JS et al. Infectious Agents and Cancer (2017) 12:24

DOI 10.1186/513027-017-0135-8 Infectious Agents and Cancer

Mouse mammary tumour virus (MMTV) and @
human breast cancer with neuroendocrine
differentiation
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Abstract

Background: Mouse mammary tumour viruses (MMTVs) may have a role in a subset of human breast cancers.
MMTV positive human breast cancers have similar histological characteristics to neuroendocrine breast cancers and
to MMTV positive mouse mammary tumours. The purpose of this study was to investigate the expression of
neuroendocrine biomarkers — synaptophysin and chromogranin, to determine if these histological characteristics
and biomarker expression were due to the influences of MMTV.

Methods: Immunohistochemistry analyses to identify synaptophysin and chromogranin were conducted on a
series of human breast cancers in which (i) MMTV had been previously identified and had similar histological
characteristics to MMTV positive mouse mammary tumours and (i) MMTV positive mouse mammary tumours.

Results: The expression of synaptophysin and chromogranin in MMTV positive mouse mammary tumors were all
positive (7 of 7 specimens — 100% positive). The expression of synaptophysin and chromogranin in MMTV positive
human breast cancers was much less prevalent (3 of 22 — 14%). There was no expression of synaptophysin and
chromogranin in the normal breast tissue control specimens.

Discussion: It is not possible to draw any firm conclusions from these observations. However, despite the small
numbers of MMTV positive mouse mammary tumours in this study, the universal expression in these specimens of
synaptophysin and chromogranin proteins is striking. This pattern of synaptophysin and chromogranin expression is
very different from their expression in MMTV positive human breast cancers. The reason for these differences is not

known.

Conclusions: The high prevalence of positive expression of synaptophysin and chromogranin in MMTV positive
mouse mammary tumours and low expression of synaptophysin and chromogranin in MMTV positive human
breast cancers indicates that MMTV is not usually associated with neuroendocrine human breast cancers.
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Background

There is substantial, but not conclusive, evidence that
MMTVs may have a role in a subset of human breast
cancers. This evidence is as follows: (i) identification of
MMTV-like gene sequences in breast cancer tissues is
associated with a 15 fold increase in breast cancer [1],
(i) MMTV-like env gene sequences have been identified
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in 38% of US and Australian human breast tumours but
rarely in normal breast tissue controls [2, 3], (iii) MMTV
sequences identified in human breast tissues are 95 to
98% homologous with MMTV in mouse mammary tu-
mours [4, 5], (iv) MMTYV viral proteins have been identi-
fied in human breast cancer [6, 7], (v) Wnt-1 oncogene
expression is significantly higher in MMTV-like positive
compared to MMTV-like negative breast cancer speci-
mens, which parallels high Wnt-1 expression in MMTV
positive mouse mammary tumours [8], (vi) MMTV can
infect human cells and randomly integrate its genomic
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information [9-11], (vii) there is increased prevalence of
MMTV-like viral sequences in healthy breast tissues
(nil), healthy tissue adjacent to breast cancer (19%),
breast hyperplasia (27%), ductal carcinoma in situ (82%)
[12], (viii) MMTV-like sequences have been identified
in milk from healthy lactating women and three fold in-
creased positivity in milk from women at high risk for
breast cancer [13, 14], (ix) MMTV-like sequences have
been identified in the saliva of 27% of healthy children,
11% of healthy adults and 57% of adults with breast can-
cer, which is suggestive of a human to human viral
transmission [15], (xi) MMTV-like viral sequences have
been identified in breast cancers which developed in a
father, mother and daughter of the same family which is
suggestive of an infectious condition [16] and MMTV
sequences have been identified in benign human breast
tissues before the development of MMTV associated
breast cancer in the same women [17]. Overall this evi-
dence is consistent with MMTYV having similar influ-
ences in both human breast cancer and mouse
mammary tumours.

