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Figure 18 A representative ELISPOT assay for testing HERV-K SU/TM specific T-cell
responses in human breast cancer patients and healthy donors.

PBMCs, IVS SU, and IVS TM cells (5><104 cells per well) from two patients with breast
cancer and two healthy donors were co-cultured with autologous protein-pulsed DCs for
18-24 hrs as detailed in Materials and Methods. All samples were tested in triplicate.
This figure shows that many more spots were detected in both IVS SU and IVS TM cells
from two patients than from the two healthy donors. ND: normal donor; DCIS: ductal
carcinoma 1n situ; IDC: invasive ductal carcinoma
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Figure 19 Quantitative assessment of HERV-K SU/TM specific T-cell responses in
human breast cancer patients and healthy donors by anti-human IFN-y ELISPOT assay.

These two graphs summarize the ESLIPOT data testing the HERV-K SU/TM specific T-
cell responses in 21 patients with breast cancer as well as 12 healthy donors. Each circle
represents the average amount of IFN-y-secreting cells of three measurements for each
sample and the horizontal bars show the mean value. The data suggest that specific T-
cell responses against both TM (A) and SU (B) protein were induced in breast cancer
patients. The black circles refer to the IFN-y secreting IVS cells co-cultured with KLH-
pulsed DCs and the white circles refer to those co-cultured DCs pulsed with HERV-K
TM (A) or SU (B) protein. ND, normal donors; BC, breast cancer
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Chapter 4 Discussion

In humans, the majority of the endogenous retroviruses are defective and not
expressed although they make up about 8% of the human genome. Only HERV-K,
however, has maintained intact ORFs for gag, pro, pol and env. The expression of
mRNA and proteins of HERV-K and even the production of retroviral particles have
been detected in some types of human cancers including breast cancer (30, 34, 37).
Although enhanced levels of HERV-K SU env expression have been found in human
breast cancer (30, 38), little is known about the expression of endogenous retroviral TM
Env protein in human cancers (Table 1). Here, we confirmed and extended data on the
expression and the immunological characterization of HERV-K TM envelope domain
and revealed the potential value of TM as a promising tumor target for breast cancer
diagnosis and immunotherapy.

In this work, we have isolated a gene encoding the HERV-K TM envelope domain
from a human melanoma patient and expressed the purified TM protein. The TM gene
sequence possesses extremely high identity (99%) with the sequence of the TM gene of
HERV-K37 (Figure 8) and the purified TM protein possesses exactly the same amino
acid sequence as the HERV-K 37 since all three variant nucleic acids are located in the
third position of the triplet codons. HERV-K 37 was estimated to integrate into the
germline genome approximately 0.5 million years ago and thus is considered an
evolutionary young HERV-K family (39).

Although it was previously shown by our group and others that HERV-K SU env
gene was expressed at both the mRNA and protein levels, to our knowledge, so far there

has been no report showing evidence of TM domain expression in human breast cancer.
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We have shown here that the HERV-K TM mRNA was expressed in all tested human
breast cancer cell lines but not in the normal human breast cell line MCF10A by RT-
PCR (Figure 12). Moreover, TM protein was exclusively expressed in human breast
cancer cell lines as well as in human breast cancer specimens by IFS analysis (Figure 13,
14). These results supported the assumption that the HERV K TM env domain is specific
to human breast cancer.

The detection of retroviral protein expression in breast cancer patients further raises
the question about the association between the expression of retroviruses and the
transformation and progression of human breast cancer. It is estimated that the re-
activation of retroviral proteins in human cancers would be the consequence of increased
transcriptional and translational activation during tumor development and progression.
As a transposable element, HERV-K may also be actively involved in malignant
transformation by insertional mutagenesis. In addition, there is recent evidence that two
accessory proteins encoded by HERV-K, Rec and NP9, are potential oncogenes
contributing to cellular transformation and induction of tumor formation in mice (40).

Another possible reason for retroviral protein overexpression in cancers concerns
their correlation with the immunosuppressive activity of the retroviruses. Many
retroviruses have been found to be capable of inducing immunosuppression to protect
from immunologic rejection consequent of transformed cells (41). The expression of the
envelope protein of retroviruses, including infectious retroviruses such as Moloney
murine leukemia virus (MoMLV) and HTLV as well as endogenous retroviruses like
HERYV-H, enables the transformed cells to grow in allogeneic immunocompetent mice

(22, 41, 42). 1t has been verified that the immunosuppressive activity is mediated by the
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conserved transmembrane envelope protein of retroviruses, for example, p15E of
MoMLYV and feline leukemia virus (FLV) and gp21 of HTLV-1 and HTLV-2, which can
inhibit lymphocyte proliferation and cytolytic activity of human natural killer cells, and
modulate cytokine production (22, 43). A seventeen amino acid peptide CKS-17
(LONRRGLDLLFLKEGGL), a synthetic peptide corresponding to a highly conserved
domain (i.e., ISD) of the TM protein, has been found to be the exact domain presenting
the immunosuppression activity (44). Some reports have verified that the retroviral ISD
can induce very low IgG titers in mice, whereas the mutant non-IS form induces much
higher humoral response (41, 45).

