and a central alveoli or acini), others were similar
to Dunn type B (collections of round cells with little
cytoplasm without a central alveoli or acini), others were
similar to mixed Dunn types A and B.

Four of 16 (25.0%) DCIS specimens had some histological
characteristics, which were similar to MMTV-associated
mouse mammary tumours. The number of DCIS specimens
is too small to justify a formal statistical analysis. However,
the trends are the same for DCIS and IDC—namely, no
obvious correlation between the presence of MMTV-like
sequences and similarity to MMTV associated mouse
mammary tumours.

The similarity of human IDC breast tumour specimens
(including both MMTV-like sequence positive and negative
breast tumours) with MMTV-associated mouse mammary
tumours is significantly (%* = 5.85; p = 0.05) associated with
the grade of the human cancer (table 1). The lower the grade
of the human tumour, the greater the similarity to mouse
mammary tumours. There was no difference with respect to
similarity of Dunn type A or type B mouse mammary
tumours and human breast tumours.

To reduce the possibility of contamination, which can lead
to false PCR results when standard methods are used,
previously published data based on in situ PCR and
reassessment of the histological characteristics of 10 breast
cancer tumours were included in this study.” In all, 4 of 10
human specimens with both IDC and DCIS elements from
the previous investigation in which MMTV-like gene
sequences had been identified by both standard and in situ
PCR had histological characteristics similar to MMTV-
associated mouse mammary tumours. These images have
previously been published.”

Histological characteristics

Figure 1 shows the histological characteristics of two selected
mouse mammary tumours and human breast cancers. The
selection of these images is to show the similarities between
the mouse and human cancer specimens. As seen in fig 1, the
histological characteristics of some mouse mammary tumour
and human breast cancer specimens are virtually identical.
There are masses of densely packed round cells with little
cytoplasm and little intercellular connective tissue in both the

Table 1 Histological similarity of MMTV-like positive human breast cancer specimens to
MMTV-associated mouse mammary tumours
Histology similar to  Histology not similar to
Grade mouse mouse
Human IDC breast cancer specimens
Positive MMTV sequences, n=19 1 3 2
2 5 4
3 2 3
Negative MMTV sequences, n=24 1 3 1
2 3 6
3 1 10
Human DCIS breast cancer specimens
Positive MMTV sequences, n=3 1
2 2
3 1
Negative MMTV sequences, n=13 1 2
2 1 <
3 2 5
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specimens. The human breast cancer cells have approxi-
mately 10-15% greater diameter than the mouse mammary
tumour cells. However, it must be emphasised that few (3/59
specimens) of the whole human breast cancer specimens are
identical to the mouse mammary tumours. Other specimens
that were classified as similar to mouse specimens had
patches of malignant tissue which were similar to mouse
mammary tumours.

These observations reflect the heterogeneous pattern of
human breast cancer specimens, which is in contrast with the
homogeneous pattern of most MMTV-associated mouse
mammary tumours.

DISCUSSION

We have shown that 35.6% of an unselected series of human
breast cancer specimens have some histological character-
istics similar to Dunn type A or type B MMTV-associated
mouse mammary tumour specimens. However, such similar-
ity for the whole human breast cancer specimen is unusual.
Most human specimens, which we classified as being similar
to mouse specimens, had regions of similarity, but were not
similar throughout the whole specimen. The similarity of the
human breast cancer specimens was shown to be largely
dependent on the grade of the cancer; the lower the grade of
cancer, the greater the similarity of human and mouse
specimens.

MMTV-like env gene sequences were identified in 22 of 59
(37.3%) human breast cancer specimens (table 1). However,
there were no associations between the presence of MMTV-
like sequences and similarity of human breast cancer to
MMTV-associated mouse mammary tumours.

Lawson, Tran, Carpenter, et al

Reliability of these observations

The assessment of histological characteristics has obvious
subjective elements. However, we believe that the findings
have validity because of the blinded nature of the assess-
ments. In addition, others can readily observe the histological
characteristics presented in this paper in any series of human
breast cancer specimens taken from patients in Western
countries (MMTV-associated breast cancer seems to be rarely
present in Chinese and Vietnamese patients).® "’

The findings based on PCR are also considered to be
reliable. The primers used in the PCR analyses were identical
to those previously used to successfully identify MMTV-like
env gene sequences in four independent laboratories.' > ¢ '*

The data based on PCR analyses conducted in the two
different laboratories on the same 14 human breast cancer
specimens in this study were consistent, but not perfect.
There seems to be two reasons for this: (1) the probable low
MMTV-like viral load in breast cancers and (2) the use of
formalin-fixed specimens in PCR analyses.

In addition, the similarity between human breast cancer
specimens and MMTV-associated mouse mammary speci-
mens was observed in several of the additional breast cancer
specimens in which MMTV-like env gene sequences had been
identified by both in situ PCR and standard PCR. In situ PCR
has advantages over standard PCR because the risk of
contamination is low and the location of the viral DNA can
be visualised.