We have previously observed that the histological charac-
teristics of MMTYV positive human breast cancers are simi-
lar to MMTYV associated mouse mammary tumours [18].
Many of these MMTYV positive human breast cancers also
have similar histology to neuroendocrine human breast
cancers. Neuroendocrine breast cancer is diagnosed by
both histological characteristics and the expression of either
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synaptophysin or chromogranin proteins [19]. Initially, the
World Health Organisation(WHO) classified breast cancers
with neuroendocrine features as those breast tumours with
over 50% of positive synaptophysin or chromogranin cancer
cells. This has since been modified to include breast cancers
with any number of synaptophysin or chromogranin posi-
tive cancer cells. The WHO classsification now refers to
such breast tumours as invasive breast carcinomas with
neuroendocrine differentiation [20]. Synaptophysin and
chromogranin are proteins secreted by endocrine (hormone
producing) cells located in many organs of the body in re-
sponse to a ‘neural’ (brain or nervous system) stimulus.
While synaptophysin and chromogranin proteins may be
secreted by both normal and cancer endocrine cells, their
expression is usually higher in malignant cells. This phe-
nomena can be used for diagnostic purposes [21].

In a preliminary investigation we observed that synap-
tophysin or chromogranin were highly expressed in
MMTYV associated mouse mammary tumours. As synap-
tophysin and chromogranin proteins are expressed in
human breast cancers which have similar histological
characteristics to MMTYV positive mouse mammary tu-
mours, we hypothesised that MMTYV may be the under-
lying causal factor.

To explore this hypothesis we investigated by immu-
nohistochemistry, the expression of synaptophysin and
chromogranin in a series of MMTYV positive human breast
cancers and MMTYV positive mouse mammary tumours.

Fig. 1 Synaptophysin & Chromogranin protein expression in MMTV positive human breast cancer & MMTV positive mouse mammary tumour. a.
Human synaptophysin expression. b. Mouse synaptophysin expression. ¢. Human chromogranin expression. d. Mouse chromogranin expression
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Table 1 Synaptophysin and chromogranin protein expression in MMTV positive mouse mammary tumors, MMTV positive human

breast cancers and normal human breast controls

Specimens MMTV Synaptophysin Chromogranin
Mouse mammary tumour 7/7 (100%) 7/7 (100%) 7/7 (100%)
Human breast cancer 22/22 (100%) 2/22 (9%) 2/22 (9%)
(selected for MMTV positivity)

Normal human breast controls 0/39 (0%) 0/39 (0%) 0/39 (0%)

We have not been able to identify any prior investigations
into the expression of synaptophysin and chromogranin in
MMTYV positive human breast cancers or MMTYV positive
mouse mammary tumours.

Here we show that the expression of synaptophysin and
chromogranin in MMTYV positive breast cancers is not usu-
ally associated with human neuroendocrine breast cancers.

Methods

Ethics

This project was approved by the Human Research Eth-
ics Committee of the University of New South Wales,
Sydney, Australia (HC11421).
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Fig. 2 a. MMTV positive human breast cancer. b. MMTV positive
Dunn type B mouse mammary tumour (Haematoxylin and
eosin stains)

Human breast specimens

Twenty breast cancer archival formalin fixed breast can-
cer specimens were selected because in previous studies
MMTYV envelope gene sequences had been identified in
these specimens [3]. The MMTYV sequences had been
identified by PCR techniques following the methods of
Wang et al. [2]. In addition each of these breast cancer
specimens were selected because their histological

Fig. 3 Breast cancer specimen from patient 8 which was positive for
both Synaptophysin & Chromogranin expression. a. MMTV positive
human breast cancer. b. MMTV positive Dunn type B mouse
mammary tumour (Haematoxylin and eosin stains)
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characteristics were similar to MMTV positive mouse
mammary tumours.

Thirty eight normal breast specimens from breast re-
duction surgery were used as controls. The donors of
these specimens were on average younger than the
breast cancer patients and therefore should be consid-
ered as a comparison group and not age matched
controls.

Mouse mammary tumour specimens
Seven mouse mammary tumours in which MMTYV enve-
lope gene sequences had previously been identified were
used for comparative purposes [22].