However, in this present study, we discovered that the HERV-K TM envelope
protein is capable of triggering strong humoral immune responses. The ELISA results
with mice showed that the TM protein induced significantly high titers of TM-specific
antibodies in sera from all TM-immunized mice (Figure 10). The HERV-K TM envelope
protein was further characterized in patients with breast cancer. Our results show that
around 50% of the patients (n=50) with breast cancer produced antibodies directed
against the TM protein of HERV-K (Figure 16). Such antibodies were detectable at a
lower frequency in the healthy donors (11.1%, n=18) with lower mean absorbance value.
However, it should be noted that a few healthy individuals had unexpected anti-HERV-
K TM antibody, suggesting that events other than breast cancer may lead to the aberrant
HERV-K TM expression and anti-TM immunity. Furthermore, research by another
group suggests that antibodies directed against HERV-K TM envelope protein are also
present in melanoma patients (34, 46). Such antibodies were detected at a very low

frequency in normal blood donors. This discrepancy may be explained by phylogenetic
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analysis based on the TM proteins. Although the TM domain is conserved and the ISD
can be found in the majority of the known retroviruses, there are a few exceptions which
do not possess the motif (including MMTV and HERV-K) (3).

It was documented that the detection of antibodies against HERV-K proteins was of
diagnostic and prognostic value in patients with germ cell cancer and melanoma (34,
47). Consistently, our ELISA study performed here reveals a positive correlation
between anti-HERV-K TM serum reactivity and tumor progression. Considering the
limited population tested, however, further prospective studies are needed to confirm this
result with a larger sample size.

Having identified the humoral immune response against HERV-K TM protein, it was
important to determine the TM-specific T cell response. ELISPOT assay is a common
used method to monitor T cell immune response in humans and animals. Here, we
performed IFN-y ELISPOT assay to determine the cellular immune response in
immunized mice and breast cancer patients. Anti-mouse IFN-y ELISPOT results show
that a putative specific T cell response against HERV-K TM protein was identified in
TM-immunized mice (Figure 11). Moreover, anti-human IFN-y ELISPOT assay was
performed using PBMCs from breast cancer patients after a single in vitro stimulation;
results showed that HERV-K TM protein could induce significantly higher T cell
response in breast cancer patients than in healthy donors (Figure 18, 19).

Although the exact role of HERV-K TM envelope protein in tumorigenesis remains
unclear, the exclusive overexpression in breast cancer cells and the specific immune

responses induced in patients with breast cancer make it a potentially valuable source of
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tumor antigens for cancer vaccination and immunotherapy. Anti-HERV-K TM env

antibodies may also be used as a screening tool for breast cancer.
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Chapter 5 Conclusion and Future Studies

5.1 Conclusion

We constructed a prokaryotic expression plasmid containing the gene encoding
HERV-K TM envelope domain (pQE30-TM) and generated purified 6-His tagged TM
fusion protein. We found TM mRNA and protein were exclusively expressed in human
breast cancer cells. The HERV-K SU immunity profile confirmed our previous findings
(30); however, our research challenged the prevailing data regarding the immunity of
retroviral TM protein in breast cancer. Our results suggest that HERV-K TM protein can
induce both humoral and cellular immune responses in human breast cancer patients and
immunized mice. Moreover, the data in our study clearly document a strong association
between HERV-K TM antibodies and the clinical manifestations of breast cancer
patients. Our findings expand the current knowledge of HERV-K in breast cancer and
suggest HERV-K TM may represent a novel source of breast cancer antigen for cancer
immunotherapy, prevention, diagnosis, and prognosis.
5.2 Future studies

Future research is required to validate our findings in a larger cohort of breast cancer
patients and corresponding healthy donors. In addition, more assays, such as CTL assay
and T cell proliferation assay, will be needed to confirm the immunogenic characteristics
of HERV-K TM protein in breast cancer. Furthermore, determination of potent
immunogenic peptides within the TM domain would provide the basis for generation of

anti-tumor vaccines.
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