General discussion
More than 20 years ago, Wellings" observed that some
human breast cancer specimens had histological characteristics

Figure 1

(top and bottom): mouse mammary tumour specimens; right (top and bottom): human IDC specimens. The upper
is a type B tumour. The histological characteristics of this mouse mamma

Histological characteristics of MMTV-associated mouse mammary tumours (magpnification x600) comr)ared with human IDC specimens. Left

eﬁ mouse mammary tumour specimen

tumour are virtually identical to the human breast cancer specimen (upper

right). Masses of densely packed round cells with litfle cytoplasm and little intercellular connective tissue are seen in both the mouse and human

specimens. The mouse mammary tumour specimen (bottom left) is a mixed type A and type B tumour. The histological characteristics of this mouse
mammary tumour and the (lower right) human breast cancer specimen are similar except that the human breast cancer specimen has collections of
densely packed round cancer cells. Sheets of connective tissue separate these collections of cancer cells. The mouse mammary tumour srecimen (lower

left) has masses of densely packed round cells with little surrounding connective tissue. The mouse tumour is homogeneous, with simi

lar cancer cells

throughout the specimen. The human tumour is heterogeneous, with similar cancer cells confined to one area of the specimen.
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similar to MMTV-associated mouse mammary tumours.
However, there is a belief that ‘“spontaneous”—that is,
MMTV-associated mouse mammary—tumours do not resem-
ble most human breast cancers." This belief seems to be based
on the observations made by Hamilton® in 1974, and the
conventional wisdom that the most common form of human
breast cancer is scirrhous carcinoma. The term scirrhous
carcinoma was used historically to describe IDCS which were
characterised by streams of elongated malignant cells
surrounded by dense connective tissues which in turn lead
to the rock (scirrhous) character of the tumour. These past
observations and beliefs obviously differ from our current
observations.

There is a plausible explanation for these different
observations. Owing to mammographic screening, the diag-
nosis of human breast cancer is being made at an increas-
ingly early stage of neoplastic progression. Therefore, many of
the breast cancer specimens that we have assessed have some
of the histological characteristics of hyperplasia. These
characteristics are similar to those of Dunn types A and B
in MMTV-associated mammary tumours in mice. In addition,
the MMTV-associated mammary tumours in mice, which
have been used for comparison with human breast cancers,
are probably also in the early stages of neoplastic progression.
This is because experimental mice are commonly killed soon
after the detection of mammary tumours, without being kept
alive until their natural deaths.

The presence of MMTV-like env gene sequences in 37.3% of
the human breast tumours in this study is compatible with
our previous observations of an increasing prevalence of
MMTV-like sequences in the progression from normal breast
pathology to breast cancer.”

There are precedents for a correlation between the presence
of an oncogenic virus and the development of specific
histological characteristics in an associated cancer. The classic
example is the association between human papilloma virus
(HPV), cervical intraepithelial neoplasia and human cervical
cancer.” With respect to cervical intraepithelial neoplasia,
there is also an inverse association between grade and
expression of virus morphology (koilocytosis), and retention
of tissue architecture. This is the same phenomenon as we
observed in this current investigation. However, we have not
shown a valid association between the presence of MMTV-
like env gene sequences in human breast tumours and
characteristic histological patterns. We have no evidence to
explain this lack of association and can only speculate about
the reasons. Perhaps an MMTV-like virus “hits and runs”.
Perhaps an MMTV-like virus initially acts in concert with
other viruses to cause breast cancer, and then leaves no trace
after it has initiated oncogenic change. The identification of a
range of oncogenic viruses in human breast cancer offers
some credence to this speculation, particularly with respect to
HPV, whose presence on some human breast tumours is
associated with its typical histological characteristics.**

It should be noted that differing influences may result in
the same or similar abnormal phenotypes of cells. For
example, drugs, carcinogenic toxins and radiation plus
spontaneous mutations may cause aplastic anaemia, but
the cell phenotype is the same for all causes. Although the
phenotype or histological characteristics of MMTV-associated
mammary tumours in experimental mice seems to be a
consistent phenomenon, it is possible that additional viruses
such as the Epstein—Barr virus and HPV may also be
associated with human breast cancers and could account
for the heterogeneous histological pattern of human breast
cancers.** *

There is also the possibility that MMTV-like viruses and
other viruses may be attracted to and located in malignant
tumours after their creation. This parasitic phenomenon
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seems to occur with Chlamydia infections of pre-existing
atheromatous plaques. In our view, such a parasitic
phenomenon is unlikely with respect to MMTV-like viruses
and human breast cancer. This is because of the conclusive
experimental evidence of the causal role of MMTV in
experimental mice and the evidence that MMTYV is associated
with malignant transformation of normal human breast
epithelial cells.*

If MMTV-like viruses have a role in breast carcinogenesis,
such a role is likely to be complex. These complexities include
the potential influence of cofactors such as sex and growth
hormones, interaction between MMTV-like viruses and other
viruses, and the possibility that an MMTV-like virus exists in
both exogenous and endogenous forms, which may combine
to cause carcinogenesis.

This is the first study to investigate the possible associa-
tions between the presence of MMTV-like sequences and
breast cancer morphology. Additional studies with greater
numbers of fresh tissue specimens are needed to confirm
these initial observations. This is because PCR analyses on
fresh tissues potentially offer greater sensitivity and relia-
bility than analyses of fixed tissues.

We speculate that the heterogeneous morphology of
human breast cancer may be due to the influence of several
different oncogenic viruses, including MMTV-like virus,
Epstein—Barr virus and HPV.

CONCLUSIONS

Some human breast cancers in which MMTV-like env DNA
sequences have been identified show histological character-
istics (morphology) similar to MMTV-associated mouse
mammary tumours. These observations are compatible with,
but not conclusive of, an association between the presence of
MMTV-like env DNA sequences and some human breast
cancers.
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