Immunohistochemistry

The automated Tissue-Tek Prisma system were used for
haematoxylin and eosin staining and Ventana Bench-
Mark Ultra were used for the identification of synapto-
physin and Chromogranin A proteins. Synaptophysin
(Novocastra catalogue number NCL-L-SYNAP-299) and
chromogranin A (Dako catalogue number M0869) anti-
bodies were used on formalin fixed paraffin embedded
specimens. Both synaptophysin and chromogranin A
proteins stain the cell membranes and cytoplasm of the
target cells. Pancreatic tissues were used as positive con-
trols for each specimen. Omission of the antibodies was
used as negative controls.

Statistics

The non-parametric Kolmogorov-Smirnov test was used
to test the significance between the human breast cancer
and mouse mammary tumour synaptophysin and chro-
mogranin positivity.

Results
Synaptophysin and chromogranin expression
The outcomes are presented in Table 1 and Additional file
1: Table S1, Additional file 2: Table S2 and Additional file
3: Table S3. The expression of synaptophysin and chromo-
granin in MMTYV positive mouse mammary tumours were
all positive (7 of 7 specimens — 100% positive). The ex-
pression of synaptophysin and chromogranin in MMTV
positive human breast cancers was much less prevalent (3
of 22 — 14%). There was no expression of synaptophysin
and chromogranin in the normal breast tissue control
specimens. The different positivity for synaptophysin and
chromogranin between the human breast cancer and
mouse mammary tumour was p=0.001 and 0.001 re-
spectively, that is highly significant.

The expression of synaptophysin and chromogranin in
MMTYV positive mouse mammary tumours and MMTV
positive human breast cancers are shown in Fig. 1.
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Histology

The similar histological characteristics of MMTV posi-
tive and neuroendocrine marker positive human breast
cancers and MMTV neuroendocrine positive mouse
mammary tumours are shown in Fig. 2. Mouse mam-
mary tumour cells are smaller in diameter than human
breast cancer cells but have very similar characteristics.
However it must be emphasised that the histological
characteristics of MMTV positive and synaptophysin
and chromogranin negative human breast cancers are
also similar to MMTV positive mouse mammary tu-
mours. The synaptophysin and chromogranin positive
MMTYV positive human breast cancers are characterised
by intensely stained nuclei which occupy most of the
cell, the cells are mostly round and regular in size and
are clumped together without glandular acini or lumen.
MMTYV negative human breast cancers are not similar
to MMTYV positive mouse mammary tumours.

One human breast cancer specimen was positive for
both Synaptophysin and Chromogranin. As shown in
Fig. 3 the histological characteristics of this specimen
were similar to MMTYV positive mouse mammary
tumours.

Discussion

We have demonstrated that (i) MMTV positive mouse
mammary tumours are all synaptophysin and chromo-
granin positive (7 of 7 specimens — 100% positive), (ii) in
MMTV positive human breast cancers only 3 of 22
(14%) are synaptophysin or chromogranin positive, (iii)
there was no expression of synaptophysin and chromo-
granin in the comparative normal breast specimens and
(iv) MMTYV positive (and either synaptophysin and chro-
mogranin positive or negative) human breast cancers
have similar histological characteristics to neuroendo-
crine human breast cancers and to MMTV positive
mouse mammary tumours.

The expression of synaptophysin and chromogranin
proteins in MMTV positive human breast cancers was
much less prevalent than in MMTYV positive mouse
mammary tumours.

These are confusing observations and it is not possible
to draw any firm conclusions. However, despite the small
numbers of mouse mammary tumours in this study, the
universal expression in these specimens of synaptophy-
sin and chromogranin proteins is striking. This pattern
of synaptophysin and chromogranin expression is very
different from the MMTV human breast cancers. The
reason is not known.

The expression or secretion of synaptophysin and
chromogranin proteins by endocrine (hormone) produ-
cing cells is presumably in response to a neurological or
other external stimulus. However, the substantial differ-
ences in the expression of synaptophysin and
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chromogranin in MMTV positive human breast cancer
and MMTYV positive mouse mammary tumours indicate
that MMTYV is not usually associated with neuroendo-
crine human breast cancers.

It has been suggested by Wiedenmann et al. [21] and
later by Maeda et al. [23] that the identification of
synaptophysin may be useful for the diagnosis of breast
cancers. The findings in this current study do not sup-
port that suggestion.

Conclusions

The high prevalence of positive expression of synapto-
physin and chromogranin in MMTV positive mouse
mammary tumours and low expression of synaptophysin
and chromogranin in MMTV positive human breast
cancers indicates that MMTYV is not usually associated
with neuroendocrine human breast cancers.

Additional files

Additional file 1: Table S1. Selected MMTV positive human breast
cancers. Synaptophysin and chromogranin expression. (XLSX 11 kb)

Additional file 2: Table S2. Mouse mammary tumours. Synaptophysin
and chromogranin expression (XLSX 10 kb)

Additional file 3: Table S3. Normal human breast specimens. MMTV
negative. Synaptophysin and chromogranin (XLSX 11 kb)

Abbreviation
MMTV: Mouse mammary tumor virus

Acknowledgements
Specimens were provided by Douglass Hanly Moir Pathology. Technical
assistance was provided by Benafsha Josufi.

Funding
There was no external funding for this project.

Availability of data and materials
All data is available from the corresponding author.

Authors’ contributions

JL- initial concepts, identification and collection of specimens, histological
assessments, data analyses, preparation of the manuscript. CN — laboratory
analyses, preparation of the manuscript. WK - laboratory analyses,
preparation of the manuscript. DT- laboratory analyses, preparation of the
manuscript. All authors read and approved of the final manuscript.

Competing interests
No author has any competing financial or other competing interests.

Consent for publication
Not applicable. This project was based on de-identified archival specimens.
There was no direct contact with patients.

Ethics approval and consent to participate

This project was formally considered and approved by the Human Research
Ethics Committee of the University of New South Wales. Reference number
HREC HC11421.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 5 of 6

Author details

'School of Biotechnology and Biomolecular Sciences, University of New
South Wales, Sydney, Australia. 2Douglass Hanly Moir Pathology, Sydney,
Australia.

Received: 1 March 2017 Accepted: 2 May 2017
Published online: 16 May 2017

References

1. Wang F, Hou J, Shen Q, Yue Y, Xie F, Wang X, et al. Mouse mammary tumor
virus-like virus infection and the risk of human breast cancer: a meta-analysis.
Am J Trans| Res. 2014;6:248-66.

2. Wang Y, Holland JF, Bleiweiss 1), Melana S, Liu X, Pelisson |, et al. Detection
of mammary tumor virus env gene-like sequences in human breast cancer.
Cancer Res. 1995;55:5173-9.

3. Ford CE Tran D, Deng Y, Ta VT, Rawlinson WD, Lawson JS. Mouse
mammary tumor virus-like gene sequences in breast tumors of Australian
and Vietnamese women. Clin Cancer Res. 2003;9(3):1118-20.

4. Liu B, Wang Y, Melana SM, Pelisson |, Najfeld V, Holland JF, et al.
Identification of a proviral structure in human breast cancer. Cancer Res.
2001,61:1754-9.

5. Melana SM, Holland JF, Pogo BG. Search for mouse mammary tumor virus-
like env sequences in cancer and normal breast from the same individuals.
Clin Cancer Res. 2001;7:283-4.

6. Bar-Sinai A, Bassa N, Fischette M, Gottesman MM, Love DC, Hanover JA,
Hochman J. Mouse mammary tumor virus Env-derived peptide associates
with nucleolar targets in lymphoma, mammary carcinoma, and human
breast cancer. Cancer Res. 2005;65:7223-30.

7. Melana SM, Nepomnaschy |, Hasa J, Djougarian A, Djougarian A, Holland JF,
et al. Detection of human mammary tumor virus proteins in human breast
cancer cells. J Virol Methods. 2010;163:157-61.

8. Lawson JS, Glenn WK, Salmons B, Ye Y, Heng B, Moody P, et al. Mouse
mammary tumor virus-like sequences in human breast cancer. Cancer Res.
2010;70:3576-85.

9. Indik S, Glnzburg WH, Salmons B, Rouault F. Mouse mammary tumor virus
infects human cells. Cancer Res. 2005;65:6651-9.

10.  Faschinger A, Rouault F, Sollner J, Lukas A, Salmons B, Glinzburg WH, et al.
Mouse mammary tumor virus integration site selection in human and
mouse genomes. J Virol. 2008;82:13.

11. Konstantoulas C, Indik S. CsH strain of mouse mammary tumor viruses like
GR strain infects human mammary epithelial cells albeit less efficiently than
murine mammary epithelial cells. J Gen Virol. 2015,96:650-62.

12, Mazzanti CM, Al Hamad M, Fanelli G, Scatena C, Zammarchi F, Zavaglia K, et
al. A mouse mammary tumor virus env-like exogenous sequence is strictly
related to progression of human sporadic breast carcinoma. Am J Pathol.
2011;179:2083-90.

13. Johal H, Ford CE, Glenn WK, Heads J, Lawson JS, Rawlinson WD. Mouse
mammary tumor like virus (MMTV) sequences in breast milk from healthy
lactating women. Breast Cancer Res Treat. 2011;129:149-55.

14.  Nartey T, Moran H, Marin T, Arcaro KF, Anderton DL, Etkind P, et al. Human
Mammary Tumor Virus (HMTV) sequences in human milk. Infect Agent
Cancer. 2014,9:20.

15. Mazzanti CM, Lessi F, Armogida |, Zavaglia K, Franceschi S, Al Hamad M, et
al. Human saliva as route of inter-human infection for mouse mammary
tumor virus. Oncotarget. 2015;6:18355-63.

16. Etkind PR, Stewart AF, Wiernik PH. Mouse mammary tumor virus (MMTV)-like
DNA sequences in the breast tumors of father, mother, and daughter. Infect
Agent Cancer. 2008;3:2.

17. Nartey T, Mazzanti CM, Melana S, Glenn WK, Bevilacqua G, Holland JF, et al. Mouse
mammary tumor-like virus (MMTV) is present in human breast tissue before
development of virally associated breast cancer. Infect Agent Cancer. 2017,12:1.

18. Lawson JS, Tran DD, Carpenter E, Ford CE, Rawlinson WD, Whitaker NJ,
Delprado W. Presence of mouse mammary tumour-like virus gene
sequences may be associated with morphology of specific human breast
cancer. J Clin Pathol. 2006;59:1287-92.

19.  Adegbola T, Connolly CE, Mortimer G. Small cell neuroendocrine carcinoma
of the breast: a report of three cases and review of the literature. J Clin
Pathol. 2005;58:775-8.

20. Bussolati G, Badve S. Carcinomas with neuroendocrine features. In: Lakhani
et al, editors. WHO Classification of tumours of the breast. Lyon, France:
IARC Press; 2012.


dx.doi.org/10.1186/s13027-017-0135-8
dx.doi.org/10.1186/s13027-017-0135-8
dx.doi.org/10.1186/s13027-017-0135-8

JS et al. Infectious Agents and Cancer (2017) 12:24 Page 6 of 6

21. Wiedenmann B, Huttner WB. Synaptophysin and chromogranins/
secretogranins-widespread constituents of distinct types of neuroendocrine
vesicles and new tools in tumor diagnosis. Virchows Arch B Cell Pathol Incl
Mol Pathol. 1989,58:95-121.

22, Glenn WK, Lawson JS, Whitaker NJ. Mouse mammary tumour-like virus
gene sequences and specific breast cancer morphology. J Clin Pathol.
2007;60:1071.

23. Maeda |, Tajima S, Ariizumi Y, Doi M, Endo A, Naruki S, Hoshikawa M,
Koizumi H, Kanemaki Y, Ueno T, Tsugawa K, Takagi M. Can synaptophysin
be used as a marker of breast cancer diagnosed by core-needle biopsy in
epithelial proliferative diseases of the breast? Pathol Int. 2016,66:369-75.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Discussion
	Conclusions

	Background
	Methods
	Ethics
	Human breast specimens
	Mouse mammary tumour specimens
	Immunohistochemistry
	Statistics

	Results
	Synaptophysin and chromogranin expression
	Histology

	Discussion
	Conclusions
	Additional files
	Abbreviation
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

